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Overview

Objective: Development of a methodology for crash
hotspot analysis and network-wide ranking for urban and
rural motorways and rural roads.

Characteristics: Flexible and easy to use due to the need
to be suitable for large-scale (i.e., network-wide)
implementations

* Presentation of the methodology (data needs, formulas,
etc.)

 Sensitivity analysis to assess the impact of the various
parameters/ assumptions of the methodology

e Results and discussion
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Input data

Crash data
= At least 3 years of crash data
= Crashes with injuries (mild, severe, fatal)

Traffic data
= Traffic volume data (Annual Average Daily Traffic)

Road geometry data

= These data are not used for the analysis per se

= Presence of horizontal curves, number of lanes,
presence and type of junctions =2 Segmentation
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Methodology (1/4)

1. Network segmentation

» Max. section lengths have been defined per road type.
» The sections are homogeneous (hor. curve & no. lanes)
» Three approaches exist to deal with junctions:

> Tstapproach: midpoint of the junction as the section
limit

» 2" and 3" approaches: boundary of the area of
influence of the junction as limit of the section
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Hsafemodels

1. Network segmentation

| |

2. Safety performance metrics
calculation

I<

3. Definition of thresholds

4. Road Safety Ranking




Methodol Oogy (2/4) ;lssafemodels

2. Safety performance metric calculation

» crash data should be available for at least 3 years to implement
the methodology.

1. Network segmentation

| |

» The number of crashes with fatalities and injuries across all
modes are considered.

2. Safety performance metrics
calculation

I<

» Future: common definition AIS — crashes with serious injuries (MAIS 3+)
and fatalities 3. Definition of thresholds
» For each section, the lower and upper number of expected

crashes is estimated based on the Poisson method using the '
number of occurred crashes. 4. Road Safety Ranking

» Crash Rate (if traffic data are available) and Crash Density are
estimated per section using the lower and upper number of
expected crashes.
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Methodol Oogy (3/4) ;l;safemodels

[
e

2. Safety performance metrics

1. Network segmentation

3. Definition of critical thresholds

» The safety performance of a section is compared against the
safety performance of the Reference Population to which the alculation
section belongs to.

» The Reference Population is the set of roads across a 3. Definition of thresholds
country/region with same characteristics, e.g., all urban
motorways.

4. Road Safety Ranking

s oo
\ 4

» Crash Rate (if traffic data are available) and Crash Density are
estimated for each Reference Population group.
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Methodology (4/4)

4. Road Safety Ranking

» Based on the Crash Rate (or Density) value for the
reference population (CRRF) and the lower & upper
thresholds for the section’s Crash Rate (CR-lower, CR-
upper, respectively), a section is classified as:

Class 3: High Risk section

when CRRF < CR-lower < CR-upper

Class 2: Unsure section

when CR-lower < CRRF < CR-upper

Class 1: Low Risk section

when CRRF > CR-upper > CR-lower

T
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1. Network segmentation

<I

2. Safety performance metrics
calcglation

3. Definition of thresholds

4. Road Safety Ranking
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Apphcat'On T ——— %safemodels

Google Earth

Study site characteristics Data
= Part of the Olympia Odos motorway (~50km) = 56 injury crashes

= Data for analysis has been provided by the road = AADT range: 9.000-11.000 veh/day
operator & has been retrieved from Google Earth

HoeE

?M Katerina Deliali, i-Safemodels - A crash hotspot identification and safety ranking methodology

AR
o, ey Y



Results — Case 1 i

. . . . | Y ears 5 Ranking
- A | d f ff Cash Cl__| Crash Desrity | Crash Rete | By Acc. Density|By Acc. Rate| | Final
n a yS I S p e r I re Ct I O n O tra I C Code | Start poirt | End paint | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper| Lower | Upper Stalus Stdus Status
. 1 26950 29950 3 2 11,342 1 8 007 | 053 161 1287 Jnsure Jnsure Jnsure
u Data fOI’ the refereﬂce pOpUlatIOﬂ 9 2 | 2050 | 3350 36 1 |1342| 1 | 6 [006[03| 134 | 805 Insure
3 33550 38950 b4 2 11,078 1 8 0 | 03 0.92 7.32 Jnsure Jnsure Jnsure
Entire Ol m |a Odos motorwa 4 | 3m950 | 41350 24 1 [10228] 1 6 | 00| 05| 223 |13 Jnsure
y p y 5 41350 44750 34 5 10,303 2 12 1 012 | 071 3.13 18.76 High Risk High Risk | [High Risk
i) 44750 22550 4 1] 10,303 1] 4 0 0.2 0 5.3 Low Risk Low Risk Low Risk
7 52550 05550 2] 1 9816 1 [i] 007 | 04 1.86 11.16 Jnsure Jnsure Jnsure
g 05550 29750 42 2 9465 1 9 005 | 043 1.38 124 Jnsure Jnsure Jnsure
. . . ™o/ : 9 29750 64950 52 1 9,379 1 6 0 | 023 1.12 6.74 Jnsure Jnsure Jnsure
- Seqmentatlon The road IS dIVIded In 10 64950 69350 44 1 9,033 1 6 006 | 0 1.38 8.27 Jnsure Jnsure Jnsure
o, 1 69350 73550 34 4 9033 2 1 012 | 065 357 19.61 High Risk High Risk | [High Risk
SeCt Telals th a‘t are h om Og enous an d 12 | 7% | 76150 26 0 | 84m | 0 | 4 | 0 | o3 0 | 995 | LowRsk | LowRisk | |LowRisk
13 | 76150 | 77550 14 2 8106 1 8 014 | 114 483 386 High Risk High Risk [ [High Risk
start/end at junctions | =
. Crash Cl Crash Density Crash Rate By Acc. Density | By Acc. Rate Final
| C h ° | J y h Code | Start point | End point | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
ra S e S 2 n u r C ra S e S 1 77550 76150 1.4 1 8,106 1 6 014 | 086 | 4.83 | 28.95 High Risk High Risk High Risk
2 76150 73550 2.6 0 8,470 0 4 0 0.31 0 9.95 Low Risk Low Risk Low Risk
3 73550 66750 5.8 3 9,033 1 9 0.03 | 0.31 1.05 9.41 Unsure Unsure Unsure
4 66750 64950 1.8 0 9,033 0 4 0 0.44 0 13.47 Low Risk Low Risk Low Risk
o) 64950 59950 5 1 9,379 1 6 0.04 | 0.24 1.17 7.01 Unsure Unsure Unsure
6 59950 57550 2.4 1 9,465 1 6 0.08 0.5 241 | 14.46 Unsure Unsure Unsure
7 57550 54550 3 0 9,465 0 4 0 0.27 0 7.7 Low Risk Low Risk Low Risk
8 54550 52150 2.4 1 9,816 1 6 0.08 0.5 2.32 | 13.95 Unsure Unsure Unsure
9 52150 48150 4 4 10,303 2 11 0.1 0.55 | 2.66 | 14.62 Unsure Unsure Unsure
10 47750 41950 5.4 7 10,303 3 15 0.11 056 | 295 | 14.76 Unsure Unsure Unsure
11 41950 38150 3.8 7 10,353 3 15 016 [ 0.79 | 4.18 | 20.88 High Risk High Risk High Risk
12 38150 | 33150 5 1 11,078 1 6 004 | 024 | 0.99 5.93 Unsure Unsure Unsure
13 33150 | 26950 6.2 3 11,342 1 9 003 | 029 | 0.78 7.01 Unsure Unsure Unsure
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Results — Case 2 i

. . . . | Years | 5 Ranking
[ | A n a |yS I S p e r d | re Ct I O n Of tra ffl C . . Crash Cl | Crash Density | Crash Rate | By Acc. Density | By Acc. Rate Final
Code | Start point | End point | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
. 1 26950 29950 3 32 11,342 22 46 147 | 3.07 | 354 | 74.03 Unsure Unsure Unsure
u D a ta fo r t h e refe re ﬂ Ce p O p U | at I O n 9 2 29950 33550 3.6 38 11,342 27 53 1.5 294 | 36.21 | 71.08 Unsure Unsure Unsure
. . 3 33550 38950 5.4 63 11,078 49 81 1.81 3 4485 | 74.14 Unsure Unsure Unsure
E ntl re O |y m p 13 O d oS m OtO rw ay 4 | 38050 | 41350 24 25 |10228] 17 | 37 | 142 | 3.08 | 37.92 | 82.54 Unsure Unsure Unsure
5 41350 44750 34 26 10,303 17 39 1 2.29 | 26.57 | 60.96 Low Risk Low Risk Low Risk
6 44750 52550 4 45 10,303 33 61 1.65 | 3.05 | 43.85 | 81.05 Unsure Unsure Unsure
7 52550 55550 3 26 9816 | 17 39 1.13 26 | 31.61 | 72.52 Unsure Unsure Unsure
8 55550 59750 4.2 43 9465 | 32 58 1.52 | 2.76 | 44.08 | 79.89 Unsure Unsure Unsure
. . . ™o/ : 9 59750 64950 5.2 50 9,379 | 38 66 146 | 254 | 4267 | 741 Unsure Unsure Unsure
- S e q m e n ta t I O n . T h e roa d I S d IVI d e d I n 10 64950 69350 4.4 43 9,033 | 32 58 1.45 | 2.64 | 44.09 [ 79.91 Unsure Unsure Unsure
- . 11 69350 73550 3.4 77 9,033 | 61 97 3.59 | 571 |108.76 | 172.94 High Risk High Risk High Risk
S e Ct I O n S t h a‘t a re h O m O g e n O u S a n d 12 73550 76150 2.6 14 8470 | 8 24 0.62 | 1.85 | 19.89 | 59.68 Low Risk Low Risk Low Risk
13 | 76150 | 77550 1.4 7 8106 [ 3 15 043 | 214 | 1448 | 72.38 Low Risk Unsure Unsure
St a r-t / e n d at J u n Ctl O n S CrashCl  Crash Density Crash Rate By Acc. Density | By Acc. Rate Final
Start point | End point | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
o 77550 76150 14 18 8,106 11 29 1.57 | 414 | 53.08 | 139.93 Unsure Unsure Unsure
| C h ° | d P DO h 76150 73550 2.6 23 8,470 15 35 115 | 2.69 | 37.3 87.03 Unsure Unsure Unsure
ra S e S 2 n.J u ry a n C ra S e S 73550 66750 5.8 91 9,033 74 112 255 | 3.86 | 77.34 | 117.06 High Risk High Risk High Risk
66750 64950 1.8 17 9,033 10 28 1.1 3.11 | 33.68 94.3 Unsure Unsure Unsure
64950 59950 ) 43 9,379 32 58 128 | 2.32 | 37.37 | 67.73 Low Risk Unsure Unsure
59950 57550 2.4 22 9,465 14 34 117 | 283 | 3375 | 81.96 Unsure Unsure Unsure
57550 54550 3] 23 9,465 15 35 1 233 | 2893 | 67.49 Low Risk Unsure Unsure
54550 52150 2.4 31 9,816 22 45 1.83 | 3.75 | 51.13 [ 104.59 Unsure Unsure Unsure
52150 48150 4 47 10,303 35 63 1.75 | 3.15 | 46.5 83.71 Unsure Unsure Unsure
47750 41950 5.4 85 10,303 68 106 252 | 3.93 | 66.93 | 104.32 High Risk High Risk High Risk
41950 38150 3.8 62 10,353 | 48 80 253 | 421 | 66.81 | 111.35 High Risk High Risk High Risk
38150 | 33150 5 97 11,078 79 119 3.16 | 4.76 78.1 117.64 High Risk High Risk High Risk
33150 | 26950 6.2 74 11,342 59 93 1.9 3 45.94 72.42 Unsure Unsure Unsure
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Crash Cl Crash Density Crg By Acc. Rate Final
Code | Start point | End point | Length fkm) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower Status Status
1 26950 29950 2 2 11,342] 1 7 007 | 047 | 161 :
2 2990 33550 36 1 11342 1 5 006 | 028 | 1.3
— 3 | 3350 | 3660 54 2 [mom| 1 | 7 [ona [ 0% ] om
4 38960 41350 24 1 10.228] 1 5 008 | 042 | 223 Unsure
5 4130 4750 34 5 10303 2 11 | 012 | 065 | 313 High Risk
6 4750 52550 4 1] 10,303] 0 3 1] 015 1]
7 52560 55550 2 1 9816 | 1 5 007 | 033 | 18 5
8 56560 59750 42 2 9465 1 8 005 | 038 | 1.38 5
=) 59750 64950 i 1 9379 | 1 5 004 | 019 | 112 | E Unsure s ure
. . . : 10 | 64950 | 69350 44 19033 1 5 | 005|023 | 13 | 689 Unsure Unsure
u A n a |yS I S pe r d I re Ct I O n Of tra ffl C 11 69350 73550 34 4 9033 2 10 | 012 | 059 [ 357 | 17.83 High Risk High Risk High Risk
12 735650 76150 26 1] 8470 0 3 1] 03 1] 746 Low Risk Low Risk Low Risk
- D t f t h f | t o 14 2 8106 | 1 7 0.14 1 483 | 3378 High Risk High Risk High Risk
9 Crash Cl Crash Densi Crash Rate By Acc. Densi By Acc. Rate Final
a a O r e re e re n C e p O p u a I O n t | Length (km) | Crashes | AADT | Lower | Upper | Lower Uppteyr Lower | Upper 3 Status . yStatus Status
. . 1.4 1 8,106 1 5 014 | 0.71 4.83 | 24.13 High Risk High Risk High Risk
2 76150 73550 2.6 0 8,470 0 3 0 0.23 0 7.46 Low Risk Low Risk Low Risk
Entire O |y mpia Odos moto rway e R AR R e e |
4 66750 64950 1.8 0 9,033 0 3 0 0.33 0 10.1 Low Risk Low Risk Low Risk
5 64950 59950 5 1 9,379 1 5 0.04 0.2 1.17 5.84 Unsure Unsure Unsure
6 59950 57550 2.4 1 9,465 1 5 0.08 0.42 2.41 12.05 Unsure Unsure Unsure
7 57550 54550 3 0 9,465 0 3 0 0.2 0 5.79 Low Risk Low Risk Low Risk
8 54550 52150 2.4 1 9,816 1 5 0.08 0.42 2.32 | 11.62 Unsure Unsure Unsure
. . . . . 9 52150 48150 4 4 10,303 2 10 0.1 0.5 2.66 | 13.29 Unsure Unsure Unsure
° 10 47750 41950 5.4 7 10,303 4 14 0.15 | 052 | 3.94 | 13.78 High Risk High Risk High Risk
. S e q m e n ta t I O n . T h e roa d I S d IVI d e d I n 11 41950 38150 3.8 7 10,353 4 14 0.21 0.74 5.57 | 19.49 High Risk High Risk High Risk
had 12 38150 33150 ) 1 11,078 1 5 0.04 0.2 099 [ 494 Unsure Unsure Unsure
t . t h t h d 13 33150 | 26950 6.2 3 11,342 1 8 0.03 | 026 | 0.78 | 6.23 Unsure Unsure Unsure
S e C I O n S a a re O m O g e n O u S a n Crash Cl Crash Density | Crash Rate | By Acc. Density|By Acc. Rate| | Final
. . Code | Start point | End point | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
t -t d t -t 1 | 26950 | 29950 3 2 |1342] 1 | 10 | 007 | 067 [ 161 | 16.09 Unsure Unsure Unsure
S a r e n a J u n C I O n S 2 29950 33550 3.6 1 11,342 1 8 0.06 | 0.44 | 1.34 | 10.73 Unsure Unsure Unsure
& 33550 38950 5.4 2 11,078 1 10 0.04 | 037 | 092 | 9.15 Unsure Unsure Unsure
o M 4 38950 41350 2.4 1 10,228 1 8 0.08 | 067 | 2.23 | 17.85 Unsure Unsure Unsure
u C ra S h e S o | nJ u ry C ra S h e S 5 41350 44750 34 5 10,303| 2 15 | 012 | 0.88 | 3.13 [ 23.45 High Risk High Risk | |High Risk
6 44750 52550 4 0 10,303 0 6 0 0.3 0 797 Low Risk Low Risk Low Risk
- D . ff t t f _t h P . 7 52550 55550 3 1 9816 | 1 8 0.07 | 053 | 1.86 | 14.88 Unsure Unsure Unsure
8 55550 59750 42 3 9,465 1 11 005 [ 052 | 1.38 | 15.15 Unsure Unsure Unsure
I e re n pa ra m e e rS O r e O I S S O n 9 59750 64950 5.2 1 9,379 1 8 0.04 | 0.31 112 | 8.98 Unsure Unsure Unsure
10 64950 69350 44 1 9,033 1 8 0.05 | 0.36 | 1.38 | 11.02 Unsure Unsure Unsure
m et h O d 1 69350 73550 34 4 9,033 1 13 | 006 | 0.76 | 1.78 | 23.18 Unsure Unsure Unsure
12 73550 76150 2.6 0 8470 0 6 0 0.46 0 14.92 Low Risk Low Risk Low Risk
. 0 14 2 8,106 | 1 10 [ 014 | 143 | 4.83 | 48.25 High Risk High Risk | |High Risk
| D ﬁc t d [ b int | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
l eren upper an O Wer n um ers 14 1 8106 | 1 8 014 | 114 | 483 | 38.6 High Risk High Risk | [High Risk
. 2.6 0 8470 0 6 0 0.46 0 14.92 Low Risk Low Risk Low Risk
for th e eXp ected CrGSh es per Sectl on 3 | 73550 | 66750 | 58 3 [908] 1 | 11 [ 003 ] 038 | 105 | 115 | Unsue Unsure | | Unsure
4 66750 64950 1.8 0 9033| 0 6 0 0.67 0 20.21 Low Risk Low Risk Low Risk
& 64950 59950 5 1 9379 1 8 004 | 032 | 117 | 9.4 Unsure Unsure Unsure
6 59950 57550 24 1 9,465 1 8 0.08 | 0.67 | 241 | 19.28 Unsure Unsure Unsure
7 57550 54550 3 0 9465| 0 6 0 0.4 0 11.57 Low Risk Low Risk Low Risk
8 54550 52150 24 1 9,816 1 8 0.08 | 0.67 | 2.32 | 18.59 Unsure Unsure Unsure
9 52150 48150 4 4 10,303 1 13 | 0.05 | 0.65 | 1.33 | 17.27 Unsure Unsure Unsure
10 47750 41950 54 7 10,303] 3 18 | 011 [ 0.67 | 295 | 17.72 Unsure Unsure Unsure
1 41950 38150 38 7 10,353| 3 18 | 0.16 | 0.95 | 4.18 | 25.05 High Risk High Risk | | High Risk
12 | 38150 [ 33150 5 1 11,078 1 8 0.04 | 032 | 099 | 791 Unsure Unsure Unsure
13 | 33150 | 26950 6.2 3 11,342] 1 1 0.03 | 035 | 0.78 | 857 Unsure Unsure Unsure
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Results — Case 4

= Analysis per direction of traffic
= Data for the reference population -2
Entire Olympia Odos motorway

= Segmentation: The road is divided in
sections that are homogenous only
in terms of traffic volume
= Simplified segmentation that
results in larger and so, fewer
sections.
= (Crashes: Injury crashes

P
[

Years | 5 Ranking

Crash Cl [ Crash Density | Crash Rate |By Acc. Density By Acc. Rate| | Final

Code | Start | End | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
1 [26950]33550 6.6 3 11,342 1 9 0.03 | 027 | 0.73 | 6.58 Unsure Unsure Unsure
2 |33550{38950 5.4 2 11,078 1 8 0.04 0.3 092 | 7.32 Unsure Unsure Unsure
3 |38950(41350 2.4 1 10,228| 1 6 0.08 0.5 2.23 | 13.38 Unsure Unsure Unsure
4 (41350152550 74 5 10,303| 2 12 0.05 | 0.32 | 144 | 8.62 Unsure Unsure Unsure
5 |52550(55550 3 1 9,816 1 6 0.07 0.4 1.86 | 11.16 Unsure Unsure Unsure
6 |55550(64150 8.6 4 9465 | 2 11 0.05 | 0.26 | 1.35 74 Unsure Unsure Unsure
7 |64150{75350 10.4 5 9,033 2 12 004 | 023 | 117 | 6.99 Unsure Unsure Unsure
8 |75350(77550 2.2 2 7914 | 1 8 0.09 | 0.73 | 315 | 25.16 Unsure High Risk | |High Risk

Years 5 Ranking

Crash Cl Crash Density | Crash Rate [By Acc. Density|By Acc. Rate Final

Code | Start | End | Length (km) | Crashes | AADT | Lower | Upper | Lower | Upper | Lower | Upper Status Status Status
1 |77550]75150 2.4 1 7,914 1 6 0.08 | 0.50 | 2.88 | 17.3 Unsure Unsure Unsure
2 |75150]64150 10 8 9,033 1 9 0.02 | 018 | 0.61 | 546 Unsure Unsure Unsure
3 |64150(55550 8.6 2 9,465 1 8 0.02 | 019 | 0.67 | 5.38 Unsure Unsure Unsure
4 (55550152150 34 1 9,816 | 1 6 0.06 [ 0.35 [ 1.64 | 9.84 Unsure Unsure Unsure
5 |52150{41150 10.2 11 10,303| 6 20 0.12 | 0.39 | 3.13 | 10.42 High Risk Unsure Unsure
6 |41150{38150 3 7 10,228| 3 15 0.2 1 5.35 | 26.77 High Risk High Risk | |High Risk
7 |38150{33150 5 1 11,078 1 6 0.04 [ 024 | 099 | 593 Unsure Unsure Unsure
8 [33150]26950 6.2 3 11,342 1 9 003 | 029 | 0.78 | 7.01 Unsure Unsure Unsure
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Conclusion

> Flexible and easy to use methodology to the
need to be suitable for large-scale (i.e.,
network-wide) implementations.

» The type of crashes significantly affects the
final results. However, in cases where PDO
crashes are so high in number, road safety
assessment frameworks might also need to
focus on reducing PDO crashes too.

> Extensions of the methodology may examine
Its use in urban settings.
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