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Objective: ldentifying the factors affecting a phenomenon and their degree of influence
and producing the zoning maps of that phenomenon require higher precision. Currently,
the zoning maps of these phenomena are produced based on the empirical relationships
and these maps are generally prepared for large statistical cells such as the county and are
used in regional planning, but due to the small scale and the lack of accuracy, these maps
are not used in implementation operations.

Methods: In this research, the effect of geographical factors on the phenomenon is called
"spatial behavior or signature”. Spatial behavior expresses the effect coefficients of
environmental factors on the phenomenon. Different spatial inference methods were
tested, and a new method based on classification of satellite imagery in remote sensing
was implemented to prepare the spatial behavior of the parasitic VL disease on a larger
scale of Kalaybar and Khoda-Afarin regions. The factors affecting the disease were
considered composite image bands, and the disease prevalence areas were used as training
data. Geographical factors known or suspected to be effective on the VL disease include
average temperature, precipitation, relative humidity, elevation, slope, aspect, distance
from the river, access to facilities in the village, dog density, age and sex of human of the
group involved in the disease, and vegetation index.

Results: According to the results of the spatial behavior, the factors affecting the disease
in order of priority are rainfall, relative humidity, temperature, dog density, aspect, slope,
vegetation index, access to facilities, distance from the river, and elevation.
Conclusions: Using the spatial behavior method removes the need for survey specialists,
and it depends on the individual to produce a zoning map for each phenomenon. Also,
experimental and variable opinions are avoided. Besides, in planning and making
decisions to solve any problem, the production zoning maps are more efficient than the
previous maps due to their accuracy.
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Extended Abstract

Introduction

As with many diseases, the visceral leishmaniasis (VL) parasite has a natural habitat. Therefore, environmental
factors affecting the population of disease carriers, reservoirs and human hosts highly influence its distribution and
prevalence (Elnaiem et al, 2003). Despite the limited distribution of the disease in certain situations, little research
has been done on environmental factors to study its spatial distribution. Like many diseases, environmental
conditions influence the spread and development of some phenomena (Hakkour et al., 2020). Without knowing
and paying attention to the environmental conditions, planning to control diseases is impossible. Identifying the
factors affecting a phenomenon and their degree of influence and producing the zoning maps of that phenomenon
require higher precision. For a phenomenon like a regional disease, some factors and their effect are known to a
certain extent. Currently, the zoning maps of these phenomena are produced based on the empirical relationships
of the degree of dependence between the phenomenon and the known influencing factors. These maps are generally
prepared for large statistical cells such as the county and are used in regional planning, but due to the small scale
and the lack of accuracy, these maps are not used in implementation operations. In this research, the effect of
geographical factors on the phenomenon is called "spatial behavior or signature”. Spatial behavior expresses the
effect coefficients of environmental factors on the phenomenon.

Materials and Methods

Different spatial inference methods were tested, and a new method based on classification of satellite imagery in
remote sensing (RS) was implemented to prepare the spatial behavior of the parasitic VL disease on a larger scale
of Kalaybar and Khoda-Afarin regions. In RS, the correlation between bands in training areas is employed to
identify the appropriate bands in the classification. Bands with high correlation are not considered in the
classification. This idea was used, and the factors affecting the VL disease were included in the composite image
as image bands. Considering the composite image similar to the remote sensing images and the areas where the
disease has been seen as training areas, the correlation between the different bands of the image and the disease
band was obtained through remote sensing capability.

Therefore, in the implemented method, the factors affecting the disease were considered composite image bands,
and the disease prevalence areas were used as training data. Geographical factors known or suspected to be
effective on the VL disease include climate factors (average temperature, precipitation, and relative humidity),
topography (altitude, slope, aspect, distance from the river), socio-economic factors (access to facilities in the
village), dog density, human factors (age and sex of the group involved in the disease), and vegetation index. After
obtaining data from relevant organizations in the period (1998-2012) and preparing them, each factor was
transformed into the primary raster as follows: in temperature, precipitation, and relative humidity from the
Ordinary Co-Kriging method in the Phlebotomus activity period (from the middle of May to the middle of
September, from sunset to sunrise), at elevation, slope, aspect, the 3D spatial analyst and DEM construction,
distance to river, the distance spatial analysis capability in GIS was used with more weight assigned to permanent
rivers.

In the vegetation index, RS capability and the use of Landsat satellite images were used. In the distribution of the
population in different age and sex groups and the distribution of dogs as disease reservoirs, using the kernel
density estimation (KDE). The initial raster was generated in access to facilities, taking into account facilities such
as a plumbing network, the existence of a health center, the existence of a school, and the existence of television;
the allocation of weights for each possibility to the settlements regarding the percentage of the usefulness of the
facilities in reducing disease; and the ability to convert to Thiessen Polygon raster in GIS. In the settlements where
the disease has been observed, a 300-meter buffer analysis around the settlements' residential areas was used to
create a disease prevalence raster.

The t-statistic was employed to test the significance of the correlation, and the non-influential factors were
excluded. Based on the production spatial behavior (i.e., correlation coefficients), the ratio of the effect of each
factor in causing the disease has been obtained based on the proportion coefficient of 100%.

Results
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In the present study, the effect or lack of impact of the factors considered was determined by extracting the spatial
behavior of VL disease and after testing the significance of the correlation coefficients. According to the results
of t-statistics, there is an acceptable correlation between the considered factors. According to the results of the t-
statistics, the factors affecting the disease in order of priority are rainfall, relative humidity, temperature, dog
density, aspect, slope, vegetation index, access to facilities, distance from the river, and elevation. The population
in different age and gender groups was obtained from independent disease. The type of influence (direct or inverse)
and the degree of influence of the effective factors on VL disease were estimated by investigating spatial behavior
in this research. The effects of environmental factors such as temperature, precipitation, relative humidity,
vegetation index, and dog density on the occurrence of the disease are direct. While the environmental factors of
height, slope, aspect, and distance from the river have an inverse effect on the incidence of disease, with the
increase of height, slope, and aspect, the disease incidence rate decreases.

Conclusion

Using the spatial behavior method removes the need for survey specialists, and it depends on the individual to
produce a zoning map for each phenomenon. Also, experimental and variable opinions are avoided. Besides, in
planning and making decisions to solve any problem, the production zoning maps are more efficient than the
previous maps due to their accuracy.
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Table (1): Correlation between factors affecting on the VL disease and prevalence of VL
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1.VL 1
2. Lo 0.18112 1
3. gk 0.234951 -0.82581 1
4. o gy 0.185162 0.213788 -0.14261 1
5. gl -0.049328 -0.87621 0.773884 -0.44524 1
6. e -0.11054 -0.03519 0.116798 -0.4575 0.305949 1
7. s Cu> -0.11716  0.204671 -0.30253 0.098902 -0.25134 -0.1556 1
8. wilsog, jlalols  -0.05386 -0.16724 0.097815 0.034994 0.250333 0.121549 -0.01041 1
9. &LS sibey  0.098904 -0.07098 0.245911 -0.01166 0.116166 0.123705 -0.11029 -0.05969 1
10. 5 y0 coze>0-2 0.00256  0.017333 0.102931 0.146796 -0.18041 -0.20541 -0.06321 -0.1656  0.039118 1
11. 50 come>2-6 0.019361 0.003799 0.100349 0.145503 -0.16724 -0.19376 -0.05511 -0.15403 0.047956 0.977944 1
12, 550 coro> 6-10  0.041738 0.020195 0.130418 0.155506 -0.16133 -0.19931 -0.05087 -0.15828 0.043129 0.959423 0.978262 1
13. 43 cwne>0-2  0.017104 0.017357 0.101689 0.152168 -0.17995 -0.19437 -0.06759 -0.16442 0.04357 0.983 0.980843 0.966516 1
14, 43 cane>2-6 0.023943 0.012257 0.106208 0.155505 -0.17764 -0.20142 -0.06125 -0.15788 0.04696 0.981832 0.991475 0.974414 0.985653 1
15. o5 cune>6-10  0.023374 0.006721 0.111039 0.164719 -0.17817 -0.20039 -0.04793 -0.15895 0.043807 0.97794 0.984439 0.980248 0.979953 0.983267 1
16. K 0.138132 0.101087 0.143304 0.075755 -0.00797 -0.13737 -0.00086 -0.0247  0.010938 0.288918 0.346563 0.443294 0.29483 0.311509 0.365819 1
17. ol -0.08657 -0.25867 -0.09108 -0.41295 0.447749 0.313535 0.011584 0.206112 -0.06691 -0.64399 -0.64103 -0.62339 -0.66231 -0.65429 -0.6252 -0.01283 1
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