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Abstract - This paper presents how to utilize ArcGIS zonal
statistic tool for identification of hot-regions. For this
purpose, we used two descriptive statistical indexes Sum and
Max over normalized raster data. Our effort was to get a
better understanding of the results generated by the zonal
statistics tool to identify the traffic accidents hot-spot zones.
Our approach makes it possible for comparison of statistical
parameters across different zone areas within the same scale.
This helps decision makers to pinpoint locations with higher
crash index and take preventive measures.
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1 INTRODUCTION

Spatial data like weather data, demographics, land
management data, and crash data need to be analyzed at
different levels for analysis of trends and patterns. In the
analysis of crash data, it is crucial to identify hot-spot regions
of traffic accidents. For such identification, a comparison of
different zones of interest is required based upon statistical
parameters.

A difficulty in this type of analysis is that aggregate spatial
data (like sum, maximum) exists at different levels of scale on
the map, for example, sum or maximum of crime incidents
across the nation cannot be directly compared to that of a
county or a city. For such type of comparative analysis, we
propose to normalize the results obtained from the zonal
analysis in ArcGIS. We use these normalized values to
identify the hot-spots of traffic accidents over different levels
of administrative zones. Furthermore, the use of two different
statistics parameters ensures that different hot-spot regions
can be identified according to the nature of analysis.

Hot-spot Analysis is a key area for research not just for
traffic accidents but a wide range of other topics such as
environmental studies, spread of diseases, biological studies,
migration studies, etc. Different methodologies have been
proposed in the literature to study the patterns of occurrence
of spatial data. The methodologies can be cross-domain;
meaning that methods applied to find out hot-spots in one area
of research can also be applied to another. [1] has used Kernel
Density Estimation and K-means clustering to study the
spatial patterns of injury related road accidents and to create a
classification of road accident hot-spots.

There is no universal definition of accidental hot-spots and
researchers have used different sophisticated methods to
quantify hot-spots. [2] has provided a review of the following
three different hot-spot detection techniques:

e Kernel density estimation
e  Network analysis
e  Census Output Area estimation

An extension to the Kernel density estimation in which the
network space is represented with basic linear units of equal
network length, known as lixe (linear pixel) and related
network topology is proposed by [3]. They argue that the use
of lixe facilitates the systematic selection of a set of regularly
spaced locations along a network for density estimation and
makes the practical application of the network Kernel density
estimation  feasible by significantly improving the
computation efficiency.

[4] has used a process called kernel smoothing for hot-spot
analysis. This process creates local estimates of the measure
of the spatial intensity using the count of frequency of points
within a given distance of each point, relative to symmetric
distribution. The author has used a Gaussian kernel of 0.5
kilometer bandwidth for the hot-spot analysis.

Zonal statistics which we employed in this paper follows a
raster-based method. Raster-based methods are widely used in
environmental and geophysical studies [5], geographic
analysis [6], surface modeling [7], planning and design [8],
biological studies [9].

In this paper, we have used the sum values of different
zones (of the same scale) to identify hot-spots with a greater
number of events (crashes) per unit area. The Max values, on
the other, hand are used to identify hot-spot zones that have
high number of events at sub-zonal units. We have used two
statistical parameters instead of just one so that different zones
can be identified as hot-spots according to the objective of the
analysis. The usage of zonal statistics and the visualization of
normalized results obtained from it will help to draw
meaningful analysis and interpretations. It serves as a visual
aid in knowing where hot-spots occur and helps in finding out
the reason behind high number of un-expected crashes in
specific locations.

2 METHOD

We first used the zonal statistics tool in ArcGIS to get the
sum and max index of each zone for three different zonal



levels. The statistical parameters thus obtained were
normalized and hot-spots were identified based upon these
values.

2.1  Raster Based Approach for Computation of Sum
and Max

In this approach a grid is drawn such that it encompasses
the area over which hot-spot analysis is to be performed. An
area under consideration would contain a finite number of grid
cells. Sum is computed as the total number of events (crashes
in our case) contained by all the grid cells enclosed within a
particular zone. Similarly, Max is computed as the highest
number of events enclosed by a single grid cell of a zone. In
Figure 1 four different zones marked by boundaries with color
red, orange, blue, and green are shown. The Sum and Max
values for the four zones are (7, 5), (8, 2), (3, 1), and (1, 1)
respectively. If the hot-spot zones are identified according to
Sum value then the orange zone would rank at the top, while
the red zone is identified as the ‘hottest’ zone if Max value is
chosen as the criteria. Thus, the use of both Sum and Max
values ensures that all the hot-spot zones are identified
depending upon the objective of the ranking. High values of
Sum indicate a high overall total number of events in a zone
which may or may not be influenced by local high values.
High values of Max on the other hand indicate the presence of
a local region within a zone with a high density of events.

2.2  Normalization

The results obtained from zonal statistics are not sufficient
for insightful comparisons. Zones with high values of Sum
may have those values only because their area is bigger. Also,
one zone may have only a single small area with high number
of accidents and show a very high Max value. In order to have
a better interpretation of crash patterns, we normalize the
results by first converting the zonal areas which are in square
decimal degrees to square miles, and then getting the Sum for
one square mile of area in each of the zones. The total sum per
unit square mile area is computed for each zone level. The
same process is followed for Max value of each of the three
zonal levels.

Since the normalized results of the sum value shows the
number of accidents within a one mile square area,
comparisons can be made among the different zones within
the same scale, i.e. a direct inference can be drawn about
whether one parish/census tract/census block group has more
accidents per square mile than the other. Sum values suggest
which zones have the highest number of total accidents per
unit area. Max value gives us an idea about where the peak
values (sub-zonal unit areas with highest number of crashes)
are located and about their peak value. When interpreting the
Max value, it should be remembered that the peak value is
within one mile area somewhere in the corresponding zone
unit and comparisons are logical only within the same zonal
scale level. Figure 4 shows the results obtained by using zonal
statistics tool and the normalized results based on our

calculations.
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Figure 1: Raster based approach for hot-spot analysis

2.3 Hot-spot Identification

Use of only one statistical parameter can be inconclusive for
the identification of the hot-spot zones. If Sum is used to rank
the hot-spots then zones with high peak values may be left

out. Conversely, if Max is used to rank the hot-spot regions
then zones with a high total number of events per unit area
could be ignored. This point is illustrated in the Figure 2 and
explained below.



25 25 SUM= 100
Areal
80 3 SUM= 87
1 3 MAX= 80
Area 2
70 10 SUM= 100
10 10 MAX=70
Area 3

* All Areas are equal

Region Rank By Rank By
Sum Max

Areal 1 3

Area 2 3 1

Area3 1 2

Figure 2: Hot-spot Identification by using Sum and Max

We can see from Figure 2 that Area 1 is composed of
consistently high valued sub-zones, and its rank would be 1 if
the sum value is considered. Area 2 on the other hand has one
single sub-zone with a very high Max value. Area 2 would be
ranked number 1 if Max value is to be considered. In Area 3
there is a high Max value as well as other sub-zonal area units
with significant counts. It is therefore necessary not to rely
upon a single parameter for the identification of the hot-spots.
Depending on the objectives of the analysis, a list of different
zones could be identified as hot-spots.

3 RESULTS

We have used a zonal statistics tool in ArcGIS to get the
sum and max values of crash data at three different zonal scale

levels: 1) Parish level, 2) Census Tract level, and 3) Census
Block Group level. Sum and Max of the crash data from
different zonal scale levels cannot be compared directly for
any insightful interpretations. For each zonal scale level, we
normalize the Sum and Max values generated by the zonal
statistics to get the total/highest number of accidents within a
one mile square area for each zone. The Sum and Max
indexes are visualized per unit area of the zone. The map
visualization of the normalized results using Sum and Max
values are presented in Figure 5 and 6.
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Figure 4: Zonal Statistics and Normalized Results
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Figure 5: SUM (Census Block Groups Scale, zoomed at a single parish)
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Figure 6: MAX (Census Block Groups Scale zoomed at a single parish)

4 CONCLUSION

We have presented a way to improvise the results generated
by the zonal statistics in ArcGIS. The normalization step that
we propose following the zonal statistics computation is used
for hot-spot analysis to find out patterns and/or trends of
crashes. Our effort was to get a better understanding of the
results generated by the zonal statistics tool to identify the
traffic accident hot-spot zones. Our approach makes it
possible for comparison of statistical parameters across

different zone areas within the same scale. This helps decision
makers to pinpoint locations with a higher crash index and
take preventive measures. The road condition can be
improved, proper signs can be placed and, traffic laws can be
imposed more strictly in the areas determined as having high
risk by the analysis. This would not only help to prevent loss
of millions of dollars’ worth of property that are damaged due

to crashes, but more importantly save thousands of innocent
lives each year.
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6 Appendix

6.1  Zonal Statistics

Zonal analysis is an important analysis tool in ArcGIS
under its spatial analyst extension. It is useful for several
types of GIS-related analysis or studies such as environmental
monitoring, demographic studies, land management, traffic
data analysis and so on. Zonal analysis is the creation of an
output raster (or statistics table) in which the desired function
is computed on the cell values from the input value raster that
intersect or fall within each zone of a specified input zone
dataset. The zonal tools in which the zones are defined by a
single input value raster either calculate statistics or quantify
the characteristics of the geometry of the input zones.

Zonal tools are categorized as zone shapes (Zonal Area,
Zonal Centroid, Zonal Perimeter), zone attributes (Zonal
Max, Zonal Min, Zonal Sum), and determine specified zones
(Zonal Fill). The Zonal Statistics tool records the specified
statistic of the values of all cells in the value Dataset that
belong to the same zone as the output cell in each output cell
[10]. An input zone for the zonal statistics tool can be a vector
file or an integer raster file. Similarly, an input value raster
includes any raster file that contains values that can be
analyzed visually and statistically. The input zone dataset is
only used to define the size, shape, and location of each zone,
while the input value raster contains the values to be used in
the evaluations within the zones.

Maximum: For this statistic, the zone input must be an
integer. The data type of the output will be the same as the
value input.

I:' Value = NoData

OutRas

Figure 7: Maximum Calculation (Zonal Statistics) [11]



In our work, Maximum value gives an idea about where the
peak values are located and what the peak value is. During
interpretation of the maximum value, it should be remembered
that the peak value is within a one mile area somewhere in the
corresponding zone unit.

Sum: For this statistic, the zone input must be an integer.
The data type of the output raster is a floating point. This is

ValRas

ZoneRas

because the value for the Sum tends to be quite large, and may
not be possible to represent with an integer value.

For example, if a zone has 2500 rows and columns of cell in
size, and the value of each cell is 1000, the sum for that zone
would be 2500*2500%1000 = 6.25 billion [11]. If an integer
output is required and the range is within + 2.147 billion,_then
the INT function can be applied [11].

Value = NoData

QOutRas

Figure 8: Sum Computation (Zonal Statistics) [11]

In our work Sum value shows the number of accidents within
a one mile square area.
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