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ABSTRACT
The data used in this study covered the period of 1981-2015. The data represented yearly accidents, injuries,
fatalities, registered vehicles and population. The analysis of accident forecasting was concerned with building
regression models for the prediction of accidents until 2030. In brief, the regression models could predict the
yearly numbers of registered vehicles, accidents, injuries, fatalities and financial cost of accidents according to
five models. Simple linear regression model, curve regression model and Smeed’s equation model were
performed in the analysis. All regression models were good with high coefficients of determination (R2) that
ranged from 99.3% as the highest value for registered vehicles’ model to 79.1% as the lowest value for fatality
rate model with significant parameters under a confidence level of 95%.
Regarding forecasting these models for the period 2016-2030, the prediction rates of accidents in 2030
exhibited good improvement in general when compared with the rates of 2015. The rate of injuries per 1,000
accidents and number of fatalities per 1,000 accidents are predicted to go down by about 77 injuries and 2
fatalities from 2015 to 2030, which indicates good behavior in traffic safety measures.
KEYWORDS: Traffic accidents, Regression, Smeed’s equation, Prediction, Safety.

involving a motor vehicle took place. Irish scientist
Mary Ward died when she fell out of her cousin’s steam
car and was run over by it (Offaly Historical and
Archaeological Society, 2007). After one hundred years,
in 1969, various societies developed around the world,
as the number of registered vehicles increased
dramatically. The number of fatalities and injuries due
to traffic accidents increased as a result too. British road
engineers studied the circumstances of deaths from
accidents as reported in various states before the
widespread introduction of 55 mph (89 km/h) speed
limit and drunk-driving laws (Leeming and Mackay,
1969).
The health effects of traffic accidents clearly appear

INTRODUCTION
In general, traffic accidents are defined as a vehicle
colliding with an obstacle or a solid object, such as:
another vehicle, a pedestrian, a sign on the road, a pole,
a tree, …etc. Traffic accidents may result in injuries,
fatalities or only property damage. Factors contributing
to traffic accidents include vehicle design, speed,
geometry design, road environment, driver skills, driver
behavior, pavement condition and weather conditions.
On 31 August 1869, the world’s first road death
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coefficient of determination was 94%.
Gharaybeh (1994) presented a study about the
application of Smeed’s formula to assess the
development of traffic safety in Jordan. This
relationship between rates and motorization level was
emphasized by Smeed at first, then by Jacobs and
Fourcre. Smeed’s equation was implemented in the data
and the result of regression technique showed significant
parameters of equation (a = 0.000168 and b = 0.99).
Goodness of fitting was high with a determination
coefficient (R2) equal to 93%.
Al-Masaeid (2009) discussed the traffic accidents’
situation in Jordan through studying and evaluating the
characteristics of traffic accidents and safety impact of
Policy Law (2008). The results showed that traffic
accidents increased dramatically during this period.
Fatalities continued to increase over the years while they
continued to decrease in other countries.
Al-Omari et al. (2013) studied traffic accident trends
and characteristics in Jordan over the period (19982010). This study provided some models of traffic
accidents and fatalities with the motorization level as a
predictor variable. The first model has a high goodness
of fit (R2 = 97%), which represents the number of
accidents per year as predicted by motorization level per
year (registered vehicles per 1,000 population). The
second model represents the number of fatalities per
year, which is predicted by motorization level in cubical
regression model with (R2 = 68%). Another model that
refers to Smeed’s equation, where R2 was 87%, was also
used.

to be either psychological or physical. Psychological
trauma may affect the individual’s ability to work and
take on family responsibilities, while the physical effect
may lead to human as well as economic losses,
especially through injuries or fatalities resulting from
traffic accidents.
The global economic cost of traffic accidents was
estimated at $518 billion per year in 2003, $100 billion
of this cost being spent in developing countries (WHO,
2004). There are few global estimates of the costs of
injury, but some studies carried out in 2010 suggested
that road traffic accidents cost high-income countries
approximately 3% of their gross national product. This
cost rises to reach 5% in low-income and middle-income
countries (UNGA, 2003).
Jordan, like many other countries, suffers from
traffic accidents in the form of both economic and social
losses. Jordan is classified as a middle-income country,
where traffic accidents are considered as one of the
major causes of death. According to Jordan Traffic
Institute (JTI) in its last report (2015), Jordan had
111,057 accidents, 16,139 injuries, 608 fatalities and
275 million JD of financial cost. Thus, this study is
conducted in order to evaluate and forecast traffic
accidents in Jordan to determine the future problem of
traffic accidents.
Al-Eideh (2016) provided an analytical study of
traffic accidents and violations in the State of Kuwait.
The study aimed to study traffic accidents and resulting
fatalities and injuries, as well as resulting economic loss.
The analysis of data was based on using the Statistical
Package for Social Sciences (SPSS) software to produce
regression models with high quality of fit to predict the
period (2014 to 2020).
Obaidat and Al-Masaeid (1992) studied the
development of a model which estimates fatality rate by
Smeed’s equation, which is based on the relationship
between motorization level and fatality rate. By this
model, fatality rate can be predicted through
motorization level. The results of regression analysis
showed that the relationship between variables was
significant at a confidence level of 95%, where the

DATA AND METHODOLOGY
Data Sources and Collection
The data used in this study was obtained from
various sources and covered the period of (1981-2015).
Characteristics of traffic accidents were obtained from
analyzing the data. Yearly analysis, especially in
regression models, was applied for the period of (19812015), where data represented yearly accidents, injuries,
fatalities, registered vehicles and population. Authorities
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yearly prediction for injuries and fatalities. The Smeed’s
equation is shown below.

that were the sources of data are Department of Statistics
(DOS), Jordan Traffic Institute (JTI), Public Security
Directorate (PSD), Central Traffic Department (CTD),
among other authorities concerned with traffic
accidents.

=

+

+

= 1, 2, … ,

(1)

where:
: is the response or dependent variable in the i th
observation;
: is the value of the independent variable in the i th
observation;
and : are parameters of regression function;
′ : are the error terms in the ith observation and are
independent N(0,σ2).
Other analytical techniques were also implemented
in the regression analysis, such as the linearization
techniques used to find Smeed’s parameters used in the

Subject

(2)

where:
: is the number of accidents’ fatalities in a specified
year;
: is the number of registered vehicles in thousands in
that year;
: is the population in thousands in that year;
and : are parameters of Smeed’s equation.
Equation 2 consists of fatality rate represented by the
number of road fatalities per number of registered
vehicles (F/V) and motorization level represented by the
number of registered vehicles per population (V/P). In
the same equation, the fatality rate term is replaced by
the injury rate (I/V) to predict the yearly number of road
injuries by the same procedure.

Analytical Forecasting Techniques
The forecasting technique predicts a yearly traffic
accident situation regarding number of accidents,
number of injuries, number of fatalities and amount of
financial cost due to accidents. The calculations were
performed by producing the regression models using the
SPSS software. The majority of regression models are in
the form of a simple linear regression as shown in the
following equation.
=

×

RESULTS AND DISCUSSION
Table 1 presents some descriptive statistical
measures and confidence intervals for traffic data used
in the regression modelling.
All the subjects in this table are predicted by five
regression models based on their values per year. The
models are established using the Statistical Package for
Social Sciences (SPSS) that represents a statistical
analysis software program.

Table 1. Some descriptive statistical measures and confidence intervals for traffic data
95% Confidence Interval
Sample Size Min. Value
Max. Value
Mean
St. Dev.
Lower
Upper

Vehicles

35

156,924

1,412,817

556,985

382,460

450,649

663,321

Accidents

35

13,567

142,588

56,264

42,058

44,571

67,958

Injuries

35

8,178

19,015

13,992

3,845

12,923.43

15,061

Fatalities

35

355

992

600

178

550.69

650

Financial
Costs (JD)

15

160,000,000

314,500,000

217,349,853

269,250,146

243,300,000 46,859,898
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registered vehicles in thousands per year is shown in
Equation 3 and plotted in Figure 1. The SPSS results are
shown in Figures 2, 3 and 4 and Table 3. According to
ANOVA analysis, the model is significant with F equal
to 2252.4 and is satisfactory according to residuals’
analysis, normality and autocorrelation requirements as
shown in Figures 2, 3 and 4, respectively.

Results of Models
The technique followed in the modelling part is
based on determining the best five regression models
according to the significance of each model under a risk
level of 5% and coefficient of determination (R2) when
the dependent variable is Yi and the independent
variable is Xi. Thereafter, the regression model chosen
depends on the forecasting trend and residuals’ analysis.
Here, the first model represents the number of
registered vehicles per year that is predicted by the years
of study. In this model, the population growth rate, the
economic situation and the community development
were not taken into consideration.
The quadratic model that estimated the number of

Registered Vehicles (×103)

Observation

.

= 254.385 − 17.688 +1.458

(3)

Yveh: is the dependent variable that represents number of
vehicles in thousands per year.
Xi: is the independent variable that represents number of
years (X=1 for 1981 and so forth).
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Figure (1): Trends of the best three models for number of registered vehicles over the period 1981-2030
Table 2. The best five models for number of
registered vehicles per year
Rank

Model

R2 (%)

1

Cubic

99.6

2

Quadratic

99.3

3

Exponential

97.7

4

Linear

87.0

5

Power

75.7

Figure (2): Results of SPSS for number of
registered vehicles’ model (residuals’ analysis)
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Figure (4): Results of SPSS for number of registered
vehicles’ model (partial autocorrelated function of
model)

Figure (3): Results of SPSS for number of
registered vehicles’ model (normality of data)

Table 3. Results of SPSS for registered vehicles’ model

R
0.996

Regression
Residual

Xi
Xi2
(Constant)

Model Summary
R Square
Adjusted R Square
Standard Error of the Estimate
0.993
0.993
33.109
ANOVA
Sum of Squares
df Mean Square
F
Sig.
4938288.8
2
2469144.4
2252.4 0.000
35079.6
32 1096.2
Coefficients
Unstandardized Coefficients

Standardized Coefficients

t

Sig.

B
-17.688
1.458
254.385

Beta
-0.474
1.449

-7.760
23.734
14.294

0.000
0.000
0.000

Standard Error
2.279
0.061
17.797

Similarly, models for accidents’ number, injury rate,
fatality rate and financial cost per year were developed
and results are summarized in Table 4. The selected
regression models are as follows: linear without constant
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for accidents’ number, Smeed’s equation for both injury
rate and fatality rate and linear for financial accidents’
cost. The residuals’ analysis and the SPSS outputs for
these models were also considered.
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Table 4. Models’ summary
Accidents’ number model (Y=Accidents, X=Registered Vehicles)
Equation

.

SPSS
Results

YAcc.:

represents number of accidents in thousand per year.

Xi.:

represents number of vehicles in thousands per year.

R2

n

Std. Error of
ANOVA
Coefficients
the Estimate
F
Sig.
Xi
0.959
14.294
802.674
0.000
(Constant)
Injury rate model (Y=Injury Rate, X=Motorization Level)
.
= 1.875
.

35
Equation
YInj.Rate.:
Xi.:
SPSS
Results

n
35

R2

Std. Error of
ANOVA
Coefficients
the Estimate
F
Sig.
log(Xi)
0.929
0.055
431.856
0.000
(Constant)
Fatality rate model (Y=Fatality Rate, X=Motorization Level)
.

Sig.
0.000
-

t
-20.781
4.657

Sig.
0.000
0.000

= 0.09963

.

YFat.Rate.:
Xi.:
n
R2
35

Equation

t
28.332
Without

represents injury rate per year (injuries per thousand of vehicles).
represents motorization level per year (vehicles per population).

Equation

SPSS
Results

= 0.102

represents fatality rate per year (fatalities per thousand of vehicles).
represents motorization level per year (vehicles per population).
Std. Error of ANOVA
Coefficients
t
the Estimate
F
Sig.
log(Xi)
-11.181
0.791
0.094
125.007
0.000
(Constant)
-9.964
Financial cost in million JD (Y=Financial Cost, X=Accidents Number)
= 86.49 + 1.60
.

YAcc,Cost.:
Xi.:
N
R2

represents accidents’ cost in million JD per year.
represents accidents’ number in thousands per year.
SPSS
Std. Error of ANOVA
Coefficients
Results
the Estimate
F
Sig.
Xi
15
0.950
10.898
245.823
0.000
(Constant)
Note: All models considered under a confidence interval of 95%.

t
15.679
8.325

Sig.
0.000
0.000

Sig.
0.000
0.000

to 2030, which indicates a good behaviour in traffic
safety measures.
The accidents’ rate (accidents per 10,000 registered
vehicles) is expected to increase in 2030 by 232
accidents. Thus, the severity level will decline by 0.08
to reach 0.07 in 2030. The financial cost due to accidents
will go down over the predicted period by about 594.6
thousand JD per 1,000 accidents. In general, the rates

Predicted Data for the Period of (2016-2030)
Table 5 provides the prediction of accidents’ data
over the period of 2016-2030 according to previous
regression models. To study and compare the changes
between current and future situations, Table 6 was
made. The rates of injuries per 1,000 accidents and
number of fatalities per 1,000 accidents are predicted to
go down by about 77 injuries and 2 fatalities from 2015
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changes are calculated for the past fifteen years (20012015) and for the future fifteen years (2016-2030). The
rate of increase of registered vehicles in the period 20012015 is lower than that for the period 2016 to 2030 by
77%. Similarly, the increase will be 11% for accidents
and the decrease will be 2% for financial cost. Other
variables will rise by different percentages as shown in
the same table.

related to accidents are predicted to get better for the
upcoming years. The percentage changes (increase or
decrease) estimated for predicted values were based on
the years 2015 and 2030 and are shown in Table 7. All
values are predicted to increase except for severity level
which will decrease. The highest increase was 176% for
number of traffic accidents, which is due to the expected
development of the Jordanian society. A useful
comparison is presented in Table 8, where percentage

Table 5. Predicted values for the period of (2016-2030) according to regression models
Registered
Financial
Year
Accidents
Injuries
Fatalities
Vehicles
Costs (JD)
2016
1,506,806
153,360
18,272
841
331,812,543
2017
1,595,530
162,390
18,466
853
346,257,725
2018
1,687,170
171,717
18,660
865
361,177,562
2019
1,781,725
181,340
18,854
877
376,572,054
2020
1,879,196
191,261
19,048
889
392,441,202
2021
1,979,582
201,478
19,241
901
408,785,005
2022
2,082,884
211,992
19,434
913
425,603,464
2023
2,189,101
222,802
19,626
925
442,896,578
2024
2,298,233
233,910
19,819
937
460,664,347
2025
2,410,281
245,314
20,011
949
478,906,772
2026
2,525,244
257,014
20,203
961
497,623,852
2027
2,643,122
269,012
20,394
973
516,815,588
2028
2,763,916
281,306
20,586
984
536,481,979
2029
2,887,625
293,897
20,777
996
556,623,026
2030
3,014,250
306,784
20,968
1,008
577,238,727
Table 6. Comparison of the rates of 2015 with those forecasted for 2030
Subject
Accidents per 10,000 registered vehicles
Injuries per 1,000 accidents
Fatalities per 1,000 accidents
Accidents per 100,000 population
Financial costs per 1,000 accidents
Severity level

Year 2015
786.1
145.3
5.5
1679.4
2,476,206
0.15

Year 2030
1017.8
68.3
3.3
3478.4
1,881,578
0.07

Changing Rate
231.7
-77.0
-2.2
1799
-594,628
-0.08

Table 7. Comparison of the values for 2015 with the forecasted ones for 2030
Increase
Subject
Year 2015
Year 2030
Increase Percentage
Rate
Number of registered vehicles
1,412,817
3,014,250
1,601,433
113%
Number of accidents
111,057
306,784
195,727
176%
Number of injuries
16,139
20,968
4,829
30%
Number of fatalities
608
1,008
400
66%
Financial costs
275,000,000
577,238,727
302,238,727
110%
Severity level
0.15
0.07
-0.08
-52%
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Table 8. Comparison of values for the last 15 years (2001-2015) with
the predicted ones for the next 15 years (2016-2030)
Pre-15 Years
Subject

Post-15 Years
Year 2016

Year 2030

%
Increase

% Change

Year 2001

Year 2015

%
Increase

Vehicles

509,832

1,412,817

177%

1,506,806

3,014,250

100%

-77%

Accidents

52,662

111,057

111%

153,360

306,784

100%

-11%

Injuries

18,832

16,139

-14%

18,272

20,968

15%

29%

Fatalities

783

608

-22%

841

1,008

20%

42%

160,000,000

275,000,000

72%

331,812,543

577,238,727

74%

2%

0.37

0.15

-60%

0.12

0.07

-43%

17%

Financial
costs JD
Severity
level

accidents and number of fatalities per 1,000 accidents
are predicted to go down by about 77 injuries and 2
fatalities from 2015 to 2030, which indicates a good
behaviour in traffic safety issue.
The results of forecasting for the period (2016-2030)
according to regression models showed improvements
for all figures when compared with those for the period
2001-2015. Increased percentages during the pre-15
years (2001-2015) are expected to be higher than those
predicted for the post-15 years (2016-2030) in respect to
numbers of vehicles and accidents. However, the
increased percentages in numbers of injuries, fatalities,
and financial costs in the period (2001-2015) are lower
than those predicted for the period (2016-2030).
Regression models are highly recommended to
predict the yearly data of accidents. However, the
economic situation and growth rate of population should
be considered in these models to obtain better results.

CONCLUSIONS
The analysis of accident forecasting was concerned
with building regression models for accidents’
prediction until the year 2030. In brief, the regression
models could predict the yearly numbers of registered
vehicles, accidents, injuries, fatalities and financial cost
of accidents according to five models. The simple linear
regression model, curve regression model and Smeed’s
equation model were performed in the analysis. All
regression models were good with high coefficients of
determination (R2) that ranged from 99.3% as the
highest value for registered vehicles’ model to 79.1% as
the lowest value for the fatality rate model with
significant parameters under a confidence level of 95%.
Regarding forecasting these models for the period of
(2016-2030), the prediction rates of accidents in 2030
exhibited good improvement in general when compared
with the rates of 2015. The rates of injuries per 1,000
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