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Abstract

Several advanced statistical analysis tools are recently improved
depending on the geographical information system. So, this paper aims
at utilizing of spatial statistical analysis to analyze the distribution of
malaria incidence in localities of Kassala State and to compare the
results with the results of Chi-squared test for goodness of fit. Two
software; ArcGis and GeoDa, are used to create and provide the map
with annual malaria incidence for each locality. The statistical
techniques which are offered by the two software are used to test the
malaria distribution randomness among localities. Moran’s I test is used
in addition to local and global measures to investigate in the distribution
of malaria incidence randomness as well as spatial autocorrelation
existence. The results reveal that the distribution of malaria incidence
in localities is random and spatial autocorrelation does not exist. On the
contrary to the goodness of fit test, the study reveal that the distribution
of malaria is random and spatial autocorrelation does not exist. The
reason of the difference between the two methods is that the spatial
statistical analysis depends on the geographical of data as an
independent variable, unlike the latter.

Keywords: Spatial Statistical Analysis; Spatial Autocorrelation;
Randomness.
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1. Introduction:
Several advanced statistical analysis tools are improved depending on

geographical information system (GIS). These tools essentially deal
with geographical distribution of a phenomenon. The most common of
these tools is the analysis of spatial distribution. Its goal is to discover
the relationship between that what happens in a region and what
happens in neighboring regions. The measurement of this relationship
is spatial autocorrelation. This is done according to its value sign
classified to positive or negative spatial autocorrelation. The positive
spatial autocorrelation occurs when the high value is surrounded by
high values or low value is surrounded by low values. While the
negative one occurs when the high value is surrounded by low values
or low value is surrounded by high values (Ord and Getis, 2001)
(Anselin and Bera,1998),(Ord and Getis 1995) (Getis and Ord, 1992),
and (Geary, 1954).

Malaria is the most common disease in Africa and considered the major
cause of illness and death in these countries. The highest widespread of
malaria among the world eventuates in tropical and subtropical regions.
The world health organization (WHO) reported that, there are 97
malaria endemic countries and 3.3 million are at risk of malaria,
estimated 584 thousand deaths. 90% of all deaths occur in Africa
(WHO, 2014). In Kassala State there are4-6% of citizens infected by
malaria each year. The children under 5 years are mostly affected by
malaria incidence and death (National Program to Control Malaria,
2013).

Accurate statistical estimates are helpfulness to anti-malaria
organizations in term of control and spread of malaria incidence. So,
advanced statistical techniques are used in this paper to figure out the
patterns of malaria distribution in Kassala State. The capability of
spatial statistical methods, which enable capturing of spatial pattern
among data are motivated this research.
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2. Spatial autocorrelation and its measures:

Spatial autocorrelation investigates in term of what happens in one
region related or not related to what happens in neighboring regions and
its measuring processes depends on geographical data. The required
data should be point or polygons. The measures which are used to scale
spatial autocorrelation are classified into two types. The first type is
global measures of spatial autocorrelation which focus on the
relationship among the whole data. The second type is local measures
of spatial autocorrelation which focus on the relationship between each
sub-region and neighboring regions.

2.1 Global measures of spatial autocorrelation:

Global measures of spatial autocorrelation are measures applied to
display in a single value of the pattern of distribution for single variable
(there is spatial autocorrelation or there is no spatial autocorrelation).
The distribution pattern investigates in randomness of data spread
among the whole region. The investigation has to figure out one of two
cases, either there is clustering in data distribution or there is no
clustering. Several measures are used (in the calculation process) to
calculate these measures. Three of them are discussed in the following
paragraphs.

2.1.1 Moran’s I

The most common measure of spatial autocorrelation is Monran’s I. It
uses the points or polygons of the regions to (without writing to) as well
as variable values to compute the value of spatial autocorrelation
(Moran, 1950). Its formula is:

N YTy 50y Wij(x—%)(xj—X)
Yit1 Ljoq Wij(xi—%)?

Nis the number of observations (points or polygons)

Where:[ =

(1)

Xis the mean of the variable values
X;is the variable value at particular location
xjis the variable value at another location
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Wi jis a weight indexing location of I relative to j

nis number of neighboring regions.

2.1.2 General G-statistics

General G-statistics is a common used measure in term of spatial
autocorrelation according to this formula (Getis and Ord, 1992):

Yie1 Zj=1 Wi (@)x;x; @

G -
n §:Tl
i=1 j_l xlx]

Where:
x;is the variable value at particular location?
X;is the variable value at another location?

dis neighborhood distance

W jis a weight matrix has only 1 or 0. 1 if j is within d distance of i
and 0 if it is beyond that distance

nis number of neighboring regions

2.2 Local measures of spatial autocorrelation:

Local measures are used to calculate the spatial autocorrelation between
each sub-region and its neighboring which shared the borders. There
are local versions of the above three measures as follow:

2.2.1 Local Moran’s I
The local version of Monran’s I as follows (Anselin, 1995):

n
Ii = ZiZVVl'ij (3)
j=1
Where:
_ X; - X
“="sp,

Wi jis a weight indexing location of I relative to j
nis number of neighboring regions
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2.2.2 Local general G-statistics:
Local general G-statistics is a common used measure in term of spatial
autocorrelation according to this formula (Ord and Getis, 2001):

n
j=1Wij¥;

G = (4)

n
i=1%j
Where:
xjis the variable value at another location?

Wi jis a weight matrix has only 1 or 0. 1 if j is within d distance of i
and 0 if it is beyond that distance
nis number of neighboring regions

3. The study area and data:

Area of study is Kassala State which located in eastern Sudan. Kassala
State includes 11 localities, which are all covered in the study. These
localities are: Hamashkoraib, Northern Aldalta, New Halfa, Atbara
River, Kassala, Talkook, Girba Wad Alhelaiw, Aroma, Kassala Rural
and Western Kassala. The following map shows Kassala localities.
Limitation of the study is stranded in Kassala State borders.
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Figure 1: Kassala State map
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Figure 1 shows the 11 Kassala localities. Hamashkoraib is in the
northern state,

Wad Alhelaiw in the southern, Talkook in the eastern and Atbara River
in western.

The study units are citizens infected by malaria in Kassala localities in
2013 according to National Program to Control Malaria (2013). The
data is analyzed and visualized by AtcGis and Geoda software.

4. Results

The results which include the global and local tests for spatial
autocorrelation as well as goodness of fit test are displayed in this
paragraph. Moran’s I is used in global and local versions to investigate
in spatial autocorrelation among the whole data and clustering.

4.1 Global tests of spatial autocorrelation:

Global Moran’s I is used to test spatial autocorrelation among malaria
incidence in Kassala State localities. Table 1 shows the results.

Table 1: Results of global Moran’s I test

Coefficient Observed Expected St.d 4 P-value
Moran’s | 0.17 -0.10 0.14 1.77 0.08

From table 1 the p-value is greater than 0.05 and that means acceptance
of null hypothesisHy: p = 0, in other words there is no significant
spatial autocorrelation in malaria incidence in localities of Kassala
State.
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Figure 2: Global Moran’s I scatter plot for malaria incidence.

Figure 2 shows that the values of malaria incidence in a locality and its
neighboring are widely scattered in different directions and most of
them are far from the estimated line. That wide spread means that there
is no relationship between incidence in locality and its neighboring.

4.2 Local tests of spatial autocorrelation:
Local version of Moran’s I and general G statistics are used to test the
clustering of malaria incidence in Kassala localities. Tables 2 and 3
below show the results.

Table 2: Results of local Moran’s I test

Locality Observed Cluster P-value
Hamashkoraib -0.064 0 0.440
Northern Aldalta 0.153 2 0.020
New Halfa 0.042 0 0.090
Atbara River 0.261 0 0.100
Kassala 0.370 0 0.270
Talkook 0.002 0 0.360
Girba -0.010 0 0.340
Wad Alhelaiw -.0382 0 0.110
Aroma 0.021 0 0.260
Kassala Rural 0.060 0 0.330
Western Kassala -0.722 3 0.010
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The first column in table 2 is locality name, the second one is observed
value for Moran’s I test, the third one is the number of localities which
are clustered as high or low values compared to specific locality and the
last column is the probability value for Moran’s I test.

Table 2 shows that, p-values for all localities are greater than 0.05
except northern Aldalta and western Kassala. Northern Aldalta locality
has a significance cluster with positive Moran’s I, which means locality
has similar rate of malaria incidence high or low as same as its
neighbors. western Kassala locality has a significance cluster with
negative Moran’s I, the rate of malaria incidence is different contrast to
the locality neighbors.

Table 3: Results of local general G statistics test

Locality Observed | Cluster P-value
Hamashkoraib 0.051 0 0.360
Northern Aldalta 0.036 2 0.030
New Halfa 0.041 2 0.050
Atbara River 0.041 0 0.130
Kassala 0.148 0 0.330
Talkook 0.085 0 0.350
Girba 0.114 0 0.350
Wad Alhelaiw 0.148 0 0.090
Aroma 0.075 0 0.230
Kassala Rural 0.148 0 0.250
Western Kassala 0.158 1 0.030

The first column in table 3 is locality name, the second one is observed
value for general G test, the third one is the number of localities which
are clustered as high or low values compared to neighbor localities and
the last column is the probability value.

Local general G statistics shows no clustering in malaria incidence in
Kassala localities except northern Aldalta, New Halfa and western
Kassala. Regarding to the difference in local Moran’s I and local
gﬁral G statistics formulas, the different classification for the same
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data are expected. In this research, the significant spatial autocorrelation
is revealed in two localities by local Moran’s I contrast to three
localities by local general G statistics.

The following graph display clustering of malaria incidence in Kassala
localities.
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Figure 3: Local general G statistics clustering map of malaria
incidence in Kassala State.

Figure 3shows that western Kassala is clustered as surrounded by high
values and northern Aldaltaand new Halfa are clustered as surrounded
by low values. (more light should be thrown here, in form of a
conclusion to the non-statistician, or what do you mean?).
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5. Goodness of fit test:

Goodness of fit test represented in Chi-squared as a traditional method
is used here to test the randomness of malaria incidence in Kassala
localities.

Table 4: Chi-squared test for goodness of fit

x?%-value d.f P-value
4198.60 10 0.00

Table 4 shows that there is a significant relationship between malaria
incidence and localities and this is opposite to what figured out in
spatial autocorrelation tests (more concentration or elaboration is
needed to define the different columns and to explain what is meant by
the figures).

5. Discussion:

The results of the study showed that there is no spatial autocorrelation
in the malaria incidence among Kassala State localities according to
Moran’s I test and general G statistics. The local tests revealed that there
is one Low-High cluster in case of western Kassala locality and two
Low-Low clusters in case of northern Aldalta and new Halfa. The
spatial tests result is different from goodness of fit test which pointed
out relationship (is it statistically significant or not?) between malaria
incidence and localities. The reason of this contradiction refers to use
of geographical attributes as explore variable in the spatial statistical
analysis case. So, spatial statistical methods are recommended when the
data is collected in spatial dimensions.
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Appendix A
Research data
Locality Population 2013 No. Maria Incidence 2013
Hamashkoraib 304334 1490
Northern Aldalta 109497 1882
New Halfa 252567 6137
Atbara River 163214 357
Kassala 355882 27104
Talkook 327807 6535
Girba 117947 3036
Wad Alhelaiw 100951 974
Aroma 122501 1086
Kassala Rural 184337 20130
Western Kassala 94626 306
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