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Object ive:  This paper makes a project ion of  the vehic le ownership rate to the year 2010 and to use th is project ion to predict  road accident
deaths in year 2010. The project ion served as an jndicator  for  the Malaysian government to achieve a 4 road accident  deaths per 10,000 vehic les
safety target  in year 201 0.

Method The study included the predict ion of  vehic le ownershrp and the analysis of  past  t rends in the road accrdent death rate.  Gompertz
growth model  was used to prolect  vehic le ownership and the predict ion ot  road accident  death rate was done using Autoregressive Integrated Moving
Average (ARIMA) model  wi th t ransfer  norse f  unct ion.

Resul ts and Conclusions:The Gompertz model  predicted that  vehic le ownership would be equal  to 0.4409 by the year 2010. The road acci-
dent  death rate is  projected to decrease lo 4.22in year 2010, at  an average decl ine rate o l  2.14'  per annum. This resul t  suggests that  a minimum
2.18% reduct ion per annum is required to achieve the nat ional  target  in year 2010.

Key Words:  Road safety target ,  Autoregressive lntegrated Moving Average (ARIMA),  Gompertz growth model ,  Vehic le ownership rate,  Transter  noise
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In the yeal 1996, the Malaysian government estab-
lished a 5-yeal national road saf'ety target to reduce road
accident  deaths by 30%by the year  2000r.  Dur ing the 5-
ycaf period, several road safety init iatives from national
to communi ty  levels  were in i t ia ted.  A ser ies of  in terven-
t i on  p rog ra rns  on  s t ra teg i c  i ssues ,  such  as  l ack  o f
conspicuity and protection, speeding, bad driving behav-
ior and unsafe road conditions, were proposed. An inte-
grated srf'ety program was intfoduced to both prevent and
redLlce future traffic accidents, as well as to reduce inju-
l ies dr-rring and aftef accidents. Strategies were ciitego-
r i zed  i n to :  ( a )  acc iden t  p reven t i on  and  reduc t i on ,  ( b )
injury control and (c) post injury reduction. Targeted tele-
v ised nrotorcyc le safety crmpaigns,  more st r ingent  t raf -
fic legislation, national accident blackspot programs, road
satety auditing, construction of new motorcycle lanes arrd
better plotection for motorcyclists were among the inte-
gral components clf this comprehensive approach.

By 200 l ,  the concerted ef for ts  resul ted an l lo /o,
10.7% and 297" decrease irr t l 're number of deaths, seri-
ous and slight injuries, respectively, in spite of a dramatic
increase in vehic le ownershin in  the same Der iod2.  The
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road accident  death rate dropped f rom 6.2 deaths per
10,000 vehicles in year 1999 to 5.6 deaths per 10,000 ve-
hicles in year 2001. However the nation's safety perfor-
mance is  s t i l l  far  behind wor ld-c lass standard,  which is
below 3 deaths per 10,000 vehicles. Hence, in year 2001,
the Malaysian government adopted a new national road
saf'ety target of 4 road accident deaths per 10,000 vehicles
by year  2010.

This paper makes a projection of the vehicle own-
ership rate to the year 2010 and to use this projection to
predict the road accident death in 2010. This was under-
taken using an Autoregressive lntegrated Moving Average
(ARIMA) model with transfer noise function, developed
to project road accident deaths in year 2010. The projec-
tion takes into account changes in population and the ve-
hicle ownership rate. The relationship between death rate
and population, vehicle ownership rate, are described uti-
l izing transf'er noise function in ARIMA analysis. Prior
to road accident death rate projection, the prediction of
vehicle ownership rate usir.rg the Gompertz growth model
was done separately. The projection may be served as an
indicator fbr the Malaysian Government to achieve the 4
road accident deaths per 10,000 vehicles safety target in
year  2010.
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2. QUANTIFIEO ROAD SAFETY TARGETS:
OTHER COUNTRIES' EXPERIENCE

Of all rncldes of transport, transpoft by load is the
rnost dangerous and rnost costly in terrls of human lives.
Although extensive efforls has beerr made in many coun-
lries in reducing both risk and the absolute number of ac-
c idents,  the present  r . rurnber of  acc idents is  s t i l l  far  too
high in  rnost  countr ies.  Inrproved road sat-ety is  achiev-
able if suitable saf'ety targets in respect to tinre f}anie. as
r.,n'ell as ambitiousness are adoptedr. This is supported by
EIv ika,  rvho pointed that  the best  per formance in road
safety was achieved bv countr ies wi th h ighly  ambi t ious
quanlif ied targets.

The European L ln ion countr ies wi th the best  road
safety records, such as Sweden, the Urrited Kingdonr arrd
the Nether lands,  were the f i rs t  to  set  c luant i f ied targets
to leduce the nurnber of victims to derive maximum ben-
efit f 'rom potential improvements in road saf'ety from in-
cleasecJ knorvledge, accurnulated experietrce and technical
prosress. It is bloadly accepted thal targetecl load saf'ety
prograrns are mol'e beneflcial in terms of eftectiveness clf
action. the rational use of public resources and reductions
in the number of people kil led and injured than non-tar-
geted prograrns.

In 1997, Sweden adopted an ambitious road saf'ety
prosranr to aim to achieve zero deaths and serious in;u-
ries orr the road fbr the country as a w,hole. The progranr
adcl resses a l l  arears in  which local  author i t ies and com-
panies have a leading ro le to p lay.  Systernat ic  improve-
Inents to the road network have been uncJerlaken to reduce
the sever i ty  of  acc idents.  and incent ives have been pro-
vicied irr conjunction with the private sector, to reduce the
derrrand lor load transport and thus the exposure of road
users to r isk.

Austrirl ia has adopted a national target to achieve a
40r i i  reduct ion in  Ihe number of  fa ta l i t ies per  100,000
populat ion.  f iom 9.3 in  1999 to no more than 5.6 in  20 10.
A series of two-year Action Plans wirs cieveloped to nroni-
tor the road safety ;lrogram and a revierv with recommen-
dat ions for  a new Act ion Plan is  requi red.  This target
provides a fl'amework fbr coordinating the road saf'ety ini-
t ia t ives of  the federal .  s tate,  terr i tory ancJ local  govern-
rnents arrcl of others capatrle of inlluencing road saf'ety
oLltcomes.

3. THE VEHICTE OWNERSHIP MODET

Growth irr vehicle ownership is often seen as an in-
evitable outcome of increasing per-capita Gross Dornes-
t ic  Product  (GDP)5.  In  th is  s tudy the Gompertz growth
model ,  proposed by Dargay and Gately6 is  usecl  to  de-
scribe the growth of vehicle ownership as a fur.tction of
per-capi ta GDP. The main advantage of  th is  ec luat ion
is  that  i ts  asymrnetr ic  s igmoidal  nature can f i t  a  vehic le
growth curve w'ell. It w'as proven to be highly efi-ective
in generating the growth curve and for relatirrg the im-
pact of variables on different vehicle ownership growth
phases. Of particular significance is that the Gompertz
growth functiorr allows a slow vehicle ownership _qrowth
in the lowest  per-capi ta GDP level ,  fo l lowed by an in-
c reas ing  ra te  o f  g l ow th  as  pe r - cap i t a  GDP r i ses ,  and
f inal ly  reaches a saturat ing level .  The vehic le o lvnership
model is expressed by:

V, = 0(y exp(a exp(BGDP))) + (1 - 0)V,-, ( I )

where l . ' ,  is  the rate of  vehic le ownership at  t ime t ,  0  is
the adjustment of vehicle ownership and per-capita GDP
growth (0<0<l ), and y is the asymptotic vehicle owner-
ship as t increases indefinitely. Parameters cx and B are
curvature pararneters. Analogously, the parameter G de-
termines the value of Gompertz growth function at per-
capita GDP is equal to zero and the parameter B plays a
role irr deterntining the per-capita GDP value i it vehicle
ownership saturat ion level .  The smal ler  the value of  B,
the greater the per-capita GDP at saturation level.

Long-run e last ic i ty  of  the vehic le per  populat ion
ratio with respect to per-capita GDP varies with economic
perfbrmance. Long-run per-capita GDP elasticity is pre-
sented as,

tt 'R = aF.GDp,F "u, (2)

Fitt ing of data fbr the Gompeltz grorvth nrodel was
performed by the Marquardt-Lebenberg algorithmT. The
algorithm calculates the regression coefTicient a, B, yand
0. The goodness of f it was checked by the estimation of
the regression coelficient, coefficient of determinant (R-
Scluare) and the associated p-values for the model param-
eters.
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4. ROAD ACCIDENT DEATH RATE
PROJECTIOl{ MODEL

Many stat is t ica l  methods are avai lable to expla in
accident-related variables, such as log-linear model, gen-

era l ized l inear  model  and r ru l t ip le- l inear  model .  Data
observed over  t ime usual ly  have st rong corre lat ions
alnong neighboring observations. Therefore the ordinary
met l ' rods are not  appropr iate for  th is  analys is  because
these methods assume that the observations over time are
independer.rts.

In  l ight  of  the problem associated wi th ord inary
rlethods, several researchers have turned to the ARIMA
model as a mearls to better predict accider.rt variables. The
ARIMA model is a useful statistical method for analyz-
ing longi tudinal  data wi th a corre lat ion a lmong neigh-
boring observations. This method has proven to be very

usefu l  in  the analys is  of  mul t ivar iate t ime ser iese- l i .
In  ARIMA arr i i lys is ,  there are two s imple compo-

nents fbr representing the behavior of observed time se-
r i es  p rocesses ,  name ly  t he  au to reg ress i ve  (AR)  and
nroving average (MA) models.  The AR model  is  used to
descr ibe a t ime ser ies in  which the current  observat ion
depends on its preceding values, whereas the moving av-
erage (MA) model  is  used to descr ibe a t ime ser ies pro-
cess as a l irrear function of current and previous random
errors. It is possible that a time series model wil l consist
of a mixture of AR and MA components. In this case the
series are said to be computed by an autoregresslve mov-
ing average process of order (p,q), where p and q are the
orclers of the AR and MA components, respectively. The
selection strategy for such models was developed and se-
l ec tec i  by  t he  Box  anc l  Jenk ins  me thod l r .  A  gene ra l
ARIMA model can be written as:

n , ,  ̂r  0 1 8 ) u ,
D . \ , = -  ^  ( - l i'  b  ( B \

rvhere a, is assunied to have white noise, B is the backshifi
operator ,  N represents stochast ic  par t ,  d  is  the order  of
regu la r  d i f f e renc ing  needed  to  ach ieve  t ime  se r i es
stationarity, arnd other parameters in the model are deflned
as follolvs:

o , , l B ) = l - 0 , * o . B t  - . . . - o o B ,  ( 4 )

Q , ' t n ) = l - Q , - Q . B ' - . . . - Q r B ' '  ( 5 )

r.vhele p7 . . .Qp are autoregressive (AR) parameters, 07 . . . 0,,
are movin_{ average (MA) parameters.
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ARIMA model  development  cot ' ts is ts  of  a three-

stage iterative process, which consists of identif ication,

model  parameters est imat ion,  and d iagnost ic  checking
of  the res iduals of  the f i t ted model l r .  In  the process of

identif ication, the first step is to determine whether the

time series is stationary or not stationary. If the series in-
dicates nonstationarity, the time series is f irst converted
to a stationary series by appropriate transfbrmative and

differencing operations. TheDickey and Fuller testi4 was
used to examine the time series data staionarity. The Aug-
mented Dickey-Fuller regression is given as fbllows:

I

) , ,  =  a*  P ! ,_ ,  *  B t+ \Q,Ay, , ,  +e ,  (6 )
r = l

where t is a time trend, y1 represents the road accident
death rate, A y'-1 is the lagged change in road accident
death rate, and q is a white noise enor term. Null hypoth-
esis  p=9 versus a l ternat ive hypothesis  p<0 was tested.
Failure to reject the null hypothesis is evidence that the
series y, is non-stationary.

At the identif ication stage, the appropriate AR and
MA parameters are found by examining autocorrelation
funct ion (ACF) and par t ia l  autocorre lat ion funct ion
(PACF) of  the t ime ser ies.  Autocorre lat ion and par t ia l
autocorrelation analyses were conducted on the station-
ary time series. Autocorrelation measures the uncondi-
t ional  re lat ionship of  va lues between t ime lags,  whi le
partial autocorrelation measures the conditional relation-
ship between ser ies observat ions.  Based on the charac-
teristics of ACF and PACF, a variety of possible ARIMA
models was established for the road accident death rate
in the first stage, and then estimated in the second stage.

In contrast  to  the ARIMA model ,  which descr ibe
the behavior  of  s ingle t ime ser ies,  ARIMA model  wi th
transfer noise function model can represent more com-
plex systems which are able to connect one series not only
wi th i ts  own past  va lues,  but  a lso wi th past  and present
values of other, related time series. In this study, ARIMA
with transf-er noise function was used to assess the effect
of vehicle ownership and population on altering the trend
ofthe road accident death rate (per 10,000 vehicles). The
general form of the transfer function ARIMA model com-
prises a part relating to the transfer function and a part
relating to the error terms, is defined as:

{  =  r ' , (B ) - t , ,  +  t , ,  (B ) - r , ,  + ,V ,  (7 )

where )'r is the road accident death rate, x11 is the explana-
tory variable (-rtr represents population number; .r21 rep-
resen ts  veh i c l e  ownersh ip )  and  lV '  i s  t he  s tochas t i c
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component  assumed to fo l low a general  ARIMA struc-
ture. In equation (7), r '1 (B) is the transf-er noise function
determining the nature of the influence of the backward
shift operator. Specifically r ', (B) can be expressed as:

r ,  r B )  =  l t o t B t  l d t a r l a '

where the numerator  can be expanded to o(B)  = (ab -

aB -  . . .  -  (o,  Bt) .  the denominator  can be expanded to
d(B) = ( l  -  618 d,  B ' ) ,  "s" ,  " r "  and b represent
the orders of the polynomials and the degree of season-
ality, respectively. Combining ecluation (3) and (7) yields:

. ,  a , q B t B  a . l B ) B "  0 r B )
Y  - - r ' ! - r '  ! - ,  . i l  .'  

d , ( n )  "  d ,  ( B )  - '  
Q @ )  

t  \ ' /

The ident i f icat ion of  a t ransfer  funct ion ARIMA
model was accomplished by calculating the sample cross
corre lat ion funct ion ( r^y(k))  at  var ious lags,  k ,  and then
comparing it to theoretical impulse response functions of
cliff 'erent orders in order to obtain some idea of the delay
parameter b and the orders r and s of the operators in the
transf 'er  noise funct ion between an output  and an input
series. In the niodeling effbrt presented in this paper, the
model error terrn was estimated using the least square es-
t imat ion methodl5,  i r r  which the least  square funct iorr  is
calculated v ia non- l inear  leasl -squares i terat ions.

Diagnost ic  check is  needed to determine the best
model  among the tentat ive 'adequate '  models.  A num-
ber of criteria fbr model comparisons have been proposed.
The d iagnost ic  tools  used inc lude the stat is t ica l  s igni f i -
cance of the parameters, the Box-Ljung (Q) statistic and
the Akaike infbrmation criterion (AIC). The best model
should have the lorvest  AIC value,  a s tat is t ica l ly  ins ig-
n i f icant  Q stat is t ic  at  a lag of  about  one-quarter  of  the
sample s ize.  Af ier  carry ing out  the complete ident i f ica-
t ion,  est imat ion and d iagnost ic  i terat ive scheme of  Box-
J e n k i n s .  t h e  f i n a l  A R I M A  m o d e l  c a n  b e  u s e d  f o r
predict ions of  the future road accident  death rate (per
10.000 vehic les) .

5. DATA

Registered vehicle number data from 1976 to 2001
wele taken from the Malaysia Traffic Police annual sta-
t i s t i cs2  wh i l e  t he  pe r - cap i t a  Gross  Domes t i c  P roc luc t
(GDP) and population data were obtained from the Cen-
tral Barrk of Malaysia.

Per-capita GDP and population projection figures
were obtained from Malaysia Third Outline Perspective
Plan 2001-2010'o. Per-capital GDP and population were
expected to grow at 2.3Vo and 7 .5o/o per annum between
2000-20 I 0, respectively.

6. RESUTTS AND DISCUSSIONS

6.1 Projections of vehicle ownership
Projection of vehicle ownership rate was made on

the basis of the Gompertz growth model of vehicle own-
ership described above and assumptions concernirlg popu-
lation and per-capita CDP growth. Fitted parameters fbr
all the growth models are shown in Table 1.

Table 1 Est imated parameters of  vehic le ownership
model

Parameter Parameter Definit ion Coeff icienl

Speed of adjustment 0.2671

Saluration level 0 . 9  6 2 1

Shape or curvature of the function 90.8862

Shape or curvature of the function 2.2921

R-square 0 . 9 6 1 2

(Signi f icant  level ,  p < 0.05)

The estimated Gompertz growth model for vehicle
ownership was significant at a significance level of 0.05.
The Gompertz growth model yielded the best f it to data,
as shown by the h igh Rr value (0.9612).  Based on the
Gompertz growth equation, the adjustment parameter, 0,
is  est imated to be 0.267,  ind icat ing rhaL26.1% of  the to-
ta l  r esponse  cou ld  be  a t t r i bu ted  to  pe r - cap i t a  GDP
changes in that particular year. The estimated saturation
level  is  0.96 vehic les per  populat ion and vehic le owner-
ship saturation occurs when per-capita GDP reaches 0.066
mi l l ion annual ly  (F igure 1) .

Value B determines the maximum per-capita GDP
elast ic i ty  level .  The smal ler  the B,  the greater  the per-
capi ta GDP required to reach saturat ion level .  ln  th is
analys is  B is  equal  to  90.8862 and maximum per-capi ta
GDP elasticity is estimated to occur when per-capita GDP
is 0.014 mi l l ion (F igure 2) .

The GDP is assumed to increase by 2.2o/c per year
for the entire fbrecast period'o. The resulting proJections
yie ld an est imate of  0.4409 vehic les per  capi ta l  in  year
2010 (Table 2) .  The est imated re lat ionship between ve-
hicle ownership and per-capita GDP is i l lustrated in Fig-
ure 3.

( 8 )
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Fig. 2 Estimated per-capita Gross Domestic Product elasticity for vehicle ownership

Table 2 Project ion of  vehic le ownership,2001-2010

os*$ to o o

2001

6.2 Projection of road accident death per 10,000 ve-
hicles
The results of the Augmented Dickey Fuller (ADF)

statiorrarity test are summarized in Table 3. The ADF test
stat is t ic  is  compared wi th the cr i t ica l  va lues f rom the
Dickey-Fuller distribution with a trend ar the 5Lk signifi-
cance level .  S ince the absolute value of  ADF stat is t ics
fbr road accident deaths series are more than the crit ical
value of  2.86.  Thus,  the nul l  hypothesis  of  the ADF test
is rejected. This result reveals that the road accident death
series is stationary.
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A diagnostic check was perfbrmed using Q-statis-
tic, which tests for the non-randomness of the residual
autocorrelations. The model had insignificant Q-statistics
at the 1,0a/o level, implying that the residual autocorelations
are independent. Hence, it may be inferred that the re-
sidual autocorrelations are not significantly dif-fbrent fiom
zero. The Box-Ljung arralysis implies that the model is
adequate.  This is  fur ther  enhanced by the lowest  AIC
value and the model parameters are significant at l}a/c
significant level (Table 4).

The road accident death rate is projected to decrease
to 4.22 in 2010, at an average decline rate of 2.14o/o per
annum (Figure 7). This result suggests that to achieve a
rrew national target of 4 deaths per 10,000 vehicles, the
decline rate has to be 2.l8o/c |er annum.

es 
".$ ""s tr& "-$ C

Fig. 3 Vehicle ownership est imation and project ion, 1976-2010

Table 3 Result of Augmented Dickey Fuller (ADF) test
for road accident death rate

Var iab le ADF stat ist ic 5% Crit ical value

Road accident death -4.123 -2 .86

From the plots irr Figure 4, the autocorrelation func-
t ion appears to be dy ing down exponent ia l ly ,  whi le  the
partial autocorrelation function cuts off to zero after lag
I , thus suggesting a Moving Average MA( 1) model.

The cross-cc'rrrelation plot between input and out-
put series shows a positive correlation at lag 0 (Figures

5 and 6). This result implies that the road accident death
rate increases wi th the growth in  populat ion and vehic le
ownership. Based on the above autocorrelation and par-
t ia l  autc>corre lat ion funct ior . rs  observat ion,  the ARIMA
rnodel with transf-er noise function is established as fol-
l ows :

1 0 1 . 0

1  2  3  4  5  6  7  B  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  1  2  3  4  5  6  7  I  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

Fig. 4 Partial autocorrelation (left) and autocorrelation (right) functions of road accident death rate
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Fig. 5 Cross-correlation functions of the pre-whitening
t ime series between road accident death rate
and populat ion ser ies
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Fig. 6 Cross-correlation functions of the pre-whitening
time series between road accident death rate
and vehicle ownership ser ies

Table 4 Estimation for the model of annual road accident death rate

Condit ional Least Squares Estimation

Parameter Estimate Std Error T-value Lag

Constant 3.0332 0.1  376 22.05
Moving  Average (1 ) -0.4288 0.2336 -1 .84

Popu la l ion 2 . 0 6 9 4  x  1 0  8 1  .4733 x  10{ 1 . 4 0

Veh ic le  Ownersh ip 1 . 8 8 2 5 0.5542 3.40
Q-Statist ic Prob Q (6)=  0 .869 P r o b  Q ( 1 2 ) = 0  8 9 7  P r o b  Q 1 t 8 ; = 6  4 3 5

(S ign l f  can t  l eve l  p<0  10 )

( ! q )
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q j ) O

- r
A L

< 5

1 8 . 0 0
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7. CoNCIUST0N

This paper prov ides the numer ical  context  for  rec-
onrrnendations fbr the reduction target of the road acci-
dent death rate for the year 2010 that was announced in
the Malaysian Road Safety Counci l  annual  meet ing in
2002.  The research inc luded the predict ion of  vehic le
ownership and the analysis of past trerrds in the road ac-
cicleut death rate. Projectior.rs of the road accident death
rale were undertaken fbr 20 l0 taking into account the as-
sun rp t i on  o f  pe r - cap i t a  GDP,  veh i c l e  ownersh ip  and
populat ion growth.

The Gornpertz  nroc le l  predicted that  the vehic le
ownership per  populat ion would be equal  to  0.4409 by
the  yea r  2010  wh i l e  t he  ARIMA mode l  w i t h  t r ans fe r
r . ro ise funct ion reveals that  a mir r imum 2.187a reduct ion
per anuum is  requi red to achieve the nat ional  tarset  in
year '  20 10.
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