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CHARACTERISTICS AND ANALYSIS OF ACCIDENTS ON RURAL ROADS
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Abstract

This paper aims to study and analyze the characteristics of road accidents in Egypt,
Egyptian Governorate groups and compares the situation of road accidents with that of the
other countries. These groups are based on car ownership for governcrates. The highest
vehicle ownership is found in Suez governorate {about 300 vehicle / 1000 pop.) while the
lowest vehicle ownership is found in Sohag (about 15 vehicle / 1000 pop.). Also, the accidents
models for Egypt and Egyptian Governorate groups are estimated based on the date collected
for zccident’s number, fatalities, injuries, vehicle ownership and population during the last
five years. The highest number of accidents, fatalities and injuries was recorded in 1997, The
fatalities rates of Egypt are 26 killed / 100000 pop. and 280 killed / 1006000 motor vehicles.
These rates are higher than those of the developed countries. In addition, the data analysis
proved that high motorization rate is dangerous as the low motorization rate. Average of
vehicle of 30-45 vehicle / 1000 pop. is found to be the safest range to keep accidents, fatalities
and injuries in minimum levels. The comparison between estimated models and international
moedel has been evaluated to reduce the number of accidents in Egypt.
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1 iraduction

I Egypt, traffic congestion on rural roads has steadily increased. Also, road accidents are
a rapidly increasing problem in Egypt.

Death, disablerment and buman =uffering are the menacing direct effects on the
developmert of the country which in addition consurme scarce sconomic resources end forsign
exchange required for other and better purposes.

Improving nighway safety requires consideration of the J-elements influencing traffic
aperations; the driver, the vehicle and the readway. Untortunately, the traffic eogineer has
effective conirol over only one of these elements.

Many theoretical and practical works have been undertaken 1o study and analyze the road
accidents in Egypt and other countries. Moreover, the analysis of road accidents and iis
characteristics for rural roads in Egypt during the period from 1984 to 1995 had been studied
(2,3]

In addition, the study of the effect of road shoulders width on the safety for rural roads in
Egypt has been estimated for Aga - Mit Ghamr road [4].

The analysis of road accidents in Sharkia Governorate and its reduction procedures has
been studied. The results of this research proved that the minimum width of lecal roads is
6.0 m to reduce road accidents [5).

A recent analysis of road accidents in 9 countries in Eastern and Southern Africa has
revealed that fatality rates varied from 32 1o 124 death per 1000 vehicles in 1983. Moreover,
the analysis revealed that the number of deaths caused by road accidents in 1982 varied
between 4 and 28 per 100000 inhabitants in the nine countries [6].

Table (1) shows the number of killed persons through the road accidenis in several
countries [7].

Table 1 Persons killed / population and vehicles in different countries |7}

Country . | Ethiopia | France | Nigeria | Norwag Kenm South | Sweden | UK | USA
Africa
Killeas 100000 | > 24 1 10 15 | 37 9 11| 19

Pop.

Killed 100000 | 1710 | 65 | 2650 | 30 | 1570 [ 240 | 26 | 38 | 35

Motar vehicle

In Saudi Arabia, a comparative analytical study on road accidents had been reviewed [8].

A recent research was carried out to develop accidents modeling technique the non-
parametric model ~ that predicts accidents rate as a function of geometric design elements,
traffic flow parameters, and the roadside activities.
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Cairo-Alexandria Agricultural road was considered for data collection. The non—
paramelric model results indicate that it overcomes some of the shoricomings of the most
common methods of analysis {regression and discriminant) [9].

The objectives of this paper are:

1} To discuss the magnitude of road accidents for some governorates in Egypt
during the last 5 years and to compare the situation of the road accidents with
that of the other countries.

2) To analyze road accidents and establish the road accidents prediction models for
classified groups of govemorates based on the vehicle ownership and population.

2. Data collection procedurss

In this research work, data has been collected for whole Egypt and some governorates
during 1996 ull 2000 of the following [10, 11): population, motor vehicles, number of
accidents, fatalities numbers, and injuries numbers.

Moreover, Egyptian governorates are classified into four groups based on the private car
ownership as follows:

Group A:  which has private car ownership > 45 vehicles/1000 pop. This group
includes Cairo and Alexandria. Cairo is the capital, the center of business,
works, education and almost all public affairs. Also, Alexandria is the second
city and main port of Egypt.

GroupB:  which has private car ownership lies between 2 30-45 vehicles/1000
pop. This group includes Giza, Suez and Port Said. Giza is the center of ail
modes of transport to Upper Egypt. Suez and Port Said are ports on the
Mediterranean Sea and centers for the some industries related to the sea.

Group C:  which has private car ownership lies between = 10-30 vehicles/1000
pop. This group includes Damietta, Dakahlia, Galyubia, Gharbia, West Desert
(Matruh), Red Sea, Ismailia and North Sinai.

Group D:  which has private car ownership < 10 vehicles/1000 pop. This group
includes New Valley, Aswan, Qena, Sohag, El-Minya, Fayoum, Beni-Suef,
Assiut, Beheria, Minufia, Kafr El-Sheikh and Sharkia.

3. Galculation Background

The works of Smeed on data from developed countries have shown that there were
tendencies for fatality rates per vehicle to decrease and per person to increase over time.
Smeed muel represents the trend for fatality rate per vehicle in the following formula [8]:

FIV = a (VIPYB (1)

Where: V= Number of registered vehicles.
F = Number of Fatalities
P = Number of population
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o, B =Constants,

For accidents and injuries, a direct relationship is refated to motorization rate in the
following tormula [8]:
Acc  =a (VP)B e (2)

INJ = a (VIP) 2 el3)

A regression technique is employed to estimate the parameters of the above equations.

The linear transformation of each equation was first obtained by taking its logarithm, and
then regressed to give the prediction model as follows [8):

Log (FV) =Log a (V/P)B
Log (FV) =Loga-P Log (P} ...(4)

4. Analysis of Accidents

4.1. Analysis of Accidents for Egypt

Fig.l. shows vehicle ownership {number of vehicle/1000 pop.), accident, ln_]UﬂES and
fatalities trend over the last five years 1996 — 2000 in Egypt (10, 11].
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Fig. 1.a Vehicle Ownership in Egypt [10]
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s’

Fig. 1. reveals that there are rapidly increase in the vehicle ownership and injuries, rapidly
decrease in the total accidents during the three years 1996 - 1998. For the next two years,
while the vehicle ownership and total accidents slightly increase, injuries decrease.

However, there is no significant difference in fatalities over the study period. Alse, the
fatalities raies of Egypt are 26 killed / 100000 pop. And 280 killed / 100000 motor vehicles,
These rates are higher than those of the developed countries as indicated by table 1.

4.2, Analysis of Accidents for Governorates

Vehicle Ownership analysis shows a rapidly increase during the period 1996 — 1998
for the groups A, B and it shows a slightly increase during the period 1999 — 2000 for
the groups A, B and during the 1996 -- 2000 for the groups C and D as indicated by Fig
2. However, some governorates have a decrease in vehicle ownership in 2000 like M.
Sinai, Aswan and Minya, while others show no change like Sohag and /smalia. This
rapid growth in the vehicle ownership is due to the application of privacy economic
system in the last two years. Therefore, it can be concluded that vehicle ownership has
the same trend for the whole country as well as for the same govemorates. Moreover,
the highest vehicle ownership is found in Suez governorate (about 300 vehicle / 1000
pop.) while the lowest vehicle ownership is found in Sohag (about 15 veh. /1000 pop.).

Fig. 3 shows the trend analysis of accidents, fatalities and injuries for group A.
During 1996-1998 accidents slightly increase in this group, the total number of
accidents increases sharply in 1999 and slightly increase during 2000. This figure shows
that the fatalities number for group A slightly increase from 1996 — 1997 and rapidly

increase from 1998 — 2000. Also, in this figure, Cairo governorate has higher number of
injuries than in Alexandria.

Fig. 4 shows the analysis of accidents, fatalities and 1injuries for group B. In this
figure, accidents slightly decrease during 1996 — 1998, the total number of accidents
increase sharply in 1999 and slightly increase during 2000. For group B, fatalities-
number increases during 1997 and decrcases during 1998, May be this reduction of
fatalities number is related 10 a good and strong contrel of roads in this group. Also, in
this figure Giza has higher injuries number tan those of Port Said and Suez.
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Fig. 5 shows the analysis of accidents, fatalities and injuries for group C. In this
figure, three govemorates suffer high accidents, Dakahlia, Gharbia and Qaliubia with
respect 1o the rest governorates of this group. Also, these governorates represent highest
number of fatalities and injuries, while Damietta and Ismailia have medium number.

Fig. 6 shows the trend analysis of accidents, fatalities and injuries for group D. In this
group, Sharkia, Minufia and Fayoum govemorates have high accidents with respect to
the rest of this group. Also, these govemorates suffer from increasing the number of
fatalities, therefore, the roads of these governorates are in great need of full control and
improvement. The fatalities of this figure lies between 400 — 1000 persons. In this
figure, the injuries are within average between 300 — 1800 persons.

Finally, it can be noted from the analysis of the previous figures that there is no cbviocus
trend for accidents over the study years. Moreover, year 1997 has the highest number of
accidents, fatalities, and injuries over the study period.
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5. Aceidents prediction medsis

5.1. Egypt Prediction Model

52

Based on the data collected for accidents, fatalities, vehicles, and population, the
following models are estimated and fitted by regression analysis. For accident model,
the preduced formula is:

veh.)™™
ACC ={__‘-'__} (R* = 0.90) e (5)
pop.
Where: ACC. = The yearly number of accidents,

{Veb./pop.) = The yearly motorization rate

The model reveals a strong correlation between the yearly number of accidents and the
yearly motorization rate. As the yearly motorization rate increases, the yearly number
of wecidents increases in a power of 2.53. For fatalities prediction model, fatalities per
1000 vehicles measure (F/V) is formulated and the following model is presented,

(Fat. ! veh. } = 0.6021 (veh. / pop.) ™" (R* = 0,80) enr(6)

Comparing the Egyptian model with that of Smeed. It is found that the produced
model in equation (6) has higher constants than that produced by Smeed fcrthe
developing countries. This reflects the urpent necessity for improving the safety
situation in Egypt.

For injuries per 1000 vehicles, the model estimated in Egypt in relation to the
motorization is as follows:

{inj. f veh. } = 0.0041 {veh. / pop.)™"®  (R*=090) ...(7)

The model reveals that injuries per 1000 vehicle increases at the motorization rate
increases in a power of 1,183 and correlation coefficient of 0.90.

. Prediction models by groups of some governorates:

Yearly Accidents, fatalities and injuries models for Egyptian Governorates groups are
estimated. These models are yielded 10 power regression, which have a statistical
significance and a strong correlation as follows:

ACC ={Veh./pop. ) a ..{8)
inj ={Veh./pop.)b e (9)
Fat =(Veh./pop.}c ... {10)
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Where a, b and ¢ are the models constants presented in Table 2. The table also shows
the correlation coefficient and the level of significance for each model.

Table 2: Accidents, Injuries and Fatalities Models Constants For Some Egyptian Groups

Of Some Governorates.

Group | P. Car ownership | Parameters R? T — Value P - Value
A =45 a=1.669 0.98 93.422 0.000
b=2.024 0.98 94.609 0.000
¢ =1.508 0.98 91.225 0.000
E >30-45 a=1246 0.89 10.017 0.000
b=1277 0.95 18.453 0.000
¢=0.921 0.91 13,751 0.000
Cc z10-30 a=1492 0.91 24.692 0.000
b =1.461 0.94 30.873 0.000
c=1.167 0.91 24 405 0.000
D <10 a=2.108 0.935 31.857 0.000
b= 1.466 0.90 26.446 0.000
c=1.585 0.87 22.709 0.000

In the above models, number of accidents, injuries and fatalities are related directly to
the motorization rate instead of accidents / 1000 vehicles which show insignificance in
the model formulation. It is also noted during the analysis stage that there isno
significance difference between accidents data of group A.

The third column of the table reflects the wrest safety situation on the governorate
level in many points of view. Firstly, the high power of the prediction models.
Secondly, there is a higher degree of danger associated with accidents occurrence. This
means that for the same motorization rate, fatalities and accidents number are
approximately equal in some groups like group A and D. It is also found that for group
B and C, accidents numbers and injuries have approximately the same value at the
same moirization rate as indicted by models. Moreover, group A,D have the highest
number of accidents, injuries and fatalities while, group B has the lowest numbers.

It is also noted that the powers of the models (a, b, ¢) decrease from group A and
group B and then increase gradually in group C and D. This means that as the
motorization rate decreases, the number of accidents, fatalities and injuries decreases
to its Jowest value and then increases again with the motorization rate decrease.
Therefore, high motorization rate is dangerous as the low motorization rate. A range of
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vehicle of 30 — 45 veh /1000 pop. is found to be the safest range to keep accidents,
fatalities and injuries in minimum levels.

6. Modals Valdation

After constructing accidents, fatalities, and injures models for Egypt and some
governorate groups, the model performance have been verified. This was accomplished by
comparing the results estimated by these models with those obtained from the observations.
The errors between calculated and observed date are + 1 % as a minimum value and + 15% as
a maximum value for all models described from equation 5 till equation 10. For example, the
error between calculated and observed accidents number in 2000 for Cairo and Alexandria
governorates are 3.2% and 2.4% respectively. The comresponding error for fatalities and
injuries are 6.4% & -2% for Cairo governorate and 2.2% & -7% for Alexandria governorate as
shown in table (3).

Thus, the models are verified and can be applied to similar studies by changing
parameters to the conditions required.

Table 3: Error percent between calculated and observed accidents, fatalities and
injuries number in year 2000

Error between calcalated and observed Cairo Alexandria
Accidents % 3.2 2.40
Fatalities % 6.4 25
Injuries % -2.0 -7.0

7. Conclusions

This paper studied and analyzed the characteristics and magnitude of road accidents in
Egypt as a total and some governorates.

This study was based on the collected data of accidents, fatalities, injuries, population,
and vehicle ownership during the last five years. The analysis of the data was operated by
using the regression analysis. The main results can be reported as follows:

1. The highest vehicle ownership is found in Suez governorate (about 300 vehicle /
1000 pop.) while the lowest vehicle ownership is found in Schag (about 15 vehicle /
1000 pop.).

2. Year 1997 has the highest number of accidents, fatalities and injuries.

3. The fatalities rates of Egypt are 26 killed / 100000 pop. and 280 killed / 100000
motor vehicles. These rates are higher than those of the developed countries.
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4. As the motorization rate decrease, accidents number, fatalities and injuries decrease, to
its lowest value and then increase again with the metorization rate decrease. Therefore,
high motorization rate is dangerous as the low motorization rate.

5. A range 30 - 45 veh. / 1000 pop. is found to be the safest range to keep accidents,
fatalities, and injuries number at minimum value.

6. The produced models of accidents, fatalities and injuries are yiclded to the power
regression equations.

7. A Comparison between Egypt models of accidents and Smeed mode! proved that there
is a difference of constants between them. This give us a warning sign to apply a strike
traffic control on Egyptian roads to reduce the number of accidents.
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