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Abstract - Geostatistical Analyst (GA) gives
information about the reliability of models in addition
to continuous surface mapping of the whole area for
which data have been obtained. Maps produced by
GA allow interpretation from different views in order
to improve existing problematic routes or junctions
and new routes in future urban planning.

The Junction Risk Factor (JRF), which it has been
developed and proved recently Gundogdu (2010), is
different from previous methods aiming to prevent
traffic accidents using more points of view. The most
important difference is that the JRF produces the
value with present junction data, but does not
consider the statistical data of previous years. The
calculated values can be helpful not only for existing
junctions or routes but also for future applications.

It is possible to decide which criteria must be
considered for new routes and junctions with the help
of continuous surface maps including hot zones.
Desired probability and prediction maps based on
different cartographic rules can be produced in GA
by the kriging technique. In this study, in order to
provide recommendations, 121 junction points in an
urban centre of Konya, Turkey, are discussed. First
the digitisation of points collecting datasets and
calculations of the JRF values were performed, and
then the reliability of the maps produced were
evaluated by the rules of GA.

Keywords - Junction Risk Factor, Prediction maps,
Probability maps, Traffic accident.

1. INTRODUCTION

Inner city or urban traffic can doubtlessly be considered
one of the biggest problems in developing cities. Urban
traffic has its importance in supplying transitions
between the urban citizens and their vital functions.
Especially in cities which are developing and have the
population density in their centres, the present traffic
sometimes can not respond to the need. Since damaging
or fatal accidents occur in urban areas due to heavy
traffic, new searches for solutions to the trouble have
been brought about. The financial damage and the
casualties have been increasing swiftly and traffic jams
and their effects on both citizens and the environment
have become a major problem [1].

Although many methods are compiled in the following
chapter and many studies have been carried out in order
to stop traffic accidents, none of them have been

sufficient to resolve that problem entirely. There are
many varying factors which contribute to this problem.
The main target of this study is not to state the hot spots
by taking the former years’ data; the target here is to
determine how, using the newly developed algorithm,
variables of traffic affecting the result linearly or counter-
linearly to reach the minimum JRF value ought to be
found. Variables of the JRF are depend on existing
factors of junction and routes as numerical and time
period. For new roads, the same variables ought to be
taken up and they ought to be built and signalization also
ought to be adjusted by means of this aspect. In this way,
some regulations at present junctions and at prospective
junctions, taking care of the variables in the pattern, are
going to unroll the sources of accidents and are going to
ensure the reduction of damages.

The variables of JRF are independent of each other, and
changing one never affects the other. This structure
shows the superiority of JRF. over others.

Because of the irregular distribution of junction points,
mapping by traditional interpolation techniques is
insufficient to evaluate the accident dataset. It is not the
main purpose of this study to determine the hot spots.
The main aim is to produce continual surface risk maps
for the new roads and settlements for future planning.
Therefore, risk maps are the fundamental products which
consider all JRFs.

As a result, the aim is to demonstrate the appropriateness
of using GA for vehicle traffic movements.

A review of the previous literature found that accident
prediction models for urban roads were studied by [2]
used Getis-Ord Gi statistics to identify spatial patterns of
different types of weather-related crashes. In addition to
the analysis of the impact of adverse weather conditions
on road safety, they explained the Getis-Ord Gi method
in detail. [3] used spatial statistics in their article to
investigate changes since the early 1980s in offence
patterns for residential burglary, theft of and from cars,
and vandalism in Stockholm city. [4] also studied spatial
relationships between local spaces and global space. [5]
examined the use of process models to improve spatial
analysis and used Getis-Ord Gi statistics. [6] also used
different statistical methods to draw more kinds of maps.
In GIS studies, new approaches were used by ([7], [8],
[9]) in applying GIS to environmental simulation models
and by [10] for geographic representation. ([[1], 11],
[12], [13], [14], [15], [16], [17], [18]) studied risk maps
and [19] studied geostatistical models for solving
cartographic problems.
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2. STUDY AREA

Konya is not only the largest province of Turkey in terms
of territorial size but also has the longest road network,
with a 3651 km state road in a country with a total of just
385748 km of roads. It is eighth worst in terms of
accident rates, third in terms of accident fatality rates,
and fifth terms of numbers of injuries, according to
statistics for 2012. In a seven year period, a total of 2240
accidents occurred; there were 18 accidents with
fatalities, 322 accidents with injuries, and 2023 accidents
with only damage.

To define 121 junctions, digitisation and analyses were
performed using maps with a scale of 1/25 000. In this
process, besides all accident numbers, junction criteria,
dates, times, and types of vehicle data were recorded in
the main dataset.
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Fig.1: 121 junction points in the city centre of Konya.

3. GENERATED ALGORITHM

The main target here is to calculate JRF values for each
junction. The JRF at a junction is a value computed at the
point of each traffic light and is gained after these
calculations are summed. Furthermore, it is accepted that
all other risk factors (ORF) will be added into that
coefficient. However, because of the ORF which have
the same effect at all other junctions, like drunk drivers,
weather conditions or the faults of drivers or vehicles,
these were not included in the formulization. The main
intent here is to investigate the effects of the certain
factors that cause accidents. In this manner, these factors
can also provide alterations to present roads and can
inform the authorities to take them into consideration. An
analysis which will be performed according to the
accidents can provide us with the result on urban roads.
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However, only by making an analysis and presentations
considering the accidents can help to find the accident
ratio of the junction instead of revealing the troubles. As
a result of finding real and valid solutions, a model which
can provide the most effective way to reach the target
must be used, instead of finding out which junction is the
most dangerous or at which junction the most accidents
occurred (Gundogdu 2010).

Factors that affect the formulization:

Numerical factors: The number of routes that cross the
junction is named a numerical factor. The number of
roads of the junction affects the total JRF.

Interval factors: These factors must be examined in two
groups: first, the average number of vehicles passing
through the road in a day and, second, the waiting
duration at the red light.

Data related to length: These can also be examined in
two groups as the width of the road and the distance from
the previous traffic or warning light.

Data related to slope: Since the city of Konya was settled
on flat land, the slope was accepted as ineffective and it
has not been included in the calculation.

In accordance with that,

H -n -
\]RFI — Ii nl /11
T S 7,

If a value is to be evaluated: here, 4 : the number of

M)

traffic lights at the junction, |. : the distance from the

i
previous traffic or warning light, N, : roads crossed at the
junction, A : average number of cars that will pass in a

day, S;: the width of the road and 77, : the coefficient of
traffic flow.

For 7, n= J )
t

R
can be written. & is the number of cars waiting at the red

light and O effects 7, directly proportionally; t; is the

duration of the red light which effects 77, inversely
proportionally.
Here, the values of |, n., A increase to JRF.

Therefore, these values expose traffic jams or risks of
traffic accidents. As far as possible, these values must be
decreased. If it is not possible to lessen some values of

the variables, the S; or 77; value must be increased. In
this situation, the most practical solution is to increase 7;

or achieve a minimum©; .

4. USING OF KRIGING INTERPOLATOR FOR

JRF

According to [20] kriging is a moderately quick
interpolator that can be exact or smoothed depending on
the measurement error model. It is very flexible and
allows the wuser to investigate graphs of spatial
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autocorrelation. Kriging uses statistical models that allow
a variety of map outputs including predictions, prediction
standard error, standard error of indicators, and
probability. The flexibility of Kriging can require a lot of
decision making. Kriging assumes that the data comes
from a stationary stochastic process. A stochastic process
is a collection of random variables that are ordered in
space and/or time such as elevation measurements. The
selection of a Kriging method is based on the
autocorrelation of a variable between two points that is
formulated as follows:

Z(s)=pu+e(s)
Z(s) Consists of two parts: a deterministic trend
£4(s) (i.e. flow direction) and a random auto correlated

error g(s). The symbol S simply indicates the location
of a junction point. Because u(s) is a deterministic trend,

the selection of a Kriging method is based on whether a
directional trend exists or not. If a directional trend is
unknown, then an ordinary Kriging method is
appropriate. If a directional trend is known, then a simple
Kriging method should be selected.

The ordinary Kriging formula is generally given by:

n(u) n(u)
2 (0)-F a0z 1-Sawp

a=1 a=1
where, Z*(u)is the ordinary Kriging estimate at spatial
location u, n(u) is the number of the data used at the
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known locations given a neighbourhood, Z(u,) are the
N measured data at locations U, located close to U, m

is mean of distribution, A, (u)= weights for location U,

computed from the spatial covariance matrix based on
the spatial continuity (variogram) model, which is given

by:
A== 3 (2(u)-2(u +b))

i=1
Where, N is the number of data pairs separated by

distanceb , z(u,) and z(ui +b) are the data values at

locations separated by distance b .

Ordinary Kriging assumes a constant but unknown mean
and estimates the mean value as a constant in the
searching neighbourhood [20].

The variogram is the function which characterises the
dependence of variables between two different points in
space. According to [21], in contrast to classical
statistical methods, semivariogram models are interested
in all data points whether regularly distributed or not with
respect to both time and location.

5. METHODOLOGY AND RESULT
First of all, the characteristics of the data must be
evaluated. Table 1 shows the histogram values

Table 1: Histogram values calculated by JRF.

Min Max Mean | Std. Dev.

Skewness

Kurtosis | 1st Quantile | Median | 3rd Quantile

JRF | 0.0023 | 2.1092 | 0.4645 | 0.4969 1.214

3.6048 | 0.0489 0.1856 | 0.7936

If the mean and median values are close, it can be said
that the data have a normal distribution. A histogram
shows whether distributions of data are symmetrical or
not. Symmetrical data can be realized with a Skewness
value close to zero. According to the values in Table 1,
our data are not normally distributed or exactly
symmetrical.

Two effects may influence the results. One of them is
the global trend and the other is anisotropy. When a
study is carried out on a two dimensional surface,
sometimes the semivariogram and covariance functions
must be investigated not only according to distance but
also according to direction. This is called anisotropy.
Anisotropy is determined by random errors, and it is
different from a global trend.

In addition, unlike the circular isotropic model, an
ellipse must be chosen in the searching neighbourhood
to determine the neighbourhood number and location. In
interpolation, the major axis must have the same
direction as the anisotropic direction. This is taken into
consideration in the calculation of the values in Table 2
According to [22], the ratio of nugget to sill can indicate
statistical autocorrelation. If the value is smaller than
0.25, there is strong autocorrelation; if the value is

between 0.25 and 0.75 there is moderate spatial

autocorrelation;  otherwise there is no spatial

autocorrelation. Table 2 shows all geostatistical

checking.

Table 2: All calculated statistical values required for
interpretation.

JRF

Statistical values With nugget | Without

effect nugget

effect

Trend Log. Log.
Anisotropy v v
Major range 23548.7 3807.99
Minor range 12554.5 3807.99
Nugget 0.20779 0
Sill 0.25086 0.25086
Nugget sill ratio 0.82 -
Mean -0.02352 0.01149
Root-Mean-Square 0.4576 0.444
Average Standard Error 0.4699 0.2749
Mean Standardized -0.049 -0.01313
Root-Mean-Square Standardized 0.9718 1.703

Finally, before the mapping, the performance of values
can be controlled by cross validation. Cross validation
investigates which model has the best performance.
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Figure 2 shows prediction maps produced by JRF values
with the most problematic eleven junctions (a), and a
prediction map without the nugget effect (b).
Furthermore, probability maps can be produced in
respect of threshold values that are exceeded or not
exceeded. A related example is shown in Figure 2(c). The
indicator prediction value shows the probability of
exceeding a threshold value. The most important maps to
interpret to prevent traffic accidents are of this type.
Figure 2(d) was produced using covariance values.
Representations of maps illustrated using Equal Interval
techniques have generally been used for probability maps
to clarify extreme values so far. Therefore, all maps are
produced using this method.

For the correct interpretation of the values shown in the
table, the following rules must be taken into
consideration.

Generally, the best model is the one that has the
standardised mean nearest to zero, the smallest root-
mean-square prediction error, the average standard error
nearest to the root-mean-square prediction error, and the
standardised root-mean-square prediction error nearest to
1[23].

(d)

Fig. 2: Result maps: (a) prediction map, (b) prediction
map without nugget effect, (c) probability map, (d)
probability map for JRF values greater than the
mean

(©)
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6. SUMMARY AND DISCUSSION

Up to now, the Kernel and Getis-Ord Gi methods have
been used to prevent traffic accidents or to determine
critical points for statistical study in the literature. It is
accepted that these methods are reliable for these kinds of
studies. The methods use all the data related to the area
together. The variables of these methods’ mathematical
models consider the total number of criteria and
statistical coefficients for whole area.

The risk of accidents can be reduced and traffic flow can
become untroubled. In the light of these suggestions,
each of the 121 junction points in Konya has been
evaluated and the 27 most dangerous junctions’ results
are given in Table 3. Suggestions for all the characteristic
junctions are shown in the table. For instance, five
suggestions for eight junctions, three suggestions for
three junctions, and two different suggestions for sixteen
junctions are given in the table. In reality, the results
could be observed in the city. The variables do not alter
from one country to another. So, the JRF model can
easily be used in other areas by GA [13].

If the method is evaluated alongside GA, it can be said
that deterministic and geostatistical methods are
examined with two groups in GA. These methods are
basically similar as the data for nearby points are close.
On the other hand, when the mathematical and statistical
methods are used together, geostatistical methods are not
only used as interpolation methods but also give an
opportunity for interpretation. The method also gives
information about the reliability of predicted areas.
Therefore, deterministic applications were not performed
in this study. This study has tried to understand the
reliable and risky zones.

As a result, in the light of the calculated values, result
maps were produced with the aim of helping to create
new city road models. Maps which have statistical value
and can be visualised will of greater help to city planners
[13].

Table 3. Suggestions for the junctions which have
high JRF values are mentioned according to the
variables of the formula.

Suggestions for the junctions | Junction numbers (total 25)
which have big value more 6 3 4 12
than mean

. must be shortened v v

N, must be controlled v

A, must be controlled v v v
S, must be optimized v v v

t; time must be set for 7, v v v
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