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Abstract: The land use changes mostly depend on cultural diversity, economic, environment, disaster, urban growth,
population and human activities. The Tsunami disasters created by the 2004 Indian Ocean earthquake on the 26 of
December 2004. Due to proximity of the west coast of Phuket Island. This paper explains to monitoring the land use
changes of different times since 2002 - 2017 over a period of 15 years for a study area at Phuket Island after tsunami
(2004), Thailand. The paper is going to define landcover by using principle of remote sensing, GIS techniques.
The images used in this analysis were captured on February 7, 2017 by Landsat 8 OLI and they were downloaded
from the Earth Explorer USGS image database. The methodologies have been used supervised classification with
maximum likelihood algorithm. The GIS land-use data acquired by Land development department, Thailand for
2002(pre-tsunami) and 2007(3 years ago after tsunami). The percentages result of land use changes in study area
indicate that during the last 15 years ago, agriculture land and open-space have been decreased by 11.79% and
4.93% while forest, urban area and water body have been increased by 9.40%, 7.00% and 0.32%, respectively.
Finally, the result showed tsunami disaster was the main reason of land use changes and urbanization. Pre-Tsunami,
urban area distributed around this island. After Tsunami (3 years ago) hit, people have been migrated from the
dangerous zone to city center which is located on the east of the Phuket. Now people come back to dangerous zone
again because the population and economic of Phuket Island have been continuously increased.
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1. Introduction

Land use or land cover refers to the physicals materials on the surface of a given parcel of land.
Furthermore, land use refers to economic, disaster, human activities and make use of land e.g. residential,
commercial, industrial etc. Urban growth, particularly the movement of residential and commercial land use to
rural areas at the periphery of metropolitan areas, has long been considered a sign of regional economic vitality.
[Squires, 2002] The land use changes commonly refer to urban sprawl, associated with rapid and influenced by
various natural, disaster, population, policy and human activity. The monitoring of land use change is allowed
humans to adaptation environment, disaster and management land to support the increase of population.

The Tsunami disaster was created by the 2004 Indian Ocean earthquake on the 26 of December at the
epicentre off the west coast of Sumatra, Indonesia. The shock had a moment magnitude of 9.1-9.3. Due to
proximity of the Andaman coasts of Thailand. According to the Disaster Prevention and Mitigation Department
data, Thailand. The tsunami had killed and injured at least 250, 1,111, and missing roughly 700 people in
Phuket. Moreover, the west coast of Phuket island effect from flooding which made the damage approximately
60 billion. The resorts, building and forest along the beach have been extensively damaged. The most effect of
tsunami disaster are tourism, fishing, agriculture. Besides. Mass of people have lost their house.
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2. Study Area

The study area, Phuket Islands (see Fig.1), is located in south of Thailand. The border of Phuket is between
7°45" N and 8°15" N latitudes, and 98°15" E to 98°40" E longitudes. The region covers 542.82 km2. Phuket
topography consist of sea, hills, and mangrove forest with the high elevation compare with mean sea level. The
highest elevation of the island is 529 meters above sea level. The annual rainfall is about 2,200mm. The city has
an annual high of 32 °C and an annual low of 27 °C. Phuket consist of 3 districts (Muang Phuket district, Krathu
district and Tha Lang district) and, 17 sub-districts and 96 villages have been established in Phuket. According
to 2016 census of Thailand, the total population of Phuket Island is around 394,169. Phuket is the center of
tourism industry and Gross Provincial Product (GPP) is approximately 250,952 baht per year. This humber is the
highest value of the south Thailand as a result of 1.3 million the average number of tourism per year.
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3. Material and Methodology

3.1 Datasets

Fig. 1: Location map of the study area.

Landsat 8 OLI images at 30 m. resolution was acquired on February 7, 2017, the satellite data covers study
area with path/row 130/54 and it was downloaded by using earth explorer site USGS image database.

The GIS land use data was acquired by Land development department, Thailand for 2002 (pre-tsunami) and
2007(3 years ago after tsunami). All data were projected in WGS84/UTM zone 47N Datum.
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TABLE I: Detail of data used in this study.

No. Type of data Year Resolution and Scale Format
1. Landsat 8 Image (OLI) February, 2017 30m. Raster
2. Land use data Pre-Tsunami, 2002 1:50,000 Vector

3 years ago after tsunami, 2007 1:50,000 Vector

3.2 Methodology

3.2.1 Image Classification (see Fig. 2)

The first step is the atmospheric correction with FLAASH model then Initial landsat8 satellites image
adjustment and analysis are the next steps, respectively [Guo Y, 2012]. The images were obtained by using a
supervised classification with maximum likelihood algorithm which were separated to five different classes,
namely forest, water body, urban or build-up area, agriculture, and open space. The maximum likelihood is the most
popular methods of supervised classification in remote sensing. The method defines the probability of a pixel
belonging to class k [JARS, 1999].

Lk =P(k/X) = P(K)*P(X/k) /ZP(i)*P(X/i) 1)
where P(k): prior probability of class k
P(X/K): conditional probability to observe X from class k, or probability density function

Ground truthing was made out for classification by using field survey of 17 location. Then, the data was
calculated overall accuracy and kappa for classification. The images before classification and after classification
with built-up area data covering city center of Phuket island were shown by Fig. 3. The processing used some
indices such as normalized difference vegetation index (NDVI), normalized difference water index (NDW!I) and
normalized difference built-up index (NDBI) for better image classification results. [Marina]
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Fig. 2: Flow chart of image classification methodology.

3.2.2 Land Use Change Detection

Land use change detections were analysed by using the GIS land use data [J.S. Rawat, 2015] bases on
principle of 3 periods. (see Fig. 4) However, Monitoring land use change has been compared between pre-
tsunami in 2002, after 3 years ago tsunami hit in 2007 and land use data form classification, Feb. 2017. We
calculated percentage of the land use changes in order to analysis urbanization, human settlement, agriculture
density and land use changes which is the effect of tsunami disaster.
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Fig. 3: The images before classification (a) and after classification with built-up area data (b)
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Fig. 4: Flow chart of change detection.

4. Result

Accuracy of land use classification results show overall accuracy of 91.31% and the kappa coefficient was
0.832 for February, 2017. The results present percentage of land use change in difference land use categories
(see Table Il and Fig. 5). During to 2002 — 2017, the agriculture in this study area has been decreased from
312.00 km2 in 2002 to 248.02 km2 which is roughly 11.79%. The forest has been increased from 105.54 km2 in
2002 to 156.58 km2 which is approximately 9.40%. The open-space has been decreased from 40.14 km2 in 2002
to 13.38 km2 which accounts for 4.93%. The urban has been grown from 83.75 km2 in 2002 to 121.74 km2
which accounts for 7.00%. The water body has been risen from 1.37 km2 in 2002 to 3.11 km2 which is around
0.32%. The land use data different 3 periods, 2002(pre-tsunami), 2007 (after-tsunami 3 years ago) and February,
2017 have showed by Fig. 6. In 2002 which is the Pre-tsunami year, the urban area distributed around this
island. The high density of urban area was in the city center at Muang Phuket district and along the west beach.
When the Tsunami disaster attack to the west of Phuket on 26 December, 2004., it has enormous changed in this
area. For instance, community areas were abandoned and neglected in the urban area. Therefore, all of them
become wasteland because people moved out from dangerous zone to city center, 2007. Nevertheless, Now
Phuket is the center of tourism economic in the south of Thailand which has rapid extension of urbanization and
employment rate, and large tourism growth. These have made people come back to dangerous zone again
because rapid population growth and area restrictions of Phuket.
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TABLE IlI: Area and amount of change in different land use/cover categories in the Phuket Island during 2002 to

2017

. 2002 2007 2017 Change 2002-2017

Land-use categories
Km?2 % | Km? % | Km2 % Km?2 %
Agriculture 312.00 | 57.48 | 244.18 | 44.98 | 248.02 | 45.69 -63.99 -11.79
Forest 105.54 | 19.44 | 139.00 | 25.61 | 156.58 | 28.84 51.03 9.40
Open-space 40.14 | 740 | 46.64 | 859 | 1338 | 247 -26.76 -4.93
Urban 83.75 | 15.43 | 106.69 | 19.65 | 121.74 | 22.43 37.98 7.00
Water body 1.37 | 0.25 6.31 | 1.16 3.11 | 0.57 1.73 0.32
Total 542.82 100 | 542.82 100 | 542.82 100 0 0
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Fig. 5: Diagram of land use change in Phuket (2002-2017).
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Fig. 6: Land use map of Phuket.
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5. Conclusion

The study of monitoring land use change after tsunami at Phuket Island shows the impact of tsunami having
the significant effect on land use change such as a settlement of people, economic growth, human activities,
urban renewal and human adaptation. The agriculture area has been transformed into urban area for solving
population growth and Phuket area restriction problems.

Moreover, the land monitoring and detection by using remote sensing and GIS techniques are the low cost
techniques with the modern data.
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