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Abstract

Malaria is still a major health problem in Thailand. The mor-
bidity rate hf-xs been reported each year and showed a high
infection in the areas. Ubon Ratchathani province is located at
the northeast of Thailand where the area along the Thailand-
Cambodia-Lao PDR borderlines. The morbidity rate of malaria in
Ubon Ratchathani province has been still reported. This study
aim to Assessment risk area of malaria by using the
Geo-Informatics. The classification of land used cover by The
Normalized Difference Vegetation Index (NDVI). The data was
overlaid and intersect the maps of value using the extension
Spatial Analyst. The results showed that Ubon Ratchathani had
the very high risk area where covered 4,014.86 square kilome-

ters. The high, moderate, and low risk areas covered 6,034.42,

3,155.15, and 2,206.06 square kilometers, respectively. The
Geo-Informatics model is the good tool to decision, solve a
problem and surveillance the malaria in the risk area.

Keyword: Geo-Informatics / Risk Area / Malaria
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Using Remote Sensing and Geographic Information Systems to Study Risk

Areas of Malaria in Ubon Ratchathani Province, Thailand

Jaruwan Wongbutdee, Wacharapong Saengnill and Natthawut Keawpitoon

College of Medicine and Public Health, Ubon Rajathanee University, Thailand 34190

- Abstract

Malaria is still a major health problem in Thailand. The morbidity rate has been reported each year
and showed a high infection in the areas where located at Thailand- Myanmar, Malaysia, Lao PDR,
and Cambodia borderlines. Ubon Ratchathani province is located at the northeast of Thailand where
the area along the Thailand-Cambodia-Lao PDR borderlines. The morbidity rate of malaria in Ubon
Ratchathani province has been still reported. This study aim to analyze the risk area of malaria by
using the remote sensing. The classification of land used cover by The Normalized Difference
Vegetation Index (NDVI). The data was overlaid and intersect the maps of value using the extension
Spatial Analyst. The results showed that Ubon Ratchathani had the very high risk area where covered
4,014.86 square kilometers. The high, moderate, and low risk areas covered 6,034.42, 3,155.15, and
2,206.06 square kilometers, respectively. The remote sensing model is the good tool to
predict the epidemic malaria and this tool could be a valuable to decision, solve a problem,

surveillance, and control the malaria in the risk area.

Keywords : Remote Sensing / Risk Area / Malaria
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1. Introduction

Malaria is a major public health problem in Thailand. The highest risk areas for malaria infection in
Thailand are in the provinces that border Myanmar, Malaysia, Laos, and Cambodia (Map of Southeast
Asia Region, 2006). Morbidity rates are reported yearly by the Bureau of Epidemiology, Department
of Disease Control, Ministry of Public Health, Thailand (2006). In 1949, malaria was the leading
cause of death in Thailand with over 38,000 deaths. In 1955, the active case detection was started in
high risk areas, and by 1963, the malaria death rate was lowered to 22.8 per 100,000 populations. In

recent years, the mortality and morbidity rates have fluctuated as shown in Figure 1.

-
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Figure 1 Morbidity and Mortality rate (per 100,000 populations) of malaria from report 506 (1972-
2006) (Bureau of Epidemiology, Department of Disease Control, Ministry of Public Health, Thailand,
2006)

Environmental and climatic conditions that favor mosquito breeding are found in most geographic
areas with high malarial infection rates (Ergquist, 2001; Sharma et al., 1997; Yamagata et al., 1986).
Factors that influence malaria risk include land use, presence of water bodies (Eveline et al., 2004),
rainfall and temperature. Proximity to forest and swamp has both been associated with increasing of
vector density (Kacey et al., 2006). Geographic information systems (GIS) can be a valuable tool for
classifying high risk areas of malaria and identifying vector breeding sites to plan disease control
programs (Srivastava et al., 2003; Carrin et al., 2002) although early attempts to create a malaria risk
map based on the modeled relationship between village-based prevalence data in Eritrea and a wide
range of the environmental and climatic predictors was found to be unsatisfactory (Bretas, 2001;

Thomson et al., 2005).
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This paper reports a project using remote sensing (RS) and geographic information systems (GIS) to
identify areas favorable to mosquito breeding in Ubon Ratchathani province based on risk factor
including rainfall, temperature, land use, and land cover. Ubon Ratchathani province is located in
northeast Thailand along the Thailand-Cambodia and Thailand-Lao PDR borders. The morbidity rate

in the province is reported by The Disease Prevention and Control Department 7, Ubon Ratchathani

Province, Ministry of Public Health, Thailand. In 2004, 2005, and 2006, the morbidity rates were
329, 11.65, and 28.44 per 100,000 populations, respectively (Disease Prevention and Control
Department 7, 2004; 2005; 2006). This study aimed to identify areas that are characterized by the
environmental and climate factors associated with high risk of malarial infection to inform malaria

control programs in the region.

2. Materials and Methods

Study Area

Ubon Ratchathani province is located in northeastern Thailand along the Thailand-Cambodia-Lao
PDR borderlines, 625 km from Bangkok. The study area (Figure 2) covers around 15,410 square
kilometers. The total population is about 1,600,000 people. Major rivers are the Moon, Chi and Mae
Kong .
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Figure 2 Ubon Ratchathani province, northeastern Thailand.
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Data Collection

The 2007 malaria morbidity and mortality data used in this study are from the Bureau of
Epidemiology, Department of Disease Control, Ministry of Public Health, Thailand and The Disease
Prevention and Control Department 7, Ubon Ratchathani Province, Ministry of Public Health,

Thailand. The temperature and rainfall in 2007 were collected from Northeastern Meteorological
Center, Ubon Ratchathani province. Digital remote sensing data (the Normalized Difference
Vegetation Index or NDVI) were produced by Satellites Landsat-5 TM, acquired on July 2007 with a
nominal spatial resolution of 25 x 25 meters. Each pixel had a specific radiometry in each of the
channels or bands of the satellite (7 bands), depending on the objects on the ground. The radiometry

value was in the arbitrary range from 0 and 255.
Methods

The Normalized Difference Vegetation Index (NDVI)

The NDVI data was analyzed by using Satellites Landsat-5 TM, a transformation between data from
the visible channel and the near-infrared channel (Ratana et al., 1997). The NDVI was used as an
indicator of relative biomass and greenness. It was computed from the visible channel and the near-
infrared channel (Eq. 1). The original vegetation activity had values between -1 and +1, in proportion

to the density and greenness of the plant canopy (see Figure 3).

NIR —Red
NDVI = NIR +Red Eq. 1

where NIR = near infrared reflectance (band 4)
Red = Red reflectance (band 3).

Image Classification

NDVI was interpreted by unsupervised classification of the images, which was accomplished using
the ISODATA (Huang, 2002; Ubydul, 2007). The data was classified into 5 classes of land use that
were (i) forest (ii) water bodies (iii) agriculture land, (iv) urban, and (v) grass land (see Figure 4) and
correctly audited by digital topographic map 1: 50,000 scale landscape features from Department of

Environmental Quality Promotion, Ministry of Natural Resources and Environment, Thailand (2005).

Data calculation

The geographic map of the rainfall and temperature was created from the function interpolate which
determined the importance of each factor using the following metrics: (i) rainfall more than 137.033
mm, (ii) temperature between 25 — 28 degree Celsius (the most appropriate to the breeding site of

mosquito). Land cover and land use were classified using NDVI including: (iii) forest, (iv) water
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bodies, (v) agriculture land and (vi) urban. The six factors were weighted and attributed to the
probability classes and assigned to associated practices. Environment risk factors were classified as
high weight (3), medium weight (2) and low weight (1) (Table 1). We overlaid all data classes and
analyzed the data using ArcGIS 9.2. Spatial Analyst tool. To derive risk levels, natural breaks
technique was used. A malaria risk map was created with 4 levels of risk including; (i) Very High, (ii)

High, (iii) Moderate and (iv) Low (Figure 6). (Figure 6).
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Figure 3 The Normalized Difference Vegetation Figure 4 NDVI was interpreted by unsupervised
Index (NDVI). Classification.

Table 1 Environment risk indicators and their weighted of malaria incidence

Environment risk indicators Risk scores
Rainfall more than 137.033 mm 3
temperature between 25 — 28 °C Y

land use cover

a. forest

b. water bodies 2
c. agriculture land 1
d. urban 1
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3. Results

The highest of morbidity rates in Ubon Ratchathani province were in Namyun, Nachaluai and
Buntharik districts, whose rates were 225.38, 170.58 and, 132.21 per 100,000 populations,
respectively (Figure 5). The total number of malaria cases and the morbidity rate for each district in

Ubon Ratchathani province were reported by the Disease Prevention and Control Department 7, Ubon

Ratchathani Province, Ministry of Pulzlic Health, Thailand.

Figure 5 Malaria incidence and Mobility Rate (per 100,000 populations) in Ubon Ratchathani

Province.
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Source: The Disease Prevention and Control Department 7, Ubon Ratchathani Province, Ministry of

Public Health, Thailand.

Risk areas were classified by overlaying the digital remote sensing data. In Ubon Ratchathani
province, 4,014.86 square kilometers of area were classified as very high risk. The high, moderate and
low risk areas covered 6,034.42, 3,155.15 and 2,206.06 square kilometers, respectively (Figure 6).
Buntharik, Namyun, and Sirinthorn districts were classified as very high risk areas covering 883.84,
499.34 and 340.74 square kilometers, respectively. Buntharik, Detudom and Phibun Mangsahan
districts were the high risk area covering 477.82, 455.69 and 447.08 square kilometers, respectively.
Detudom, Kuang Nai and Samrong districts were the moderate risk area covering 533.53, 351.01 and

219.87 square kilometers, respectively. Finally, the low risk area covering 255.09, 181.88 and 161.55
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square kilometers was found in Trakan Phutphon, Detudom, and Simung Mai districts, respectively

(Table 2).

Table 2 A total area risk of malaria incidence (square kilometers)

District Name Very High High Moderate i
MUANG 56.82 22434 189.39 83.87
KHEMARAT 177.06 312.65 18.96 68.92
KUANG NAI : 377.60 351.01 135.05
SIMUANG MAI _— 377.20 68.12 161.55
DETUDOM : 60.51 455.69 533.53 181.88
TRAKAN PHUTPHON 182.92 340.74 100.85 255.09
NAMYUN 499.34 290.33 149.73 107.53
KHONGCHIAM 33243 286.05 28.40 36.98
BUNTHARIK 883.84 477.82 101.32 22.76
PHIBUN MANGSAHAN —_ i 195.51 143.19
MUANG SAMSIP 108.36 359.89 134.76 117.05
WARINCH YSP 158.41 302.16 79.83 78.22
KUT KHAOPUN 183.83 126.41 29.98 9.27
NACHALUAI 189.28 259.97 99.09 89.60
TANSUM 4.14 56.00 98.80 153.16
PHOSAI 239.41 216.36 27.02 66.72
SAMRONG 10.89 97.95 219.87 53.57
DONMODANG 2.82 70.26 71.92 39.49
SIRINTHORN 340.74 358.36 24.80 57.32
THUNGSI UDOM 1.38 32.61 128.73 74.46
NAYEA 4.58 72.44 133.54 35.39
LAOSEAKOK 3236 59.53 102.93 36.45
NATAN 42.87 119.77 15.12 52.82
NAM KHUN ] 76.70 144.60 91.94
SAWANG WEERAWONG 6.12 98.14 107.32 53.78

Total 4,014.86 6,034.42 3,155.15 2,206.06
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Figure 6 Risk area of malaria incidence in Ubon Ratchathani Province.

4. Discussion

High risk areas identified in this study were located near the boundary with Lao PDR and Cambodia
because of the disease pandemic are included poor understanding of malaria surveillance and control
of the local people, and covered by thick forest and the high mountains. Malaria morbidity and
mortality rates were associated with NDVI occurred depend on the appropriate of the environment to
breeding site, no matter forest, water resource, habitat and climatic factors that were related to malaria
transmission (Beck et al., 1994; NDVI Image Bank Africa 1981-1991 (CD-ROM), 1991) Malaria will
occur in the appropriate the environmental to breeding area of mosquito. This was the outside factor
which uncontrolled. However, Kitron (1998) used the remote sensing, GIS and GPS to analyze taking

care of and control the infective diseases which the carrier related to the environmental. Jeefoo (2008)
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classified the malaria risk maps into three categories including low, moderate, and high in
Kanchanaburi province. This result described the relationship between the environmental factors and
malaria disease. But this research, we classified the malaria risk maps into four categories to indicate
the epidemic of the malaria disease. It was the one model of remote sensing and GIS enhances the
quality for analysis and decision making by providing an integrated approach to disease surveillance,
and controls at the local. From this study, the remote sensing and GIS could be predict the disease
occurred and support to surveillance and control disease. The remote sensing and GIS indicated the
epidemic area of malaria and explaining the risk area in village degree. Thus, the government
organization could make a consideration to use this research to predict, planning and operate the

surveillance and control the transmission of malaria.

" 5. Conclusion

Ubon Ratchathani province is a risk area for malaria, especially in areas that border Lao PDR and
Cambodia. The remote sensing and geographic information system showed a correlated to reported
cases and could be predict the epidemics malaria incidence. Therefore, this model may be a valuable,

high potential to decision, surveillance, and control effectively of malaria in the high risk area.
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