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Abstract
1. Research goal

This research focused on examining the over time developments of road safety in
Israel, in order to identify the time points in which positive changes occurred, i.e. a
decrease in the number of road accident fatalities and casualties and in accident
numbers, while accounting for the changes observed in the level of exposure. The
time points found with a positive change - a decrease in risk level (number of
fatalities/ casualties/ accidents related to exposure) allow to identify the safety
interventions which were implemented in close time proximity to these time points

and therefore, probably contributed to the improvement of the level of safety.
2. Mapping safety interventions

As a first stage in the research, an extensive mapping of safety interventions in Israel
was conducted. Among the safety interventions included in the database of the
research were: changes in transportation regulations regarding safety vehicle
accessories, restrictions to young drivers, enhancement of the regulations for driving
under the influence of alcohol and more, as well as significant improvements in road
infrastructure, large scale enforcement operations, vehicle improvements,
improvements in the rescue services, etc. The information was collected for the years
1970-2008, based on the publications of the Central Bureau of Statistics, the
transportation regulations booklets, in their various versions, and other literature
sources. The choice of interventions for further investigation was based on literature
findings about the efficiency of similar interventions in the world, the existence of
effect examinations carried out under Israeli conditions, the actual level of
implementation, etc. In order to complete the list of interventions that could affect the
safety conditions in Israel, a questionnaire was sent to a number of Israeli road safety
experts. The final list of important safety interventions in Israel was presented on a
chart with a timeline, where additional curves represented the numbers of fatalities

and casualties in road accidents in Israel and background events.
3. Development of statistical models

The examination of road safety developments in Israel was performed by means of
fitting statistical models both for general series of the numbers of road accident
fatalities and casualties and for more detailed series such as: fatalities on urban and
rural roads, pedestrian fatalities, fatalities and serious casualties among young
drivers, fatal and serious single vehicle accidents, fatalities and casualties in light

vehicles. Kilometrage and its substitutes (e.g. the number of registered vehicles in
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the country, the number of private vehicles and the population size) were used as
exposure estimators. The analysis of general series was done for the years 1951-
2008, and of detailed series - for the years 1970-2008, 1980-2008. For most of the
casualties' (fatalities', accidents') series, a number of analyses was preformed, using
different exposure estimators. In total, 45 series of casualties/ fatalities/ accidents

with relation to exposure, were analyzed.

For the data analysis and fitting the models to express the relationship between the
exposure and injury, and hence, to identify the time points with a positive change,
two methods were applied, which are:

(a) Describing the over time development of injury rate (casualties/ accidents
devided by exposure), using "broken regression" models. Having the models

fitted, the meanings of the break-points found could be examined.

(b) Fitting structural time series models. These models are used to estimate the
components of the level and slope of the linear trend local model and model's
residuals, where this can be done excluding known explanatory variables (e.g.
the exposure). Using these models, development forecasts were built and
changes in the development of series were examined starting from specific time
points. These time points were determined based on former knowledge regarding

the timing of introducing important safety interventions.
4. Findings

Based on the examinations of positive changes in the safety processes analyzed
using the models, it was found that improvements in the numbers of fatalities/
casualties/ accidents in Israel (excluding exposure changes) can be associated with

following safety interventions:

(1) 1975 where the law obligating the use of safety belts was introduced - an

expression of the effect on total number of fatalities was found;

(2) 1987 where enhancing the law obligating the use of safety belts took place - an
expression of the effect was found on total number of fatalities on urban and rural
roads (though a late effect - in the year 1989), the number of single-vehicle fatal
accidents on rural roads and the number of single-vehicle serious accidents on rural

roads.

(3) 1991 where the National Traffic Police was established - a possible effect was
observed on serious single vehicle accidents on rural roads (though the relationship
is unclear and the intensity of the police activity is unknown).



(4) 1995 onwards - the beginning of the time period where urban infrastructure
changes were introduced together with improvements in post accident care of
casualties. An expression of the effect was seen on total number of fatalities, the
number of fatalities on urban roads (though a late effect - in the year 2000), the
number of pedestrian fatalities (also a late effect, if at all, in the years 2002-2004)

and the total number of light vehicle casualties (in the year 1997).

(5) 2003-2005 - improvements in road infrastructure (increasing use of safety devices
on roadsides); adding technological improvements in vehicles (passive safety);
enhancement of regulations and activities regarding young drivers; increasing the
awareness of road safety issue. This set of safety interventions was found to have
positive effect on many processes, such as: the total number of fatalities, total
number of casualties, total number of serious and light injures, total number of injury
accidents, total number of fatalities on rural roads, total number of fatalities on urban
roads, total number of pedestrian fatalities (an effect in the years 2002-2004), total
number of young drivers' fatalities (an effect in the year 2004), total number of young
drivers' serious casualties (an effect in the years 2002-2004), total number of fatal
accidents with single vehicles on rural roads (an effect in the years 2003-2004), total
number of serious accidents with single vehicles on rural roads (an effect in the year
2003), total number of serious casualties in light vehicles (an effect in the year 2004)
and total number of all casualties in light vehicles.

5. Conclusions

For most positive changes in safety developments in Israel which were identified
using the models, relations to the safety interventions implemented in time proximity
to the changes were suggested. However, not always the findings of the analyses
were "up to the expectations". For instance, from the safety interventions collected,
an explanation could not be suggested to the positive changes found in specific
years in the numbers of fatalities and serious casualties among young drivers,

pedestrian fatalities and light vehicle fatalities and casualties.

This study provided a first glimpse to the over-time changes in the level of safety in
Israel, accounting for various components of the phenomenon. For a deeper
examination of the developments one should focus on the analysis of selected safety
interventions, while examining in parallel the changes that occurred in the series

under consideration compared to the control series.
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linear Gaussian ) oixa 7w D"X1'7n D'7TIAN RO 72V NI'MY NNTO NINY NIV'Y -
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w197 o'nan (0'an) 0Nt nirmy ninTo v (decomposing)
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.NIN1IY7 Y0 T W1 NINfLAN 1M 7w NIFMY NNTo N .2
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NNTON) D'2'0ANAR-0'TN DN [ (NI'Y'?220 NNTON) DM2'0ANARN DN [N NINJ)
NIYI9'NN NN 127 N9'WNN NN 2 WP 'Y NI NINT? 01D n9'Rwn (Nin'7unn
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N0 NfAYNN

NNTON 1Ay (NIYas' Nind) [12'0 NINY W1 NI'77dN NINTOA (12'0 NN NIMAY7 qom L,pY?
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Dupont, nx XnaIT? NX1) N1IANN2A NIN'VA 'NIN'A NI N721AN NNNNN NN DRT NNANN

112N 7T 1793 T NoNI NrIY QXY (DTN AW NRT nnnn? (2007 ,Martensen

QY2 MY NYNANYN NIYaol N9'WN |2 TWpn 1017 0'97TinN NXNNYI 0RIMIN NINAY
19 7y (N9'WN PN NRIXN /D'WAD1) NIYADAN NIY'Y NINNSNN JIRKN NN DIYRIN DY
win'y nwya .(broken line regression models) n*o1a1 7w n'yolpn 0 TINA wWIN' N AT
NNAWN NITIZ WIS |IN 00PN DY TIN InkNn Nwornn R 7w segmented n'voa
NNXNN INK? NI7NY NINAN NIMRY N7 ANKT? W' 077NN NS 170N NImkNnn

172MmY Nrawn NIRRT NI2'oN NIX a7 no1 X 07 TINN
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D'N¥N1 NIN'D 7w N (SWOV jipnan Dpinn NN ,XNaIT?) Niann? nmy'in
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Unobserved “w D™MTm pDiwr n'R'¥2190P8k nnownn oM 1y Components
NI'D0Y NAYKRY NTIAY NN DRT N7 .R-1 SAS > nrronmvo nidima Components
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N'0M1N W DyLIpN D'7TINA WIN'Y 1IN NIYA9' NIY'Y 7w ninnonn nin1 .4.2
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NYOXD TA71 NNX DT Y'¥n KIX NIl D1Avn NITpa 1900 nyfaph? o'Rnn 1N
N7 V19'w7 |nann 9w (p-value) nignam nnl 2y N nATo 7% ,jnann N1tva vt

.Y NYXIMN NTIRIN W1 (Mznam nYfaw orp 7y vaasn p-value<0.05 W"wXd) viayp
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NNAN 'N'Y 7Y NIWN DNIXK DY 1'AT ,NNMAWN NITIRIA NANa NIFpY DY 0'Wasin NNTo -

aoon 70 ;(1998) nixkna 0'vavin 190n 0 N ,01IYN N9'WNN ‘T DY D'NININ 7221

.(1998) 77 1512 n'waoan 1o ;(1994) nrwy nan oann ;(1998) Y71 nwiz 1NIKa D'waoIn

70,7771 NWR JNIXA D'WA9IN 1901 10 ,NIINNA D'YADIN 190N O :D'WA9IN NINTO ' PNM)

wI7w 1y LP71 D'YADI DY NRIRNN 77D 7w NY9INN NNIK DX NITOXNN - 77 210712 D'Wa9In

['2,V1217 n'7212' 1998 miwa nrawn NI L1998 Miv - N'awn NTIRA ANIR NRYN1 NNTON

.(:'ﬂUEJ)’]J NOIPNN NNIX] 12N)INY D'YA9] DY NNIRN 2V nurTn Mi'wn N

TNIYA9'NN NIY'Y NNTOQ NNX NN'AW NTIRA DI N1'NaN 0'Rx¥nnn 0'o 4.1 n7av

1980- MY NI 1951- nNY NI nToN NIvnwn nTon oW | 'on
2008 | pawan¥In 2008 | pawa nyxin
p-value 1980-2008 p-value 1951-2008
0.079 1987 <0.01 1983 nyviol7 ona DaNNN 190N 10 LR_Fat_KTT 1
Pnam X4 nmvn
<0.01 1998 <0.02 1979 0N NNIXNA 0'VA91N 190N 10 LR_ALLInj_KTT 2
N'NIYN NVI017
<0.01 1998 <0.03 1979 7771 NYR NIIXA 0'WA9IN 190N 10 LR_SSInj_KTT 3
N'NIYN Y1017 ona
<0.01 1993 <0.03 1998 OoN'1 0'Yadl DY NIIKNN 190N 10 LR_Totlnj_KTT 4
N'NIYN NYVI017
0.077 2001 0.776 1971 251 75 107 on'a naNNN 190N 10 LR_Fat_MVT 5
pnam X7 Pnain X7 N1'TN2 D'MIvN
<0.01 1998 <0.01 1982 707 0N NNIKNA 0'VA91N 190N 10 LR_ALLInj_MVT 6
N1TNa D'IvY 20 '
<0.01 1998 <0.01 1982 771 NP NIIXA 0'W2A91N 190N |0 LR_SSInj_MVT 7
N1"TNa D'IY 21 70 107 ona
<0.01 1995 <0.02 1982 0N 0'Ya91 DY NNIKNN 190N |0 LR_Totlnj_MVT 8
N1'TN2 0'MIYI 201 7D 104
<0.05 2001 <0.01 1982 211 75 107 on'a naNNN 190N 10 LR_Fat PVT 9
N1'TNA D'NIYIY D'01D
<0.01 1998 <0.01 1982 707 oN'a NIIXNA 0'YA9IN 190N 10 LR_ALLInj_PVT | 10
N1'TNQ D'AIYIY D019 2 ')
<0.01 1998 <0.01 1982 7{71 NY? NNINA D'Y2A9IN 190N 10 LR_SSInj_PVT | 11
D'MIYIY D"019 1D 75 107 ona
N1 TN
<0.01 1995 <0.01 1982 0N 0'Ya91 DY NINIXNN 190N |0 LR_TotInj_PVT | 12
N1"TN2 D'NIYIY D''019 20 7 107
<0.01 1995 <0.01 1971 77127 on'a n'aNnn 190N 10 LR _Fat Pop | 13
N'0I7IXRN
<0.01 1998 <0.01 1960 77127 ON'2 NNIKNA 0'YA91N 190N 0 LR_ALLInj_Pop | 14
N'0I7IXRN
<0.01 1998 <0.01 1960 7{71 NY NIINA 0'W2A9IN 190N 10 LR_SSInj_Pop | 15
N'oIIXRN 77127 0N
<0.01 1995 <0.01 1965 0N 0'Ya91 DY NINIKNN 190N |0 LR_TotInj_Pop | 16
N'oIIXRN 77127
<0.01 1995 - -- oN2 NINN'Y X7 D'DITA D'ANN 190N LR_RurFat_KttRur | 17
NN K7 NI017
0.282 1981 -- - ona NN 0DYT2 DANN 190N LR_UrbFat_KttUrb | 18
Pnam X7 NN NYIo1?
0.235 1995 -- - NN NYI017 ona 721 DY7In 0NN LR_PedFat KttUrb | 19
Pnam X7
1 1987 -- - N'MIYN NYI1017 on'a 721 D710 0NN LR_PedFat KTT | 20
Pnam X7
0.192 1981 - - 251 75 707 on'a 721 171N DaNN LR_PedFat_MVT | 21
nam X7 N1'TNa D'MIvN
0.096 1981 -- -- 211 73 107 N0 720 DN DaNN LR_PedFat_PVT | 22
naim X7 N1'TN D'IYIY D'019
<0.02 2001 -- -- 71127 on'a 720 D710 DANN LR_PedFat_Pop | 23

N'OI7INN
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1980- MY NI 1951- nN"v NI nToN NIvNwn mTon DY | 'on
2008 | pnwa nu¥In 2008 | pawa nyxin
p-value 1980-2008 p-value 1951-2008

<0.01 1994 -- -- ny1017 0N DMWY DN DANN LR_YKIIl_KTT | 24
n'Mvn

<0.01 1994 -- -- 257 75 707 oNa DM'YY 0'AN DANN LR_YKIll_MVT | 25
N1'TN2 D'MIYD

<0.01 1994 - -- 251 75 707 0N DMI'YY D'AN DANN LR_YKIl_PVT | 26
N1'TNA D'IYIY D'U1D

<0.01 1994 - -- 77127 oN'2 DMWY 0'ANI DANN LR_YKIll_Pop | 27
N'0IDINN

0.081 1988 -- - 0oN' DMI'YX D'AN] NW7 0'Y2a9] LR_YSInj_KTT | 28
nam X7 N'NIYN NYVI017

<0.05 1991 -- -- 707 0N DMWY D'ANI NW7 D'VA9 LR_YSInj_MVT | 29
N1TNa D'NIvl 20 "D

<0.05 1991 -- -- 707 0N DMWY D'ANI NW7 D'VYA9 LR_YSInj_PVT | 30
N1TN] D'AIYIY D01 2N ')

<0.01 1991 -- -- 77127 on'a DM'WX 0'AN] DY D'YA9) LR_YSInj_Pop | 31
N'0I7IXRN

<0.01 1981 -- -- DDA T'A* 200 oy nimop niikn | LR_SFatRur_KttRur | 32
N2N'Y X7 NYI1017 on'a NNy X7

<0.01 1990 -- -- X7 D'DITA T'N' 201 DY NIYR NRIKN LR_SSRur_KttRur | 33
NN X7 NY1017 on'a NNy

<0.01 1993 -- -- N'MIYN NYI017 0NA 77 2212 DNN LR_KIllLt KTT | 34

<0.01 1993 - - 251 75 707 ona 77 1012 0NN LR_KillLt_MVT | 35
N1 TN D'MIvN

<0.01 1995 -- -- 151 75 7107 ona 77 1012 DN LR_KillLt_PVT | 36
N1"TNA D'IYIY D'O19

<0.01 1995 -- -- N'0I721XN 77127 on'a 77 2012 DN LR _KillLt Pop | 37

<0.01 1990 - -- ny1017 0N 7j7 10712 NWj D'WA9) LR_SInjLt_ KTT | 38
n'nMvn

<0.01 1993 - - 75 710% on'a 77 21072 W DA LR_SInjLt_MVT | 39
17N D'NIYY 0N

<0.01 1993 - - 75 70% on'a 77 21072 YR DWW LR_SInjLt_ PVT | 40
N1"TN2 D'MIYIY D"'V19 AN

<0.01 1993 -- - 77127 ona 7j7 21011 NYR D'aAM LR_SInjLt_Pop | 41
N'0IdINN

<0.01 1998 -- -- Y1017 0N 77 210712 0'Ya910 10 LR_TotInjLt KTT | 42
n'Mvn

<0.01 1998 -- -- 75 707 on'a 7j7 21012 0'YaLIn |0 LR_TotInjLt_MVT | 43
17N D'NIYY 0N

<0.01 1998 -- -- 25707 on'a 77 25712 0'Wa9IN 10 LR_TotInjLt_PVT | 44
N1'TNA D'MIYIY 0"'019 A

<0.01 1998 - -- 77127 on'a 77 2512 0'Ya9IN 10 LR_TotlInjLt_Pop | 45

N'OI7INN

NNV NITIY 190N DY D'YVIN DY TIN NNRNA .4.2.2

1980- nawn 7w NoIpENY IMKNIN D'7TINN .NNMAW 1900 DY 77N DRNIN NNT'0 727 ,nT 2w

2004 ,2001 ,1995 ,1987 nnwa NIMWOX NI'M7NNN "W NITIRI WwXIn a1To 727 .2008

wUNnwn 2usimn pnNINTRN .(2 719 AKX - NI'MINN NIN'02 NIMAYNIN INIT [NAY DIYUN n‘m)

NnNTOoNN ,7'7n1 JIM7N'09IRN NNavwn NITZY DX D'RNNI NIM7nNnn NNfavn NIt

NYXIN D78 DN 021NN DINNY YINA NN2Y NITIR O'RNN XINY DIYN ,7¢U01 DNNIRYRN
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®pavm ,n1T0 73 1w ,0'7 TN NIN'on 0V

,DVID'WN "TAR 7 |pnn NRAY [ (est) pwopn w19y nx N770n N2 - "Slope(o)" (1)
yaxn "2"-3 9 t 1w wiowh 95% 7w no nnna no nin 7w vt innn 71221 t 'uorvvo
7w [I"72v1 INNN 7122) 09X 7vn 1710 X¥N1N N0 NN .YLPN 09NN 702N MWD VID'W 7Y
TIXY? [12'02 NEnam N7 NI NEnam NN nnan 7y yaaxn L(09X 7vn qno nin
TNIXYT [12'02 NENAIM AT 72V nyaxn 0987 NNNNA 1710W N0 NN TR .AARNNN DN9IZNN

AN'RNNA N9 NN

no nin — "Confidence intervals for the breakpoints in the segmented model" (2)
¢ Imnnnt r2vn 7220 on CI(95%).1 ClI(95%).u qtwuxd ,Trn xin Est .nnawn nimin?t

.Qnon nin
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Smoothed Level Component for LSSInj
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16: dep=LTotInj exposure=LPOP
The UCM Procedure

Final Estimates of the Free Parameters
Approx Approx
Component | Parameter Estimate Std Error t Value | Pr> ||
Irregular Error Variance | 7.28111E-7 | . . .
Level Error Variance | 0.00543 0.0011639 | 4.66 <.0001
LPop Coefficient 2.01806 1.14396 1.76 0.0777
Significance Analysis of Components (Based on the Final State)
Component DF | Chi-Square | Pr> ChiSq
Irreqular 1 0.00 0.9958
Level 1 0.66 0.4175
Slope 1 1.45 0.2287
Fit Statistics Based on Residuals
Mean Squared Error 0.00646
Root Mean Squared Error 0.08040
Mean Absolute Percentage Error 0.68250
Maximum Percent Error 1.49566
R-Square 0.88057
Adjusted R-Square 0.87785
Random Walk R-Square -0.12677
Amemiya's Adjusted R-Square 0.86971
Number of non-missing residuals used for
computing the fit statistics = 46

Residual Diagnostics for LTotlnj
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Residual White Noise Test P-Values for LTotInj
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LTotinj

Forecasts for LTotInj
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