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Objective

« To develop a macroscopic road safety decision
making tool that will assist governments and
decision makers, both in developed and
developing countries, to decide on the most
appropriate road safety policies and measures
in order to achieve tangible results.

* Based on work carried out in the framework of
the “Safe Future Inland Transport Systems
(SafeFITS)" project of the United Nations
Economic Commission for Europe (UNECE),

financed by the International Road Union (IRU).

Available at: http://www.unece.org/?id=47/239

UNECE

SafeFITS
Safe Future Inland Transport Systems

--------

_Benchmanking O lfcty Pelfﬂumnce lndlmtonbﬁt 1||tu

“Economy
Road uSe,Safety Performancef ......
MeasuresVehlcle,[ wdustrialized (“ountn(“;D ab3Te

=Road Safety Managementvm

Measures s s Database
Injunes Exposure Forecastlng Ve hi CI e

- “DatabaSE' . mﬁm_;rvenuons Fatalmes

““Global Road Safety Model

Exposure |nt€fveml003v hicle] [ msport l)un md
o Statlstlcal Models 02 e

iC
i ¢FioadSafey Manogermen Eme r] “lF h)xn’onr P
Causalmes iy M Stansucal Models ** ot o

Decnsnon Makmg SyStem =

E'f"*“‘-'-ﬂ Industrialized Cor um ety _CAUSA| litie
e &gg‘;mxn Benchmarkmg Z Injurles
Safety PerfofMANCe " = Causalltles Benchmarklng

) |
(gﬁj G. Yannis, SafeFITS — A Global Road Safety Model



http://www.unece.org/?id=47239

Conceptual Framework

Based on the five pillars of WHO Global Plan of
Action (WHO, 2011) and an improved version of
the SUNflower pyramid (2002):

SafeFITS layers

Fconomy and Management
Transport Demand and Exposure
Road Safety Measures

Road Safety Performance Indicators
Fatalities and Injuries

SafeFITS pillars

Road Safety Management
Road Infrastructure
Vehicle

User

Post-Crash Services
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_Architecture of the Database

Data from the five layers and the five pillars

 International databases explored: WHO, UN,
IRF, OECD, etc.

 Data for 130 countries with population
higher than 2,8 million inhabitants

« Data refer to 2013 or latest available year
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~ Database Overview

« Wherever data for 2013 were not available, the latest data
available were used.

« The missing values of each indicator of the countries were
filled with the mean value of the indicator in their regions.

« The respective information of each variable is properly
represented in the database for the statistical process.

« Data for most variables were available for almost all
countries.

 Low data availability is observed for few variables regarding: [ &4
« the restraint use rates i
the percentage of fatalities attributed to alcohol
the distribution of fatalities by road user type
transport demand and exposure indicators
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~ Data Analysis Methodology

« Two-step approach of statistical modeling:

« Estimation of composite variables (factor
analysis) in order to take into account as many
indicators as possible of each layer

« Correlating road safety outcomes with
indicators through composite variables by
developing a regression model with explicit
consideration of the time dimension

« Model specification

Log(Fatalities per Population),; = A; + Log(Fatalities per
Population), ,+ B; * GDP,; + K; * [Economy & Management],; + Li
* [Transport demand & Exposure],; + M; * [Road Safety Measures],,
+ N; * [RSPI]; + ¢

Where [Composite Variable]
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Calculation of composite variables — Economy and Management

Indicator loadings and coefficients on the estimated
factor (composite variable) on Economy and
Management

Score coefficients

[Comp_EM] = -0.250 (EMZ_[t15y0) + 0.229

(EM3_gtbhyo) + 0.228 (EM4_UrbanPop) + 0.224 EM1_Popdensity 091 029
(EM7_NationalStrategy) + 0.221 EM2_It15y0 778 250
(EMS&_NationalStrategyFunded) + 0.222 EM3_gt6Syo 714 229
(EM9_FatalityTargets) EM4_UrbanPop /709 228

EM5_LeadAgency 284 ,091
EM6_LeadAgencyFunded 226 ,073
EM7_NationalStrategy ,697 224
EMB8_NationalStrategyFunded ,626 ,201

EM9_FatalityTargets ,692 222
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Calculation of composite variables — Transport Demand and Exposure

Indicator loadings and coefficients on the
estimated factor (composite variable) on
Transport Demand and Exposure

Score coefficients

E1_RoadNetworkDensity 497 161

[[Comp_TE] = 0.161 (TET_RoadNetworkDensity) + 2 Motorways 460 149
0.749 (TE2_Motorways) + 0.238 (TE3_PavedRoads) + SR 734 238
0.272 (TE4_VehiclesPerPop) + 0.267 (TE5_PassCars) - E4_VehiclesPerPop 839 272
0221 (TEZ_PTW) - 0.117 (TE10_PassengerFreight) e 825 267

E6_VansLorries -132 -,043
E7_PTW -,681 -,221
E8_Vehkm_Total ,269 ,087
E9_RailRoad 136 ,044
E10_PassengerfFreight -,360 =17
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Calculation of composite variables - Measures

Indicator loadings and coefficients on the estimated factor (composite variable) on Measures

[Comp_ME] = 0.069(ME2_ADR) +

o
0.045(ME4_SpeedLimits_urban) + T — S EITEA
0.064(ME6_SpeedLimits_motorways) + ME2_ADR 681 069

ME3_SpeedLaw ,229 ,023

0.088(ME7_VehStand_seatbelts) + ME4_SEee SLints urban 3 o

0.091(MES_VehStand_SeatbeltAnchorages) + MES_SpeedLimits_rural 200 020
, ,

O' OQZ(ME‘Q— VehSta/’)C/_Fl’O/’)f/mpaCZ‘) + mig_\S/ZhS(::ndfseathIts : ,gij ,822

0.091(MET10_VehStand_Sidelmpact) + 906 091
: :

0.087(ME12_VehStand_PedProtection) + 891 090

- 862 087

OOQO(ME73_ \/ehSZLGl’)C/_Chl[C/SE?GZ‘S) + 896 090

0.068(MET5_BAClimits) + 0.068(MET6_BAClimits_young) 126 013

i - 670 068

+ 0.065(/\4E77_BAC/lmll‘s_CommefCla/) + 670 068

0.057(MET19_SeatBeltLaw_all) + 645 065

- : 297 030

0.063(MEZ20_ChildRestraintLaw) + 570 po

0.034(ME22_HelmetFastened) + 628 063

0.038(ME23_HelmetStand) + 0.038(ME24_MobileLaw) + igi 823

0.035(ME25 MobileLaw _handheld) + 379 038

- 375 038

O' O.BS(ME27_ID€HG[D/POH’7tsyst) * mgg_mobiletaw_handheld ,350 ,035

0.040(ME29_EmergTrain_nurses) ME26_MobileLaw_handsfree -.295 030

378 038
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Calculation of composite variables - SPIs

Indicator loadings and coefficients on the
estimated factor (composite variable) on SPIs

[Comp_PI] = 0.144 (PIT_SeatBeltLaw_enf) + 0.155 | s aa
(PI2_DrinkDrivingLaw_enf) + 0.152
(PI3_SpeedlLaw_enf)+ 0.160 (Pl4_HelmetLaw_eny)
+ 0.155 (PI5_SeatBelt rates_front) + 0.7146

P12_DrinkDrivingLaw_enf ,812 155

PI3_SpeedLaw_enf 795 152

(Pl6_SeatBelt_rates_rear) + 0.150 Pl4_HelmetLaw_enf 837 160
(Pl 7_/‘/@[/’7’7@1’_/’ ates_dr ver)+ 0.127 PI5_SeatBelt_rates_front 811 155
(PI8_SI_ambulance) + 0.116 (PI9_HospitalBeds) — EESEEEESE 766 146

PI7_Helmet_rates_driver , 784 150
PI8_SI_ambulance ,667 127

P19_HospitalBeds ,607 116
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~ Final Statistical Model

The optimal performing model for the
purposes of SafeFITS FelSmEtee

95% Confidence Interval Hypothesis Test
Std.
Error

Wald Chi-

» Dependent variable is the logarithm of the 1694 2737 1157 2230 3829 1 <00
fatality rate per population for 2013 5135 0646 -, 261 -,008 4,358 1037
-,007  ,0028 -,013 -,002 7,230 1 ,007
» The main explanatory variables are the 007 000 0B 00 56 1 0
respective logarithm of fatality rate in 2010 007 0051 -003 o7 209 1
and the respective logarithm of GNI per 769 0462 678 850 276,322 1 <001
capita for 2013 -091 0314 -153 -,030 8,402 1,004
 Four composite variables: the economy & 1379,00
management, the transport demand and 6
exposure, the measures, and the SPIs <001
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Statistical Model Assessment

In order to assess the model, a comparison of the observed and the predicted values was carried out:

« The mean absolute prediction error is estimated at 2.7 fatalities per population, whereas the mean
percentage prediction error is estimated at 15% of the observed value.

« The model is of very satisfactory performance as regards the good performing countries (low
fatality rate) and of quite satisfactory performance as regards the medium performing countries.

Predicted Fatality Rate 2013

0,00 10,00 20,00 30,00 40,00
Observed Fatality Rate 2013
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~ Statistical Model Validation

In order to validate the model, a cross-validation was carried out with two subsets:

« 80% of the sample was used to develop (fit) the model, and then the model was implemented
to predict the fatality rate for 2013 of the 20% of the sample not used

« 70% of the sample was used to develop (fit) the model, and then the model was implemented
to predict the fatality rate for 2013 of the 30% of the sample not used

Predicted Fatality Rate 2013

Validation on 20% of the sample
40,0
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- SafeFITS Model Demonstration

The overall model implementation | ) unece ssrs
includes 3 distinct steps: e

riervenion Geoup venenton Groip 2 Invenventon Geop 3 e SERCHO  Burveniee. I (viur 1. S 3
Econamy and S0onomy ans Ecomomy a0 frane
° Mansgemant Maragement Maragement BocESoa st (5t
* Step 1— Countries benchmar mesrl et eeso b e

» Step 2 — Forecast with NO new | = meee e ¢ _———

interventions mEE EmEe R ———

Fatalities - Current Trend, in 2025

. h & Interventions + Cunent Mc- re'm::;?"nafe‘:mii;;‘wmmseﬂ
» Step 3 — Forecast with S [ =

Interventions

y

Access the SafeFITS model at: https://unecetrans.shinyapps.io/safefits/
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Model Application for Serbia — Forecast with no new interventions

Analysis (@) UNECE SeferTs

The SafeFITS model is implemented for the - w e v
year of reference on the basis of GNl.and === === == L

demographic indicators projection -

IMervesice Group1  Invervenfon Group2  Invenvention Group 3 Wehtol{fn-B5): SmeDne e se" R e M— Se‘.»

Economy and Ecanomy and Economy and R
Management Manzpzment lézragement e hmiseCate -

National Road Safety Nesonal Rozd Sefety Nasonzl Rued Sfeny Perentle Diference

FO reca Stl n g re S U |tS m : m : m:% . Fatalities per Population - Comparaﬁ;l; Diagram

11,03 fatalities per 100.000 population are s s e g

forecasted for 2030 e
* Anincrease by 43% is estimated T s———

Faiaiics per Popsim B &8
1:

Fatality / 100,000 inhabitants

And Exposure And Exposure And Exposure
Road Network Densiy Foad Network Dessity Rozd Network Dersity
compared to 2013
Y€ SafeFITS . ,
Motoewaya (%) Motorways %] A 2015 2% 28 a0
Year

% Base Casz * Interverfion Set 1 & Irferverfion Sei 2% Infervention Set 3
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Model Application for Serbia — Forecast with interventions (1/3)

1st set of interventions

* increase of seat-belt law enforcement from 6 to 9
increase of helmet law enforcement from 8 to 9
increase of the seat-belt use rates in front seats
from 65,8% to 80%

in the rear seats from 3,1% to 25%

increase of the helmet use rates from 60 to 78%

Forecasting Results

 The fatality rate for 2025 is estimated at 10,06

* 5,9% lower than the respectively estimated fatality
rate in the base case scenario

-~

intervention Grogp 1

Economy and
Managemen

Natioral Soad Saizty
Stagy
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)

Fataly Reduction Taret
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Giotel
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Economy ard
Management

Katonal Roas Sefety
Swzegy

Fanted Strakegy
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Transport Demand
And Exposize

fned Network Darsity

Motorways (%

inverdening Groep 3

Etonomy and
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Kaional Roed Sefety
Strategy

Fanded Statpy

Fataity Reduction Terget
]

Transpoet Demand

And Bxposure

Rnad Netwock Densiy

Nooorweys (%)

nznzk

Varichle | [Yer =205} BassCazse  Imemventicn Set!  Infervastion Set2  Indervestion Seil

Fadids perPopision. 1048 106
Dfference fom Bese Case~ - 48 0@
Paperiis Difossacs 3 50

Fatalities per Population - Comparative Diagram

o

b M
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U@ SaieFITS
2015 2020 a5 2080
Year
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Model Application for Serbia — Forecast with interventions (2/3)

2"d set of interventions (@) UNECE SateFITS

- the implementation of a national road safety . o e e
strategy — A e
* increase of the percentage of motorways from — L5 == -
1,36% to 1,9% sisnsiimil omtiai b I e S
* increase of the percentage of paved roads e I ——
frOm 66,19% to 85% Sm B m . Fatalities per Population - Comparative Diagram
e introduction of the ADR law O SR -

N v o v ]

Fatality Reduction Tarpat Fatafity Reduction Target Fatakty Reduction Target

g —

Fatality / 100,000 inhabitants

Forecasting Results : .
- . . Transwz Demand Transpor D:\m ,'-’\ :'?;SE‘))(SD‘(-}SJ E'Erf;am
 The fatality rate for 2025 is estimated at 9,66  Zi=r =~ Mo .
* 9,6% lower than the respectively estimated e | 3 _‘
. . . Moforuays (%} Motorways (%1 Motorways (%) 2015 2020 2025 2000
fatality rate in the base case scenario ] = Y.

A
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Model Application for Serbia — Forecast with interventions (3/3)

3d set of interventions "j{} NECE SafeFITS
* the introduction in the national legislation 4 OUt e s me s
of 7 vehicle standards suggested by the UN: e st —
- seat-belts - - -
- seat-belt anchorages | [
- frontal impact and — T |
- pedestrian protection . o T
R PO
Forecasting Results woeems] Py —
* The fatality rate for 2025 is estimated at 9,29
* 13,1% lower than the respectively estimated f%ﬂ Iﬂ"%m Tﬂf@jﬂ
fatality rate in the base case scenario
r— bty

I I.S I

Varisbie | (fear=2025]  BeseCazse Imervenbion Sei1  inizrventon Set2  Imtervenbon Setl
Faia%es pes Popuistion 108 0% 3% ¥
CfeerceimnSessCase - 28 43 14
Perzends Ofiereate - S

Fatalities per Population - Comparative Diagram

a

=1

Fatality / 100,000 inhabitants

U8 SafeFITS
2015 2020 2025 230
Year

¥ Base Case + Infenvertion Set 1 & Infervenfion Set 2@ Infervention Set 3
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“Model limitations and future improvements

« The SafeFITS model was developed on the basis of the most recent and
good quality data available internationally, and by means of rigorous
statistical methods. However, data and analysis methods always have
some limitations.

« Data are primarily directed at vehicle occupants and thus, effects on
road safety outcomes of VRUs may not be captured.

» The effects of interventions may not reflect the unique contribution of
each separate intervention. It is strongly recommended to test
combinations of “similar” interventions (e.g. several vehicle standards,
several types of enforcement or safety equipment use rates etc.)

* The factor analysis procedure does not assume or indicate that a direct
causal relationship exists.

« The calibration with new data will be the ultimate way to fully assess the |
performance of the model.
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_ Benefits for the Policy Makers

» The first global road safety model to be used for policy support
* Global assessments (i.e. monitoring the global progress
towards the UN road safety targets)
* Individual country assessments of various policy scenarios

A framework which enhances the understanding of road safety
causalities, as well as of the related difficulties.

 Full exploitation of the currently available global data, and use
of rigorous analysis techniques, to serve key purposes in road
safety policy analysis: benchmarking, forecasting.

« An important step for monitoring, evidence-base and systems
approach to be integrated in decision-making.

T
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