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Abstract. Chiang Mai province has many problems of forest fire and agricultural fire. The specific 
objectives of the study aimed to evaluate burned area using Landsat data, analyze fire location using 
MODIS hotspot, and compare of the spatial distribution between burned area and fire location (the 
fire season on Jan to Apr, 2014), Chiang Mai, Thailand. The main components of research 
methodology consisted of collecting and preparing of Landsat 8 OLI/TIRS data and MODIS hotspot, 
extracting burned area by using Burned Area Mapping Software (BAMS), evaluating burned area 
and analyzed MODIS hotspot by using GIS, and comparing of the spatial distribution of burned area 
from Landsat and fire location from MODIS hotspot by using correlation statistics. These study 
found that the total of burned area were equal 613.40 km2 (383,375 Rai or 2.78%). The highest 
burned area was Mae Chaem, Omkoi, Chiang Dao, Hot, and Doi Tao district, respectively. In 
additionally, the 2,412 points of MODIS hotspot, mostly found in Omkoi, Mae Chaem, Chiang Dao, 
Hot, and Samoeng, respectively. Meanwhile, the overlay analysis found that burned area and MODIS 
hotspot most occurred in deciduous forest. The comparison of spatial distribution between burned 
area and fire locations showed the correlation at 86.31%. According to the result, this study suggests 
integrating of Landsat and MODIS hotspot for fire management in this area.  

1. Introduction 

Fire is one of the most disturbance factors in template ecosystems, as severe economic, ecologic 
and atmospheric effects are produced. It is very important to know the fire location for fire 
management, and using burned areas to evaluate the damages and to plan conservation strategies to 
avoid deforestation and erosion processes. [1], [2]. Remote sensing is high-efficient tool for 
evaluating, detecting and monitoring fire occurrences and its affected. Herein, remote sensing 
provides two principal options to infer on fires including spectral and thermal information. A large 
number of studies have demonstrated the value of remote sensing to quantify fire occurrences and the 
areas affected by fire [2].  

MODIS or Moderate Resolution Imaging Spectroradiometer is an instruments onboard AQUA 
and TERRA satellites. The MODIS instrument provides high radiometric sensitivity (12 bit) in 36 
spectral bands ranging in wavelength from 0.4 µm to 14.4 µm. Two bands are imaged at a nominal 
resolution of 250 m at nadir, with five bands at 500 m, and the remaining 29 bands at 1 km. A ±55 
degree scanning pattern at the EOS orbit of 705 km achieves a 2,330 km swath and provides global 
coverage every one to two days. Herein, MODIS is one of the most important data sources for global 
mapping of fire locations with 1 km spatial resolution [2], [3]. MODIS hotspot has great potential for 
monitoring fire dynamics because the data freely deliver and nearly real time information from a 
maximum of four satellite overpasses each day and with a data record that spans more than a decade 
[2], [4], [5], [6], [7]. However, hotspots have some caveats such as the textural component of the 
detection algorithm causes problems with false detections in areas where the canopy cover exhibits 
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strong differences in surface temperatures. Cloud cover obstructs fire detection and may lead to high 
errors of omission (undetected fires). The size of a particular fire cannot be calculated from hotspot 
data and no distinction can be made between large fires and small fires. The hotspots do not allow 
distinguishing, if one or more fires are actively flaming within a pixel on the same day and burned 
areas cannot be derived from the hotspots [2], [4], [5], [6]. 

Remote sensing has become one of the most effective techniques to map burned lands, due to the 
spatial systematic coverage from the space platforms, and the ability of detecting not visible spectral 
spaces where burned areas are well discriminated (like Near and Short Infrared) [1].The capability of 
Landsat TM and ETM+ data to provide information about burned scars has been widely recognized 
in scientific literature [1], [8], [9], [10], [11] due to its spatial coverage (185 × 185 km), medium 
spatial resolution (30 m for reflective bands), multispectral characteristics (covering the most 
important spectral areas for burned area mapping with one band in the near infrared and two in the 
shortwave infrared), good temporal range (TM sensor and equivalent data have been available since 
1982), and temporal resolution (16 days). Moreover, in 2008 the United States Geological Survey 
(USGS) made its newly acquired and archived Landsat data freely available. This trend improving 
accessibility to medium resolution images is being followed by other space agencies like the ESA or 
the Centre National d’Etudes Spatiales (CNES), which provide a window into the past and ease 
monitoring and modeling of global land cover and ecological change [1], [12]. In addition, Bastarrika 
et al. developed a new supervised burned area mapping software based on Landsat data named 
BAMS (Burned Area Mapping Software). The tool is built from standard ArcGIS libraries. It 
computes several of the spectral indexes that most commonly used in burned area detection and 
implements a two-phase supervised strategy to map areas burned between two Landsat 
multi-temporal images. Herein, the spectral indices are include; Normalized Difference Vegetation 
Index (NDVI); Burned Area Index Modified (BAIM); Global Environmental Monitoring Index 
(GEMI); Normalized Burned Ratio (NBR); and Mid-Infrared Burned Index (MIRBI). Based on the 
only input requires from the user is the visual delimitation of a few burned areas, from which burned 
perimeters are extracted. The final result of the BAMS program is a polygon vector layer of burned 
perimeters The most advantage of BAMS is that a tool to generate semi-automatically burned area 
perimeters using Landsat data (TM, ETM+ and OLI/TIRS sensors) [1], [13]. 

The Upper Northern region of Thailand is the most affected areas by fires, both in terms of 
occurrence statistics and the impact of fire and smoke. According, the report of Department of 
National Park Wildlife and Plant Conservation (DNP), the statistics of forest fire occurrences from 
only the suppression reports between 2012 and 2014 shows the damaged area by fire covered area of 
24.22 km2 (15,137.50 Rai), 39.06 km2 (24,412.50 Rai), and 30.56 km2 (19,100.00 Rai), respectively. 
The highest burned area is Chiang Mai, followed by Mae Hong Son, Lampang, Lamphun, Phrae, 
Nan, Chiang Rai, Uttaradit, and Phayao, respectively [14]. In addition, on every fire season (January 
to April), Chiang Mai will have a problem by air quality. Then the area is enveloped in haze for a 
week, causing sickness among local residents. Respiratory ailments among residents were recorded 
at 40 percent higher than normal. Herein, the report of Pollution Control Department (PCD) shows 
that the highest of PM10 of Chiang Mai in 2012 and 2014 are equals 286, 212, 299 micrograms per 
cubic meter. The particulate level remains higher than the safety standard of 120 micrograms per 
cubic meter [15], [16], [17]. 

Therefore, this study aims to evaluate burned area by using Landsat data, to analyze fire location 
by using MODIS hotspot, and to compare of spatial distribution of burned area and fire location in 
2014, Chiang Mai, Thailand. The result of this study can enhance the efficiency of burned area 
assessment, fire warning, and monitoring. Moreover, it’s can provide to basic required information 
for fire management in Ching Mai and Thailand.  
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2. Study area 

The study area is Chiang Mai province, located in the Upper Northern region of Thailand. The 24 
districts includes: Chai Prakan, Chiang Dao, Chom Thong, Doi Lo, Doi Saket, Doi Tao, Fang, 
Galyani Vadhana, Hang Dong, Hot, Mae Ai, Mae Chaem, Mae On, Mae Rim, Mae Taeng, Mae 
Wang, Mueang Chiang Mai, Omkoi, Phrao, Samoeng, San Kamphaeng, San Pa Tong, San Sai, and 
Wiang Haeng. It is located between latitudes 17°5' 54″ N and 20° 8' 57″ N and between 

longitudes 98° 1' 54″ E and 99° 34' 25″ E. The elevation ranges about 40 to 2,600 m above 
MSL. It covers area of 22,041.09 km2 (13,775,681.25 Rai) (Figure 1.). A large part of the area is 
covered by mountains and hills with forests. The land use and land cover type in 2014 of Land 
Development Department (LDD) shows the forest land, agricultural land, urban and built-up land, 
water body, and miscellaneous land are 71.10%, 22.52 %, 3.70%, 1.04%, and 1.64%, respectively. 

 

 
Fig. 1. Map of the study area. 

3. Material and method 

3.1 Material and software 

(1) Landsat 8 OLI/TIRS from USGS, coverage the study area and study period (January to April, 
2014) [18]. 

(2) MODIS hotspot from NASA, calculated by the MODIS rapid response system and reported by 
LANCE-FIRMS (1 January to 30 April, 2014)) [19]. 

(3) The ancillary data from Land Development Department; LDD, Thailand. They are including 
provincial boundary, 2014 land use and land cover, forest type, and elevation (Figure 2.). 

(4) BAMS (Burned Area Mapping Software) developed from Bastarrika et al [1], [13]. 

3.2 Method 

The main components of research methodology consisted of collecting and preparing of Landsat 8 
OLI/TIRS data and MODIS hotspot, extracting burned area using Burned Area Mapping Software 
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(BAMS), evaluating burned area and analyzed MODIS hotspot using GIS, and comparing the spatial 
distribution of burned area from Landsat and fire location from MODIS hotspot by using correlation 
statistics. 

For burned area extraction using BAMS, the spectral indices (NDVI, BAIM, GEMI, NBR, and 
MIRBI) and the difference value in pre-fire and post-fire scenes from Landsat were constructed. 
After that, they are used to set the threshold values from burned training area for burned area 
extraction. Then, the results of burned areas were validated with 203 reference data points using 
visual interpretation.  

Under burned area and MODIS hotspot distribution analysis, those data used to overlay with the 
boundary, land use and land cover (LULC), and forest type, then report as percentage. After that, 
burned area and MODIS hotspot distribution were used to correlation analysis. 
 

 
Fig. 2. (a) Land use and land cover types; and (b) Forest areas; Chiang Mai province. 

4. Results and Discussion 

4.1 Burned area and MODIS hotspot distribution 

Figure 3. shows the burned area distribution and MODIS hotspot. Herein, burned area extraction 
using BAMS found that the total of burned area equal 613.40 km2 (383,375 Rai) or 2.78%. The 
highest burned area is Mae Chaem, Omkoi, Chiang Dao, Hot, and Doi Tao district, respectively. The 
overlay analysis found that forest land has the highest, followed by agricultural land, miscellaneous 
land, and urban and built-up land corresponding burned area of 65.85%, 31.23%, 1.55%, and 1.37%. 
At the same time, mostly burned forest area found in deciduous forest, evergreen forest, disturbed 
deciduous forest, forest plantation, and disturbed evergreen forest of 85.35%, 6.64%, 4.74%, 2.99%, 
and 0.28%, respectively. The validity of burned area extracted has overall accuracy of 92.12%.  

Analysis of MODIS hotspot found that the hotspot equal 2,412 points. The highest MODIS 
hotspot is Omkoi, Mae Chaem, Chiang Dao, Hot, and Samoeng, respectively. The overlay analysis 
found that forest land has the highest, followed by agricultural land, urban and built-up land, and 
miscellaneous land corresponding burned area of 73.84%, 24.34%, 1.04%, and 0.79%. The mostly 
burned forest area found in deciduous forest, evergreen forest, disturbed deciduous forest, forest 
plantation, and disturbed evergreen forest of 70.80%, 25.77%, 1.80%, 1.35%, and 0.28%, 
respectively (Figure 4.). 
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Fig. 3. (a) Burned area distribution; and (b) MODIS hotspot distribution; Chiang Mai 

province. 
 

 
Fig. 4. Distribution of the percentage of (a) burned area by LULC types; (b) MODIS hotspot 

by LULC types; (c) burned area by forest types; (b) MODIS hotspot by forest types. 
Code: AG= agricultural land, FR= forest area, UB= urban and built-up land, MS= 

miscellaneous land, EF= evergreen forest, DF= deciduous forest, PF= forest 
plantation, DEF= disturbed evergreen forest, and DDF= disturbed deciduous forest. 

4.2 Spatial distribution of burned area and MODIS hotspot comparison 

Figure 5. shows the burned area and MODIS hotspot spatial distribute comparison in each district. 
According the result, the area of burned area and point of MODIS hotspots are consistency. The 
comparison of spatial distribution between burned area and MODIS hotspot found that they have 
correlation at 86.31% (Figure 6.). 
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Fig. 5. Burned area and MODIS hotspot spatial distribute comparison. 

 

 
Fig. 6. Correlation statistics of burned area and MODIS hotspot. 

5. Conclusions 

The total of burned area equals 613.40 km2 (383,375 Rai) or 2.78%. The highest burned area is 
Mae Chaem, Omkoi, Chiang Dao, Hot, and Doi Tao district, respectively. The 2,412 points of 
MODIS hotspot, mostly found in Omkoi, Mae Chaem, Chiang Dao, Hot, and Samoeng, respectively. 
The overlay analysis found that burned area and MODIS hotspot most occurred in deciduous forest. 
The comparison of spatial distribution between burned area and fire location found that they have 
correlation at 86.31%. According the result, this study suggests integrating of Landsat and MODIS 
hotspot for fire management in the areas. 
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