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Abstract

characteristics becomes the biggest question to be solved.

Forest fire, that occurs annually in peat land area around Jalan
Kuantan-Pekan, Pahang, Malaysia, is endangering the
surrounding area. It is become important to create the fire
hazard map in order to minimize the potential damage. The
data survey, as conventional method to create the fire hazard
map, has a drawback such as time and cost consuming. Remote
sensing and geographic information system (GIS) have been
used in this study as alternative method to derive the map by
exploiting the information from Landsat 8 image and
topographic map at study area. Landsat 8 was exploited to
extract the fuel type by using maximum likelihood supervise
classification. The buffer zone area will be created from
topographic map. By combining of the fuel type data and
buffer zone area, the hazard area can be estimated by using
spatial analysis method. The result shows that most of the
study area is in low and moderate hazard level. While final
result shows only 5% of areas of high and extreme but it is
quite dangerous to the residents and school community around
the study area that covers more than 10,000 lives.

Since the mid-1980s, remote sensing and geographic
information system (GIS) has been implement as a technique to
estimate forest fire occurrence and fire hazards [16]. Several
studies also have been done in developing the forest fire risk
mapping using this technique [9, 17-22]. Remote sensing
technique will retrieve several information from satellite image,
then integrate with topographic map in GIS format. Several
satellite image data can be processed by using remote sensing
technique such as Moderate Resolution Image Spectro
radiometer (MODIS) image [18, 20, 23, 24], ASTER image
[25-27] and Sentinel 2 satellite image [28-31].

Keywords: Remote sensing; GIS; fire hazard; MLC;
topographic map

INTRODUCTION
Forest fire is a worldwide issue in many biodiversity that was
influenced by global warming and other causes [1-5].
Generally, the high temperature condition or El Nino in the
natural forests increase the rate of fire hazard into large scale
forest fire [6].
Globally, forest fire responsible for burning more than 350
million hectares of forest land every year [7]. There are about 2
to 8 million acres was burn annually from mid-1980 through
2015 in United States [8, 9]. In Malaysia, 1,232 fires have been
reported from 1992 to 1998 and about 5.55 million hectares or
42.2% of Malaysia peninsular forest land area [10]. In average,
more than 2000 forest and bush was record every month in the
year 2014 – 2016 was recorded by Malaysia Fire and Rescue
Department (JBPM) [11]. The area in this study is also no
exception to face forest fire problem annually [12-15]. In
general, forest fire is perceived as a threat that causes economic
losses, animal habitat destruction, health hazard, etc. Indeed,
forest fire prediction and prevention are become crucial. How to
create forest fire hazard map that is suitable to Malaysian forest

On preparing the forest fire hazard map, study area data
collection is important step. Generally, data was collected by
conducting in-situ data collection. However, it will cost time
and money [32, 33]. In this study, several important data will be
derived using remote sensing technique applied on satellite
images whilst other data will be collected from various sources.
Remote sensing as alternative method of data collection will not
only reduce cost and time, but also get data in both spatial and
temporal domains. In order to developed the forest fire hazard
map, spatial analysis technique will be applied.
Objective of this study is to create fire hazard map by utilizing
remote sensing and geographic information systems (GIS). In
this study, Landsat 8 and topographic map will be used to
analyse the forest fire in study area. The study area located in
Pahang state of Malaysia and faced forest fire problem annually
[11, 12, 15, 34-38]. According to the author’s knowledge, this
paper is the first study using Landsat 8 for forest fire in peat
land to this study area.

STUDY AREA
The study area is located at Jalan Kuantan-Pekan, Penor
Pahang, Malaysia with longitude between 103°14 to 103°17
East and latitude between 3°42 to 3°45 North as shown in
Figure 1. This area covered approximately 2,480.95 ha. Newly
established residential area and palm oil plantation are
bordering the study area. Annually, the study area peat swamp
forests were destroyed by fire. The study area is equatorial, the
climate is the low seasonal variation in incoming solar radiation
[39]. The annual average temperature ranges from 20.5° Celsius
(C) to 36° C [40].
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Figure 1. Study Area in Pekan, Pahang.

DATA AND METHOD
A.

Data

Satellite image and topographic map of study area will be
utilized to create fire hazard map. A Landsat 8 image data of
study area, acquired on 26 June 2016, will be used. The Landsat
data located at path 126 and row 57. This Landsat image was an
excellent source because acquire under cloud-free conditions in
order to extract various types of fuel in the study area. Clouds
and their shadows will distract the result by provide inaccurate
reflectance values of the features in the Landsat image earth
surface and disrupt the classification. Therefore, the image that
covered by clouds is not include in this study [41]. The overall
data processing method for this study are shown in Figure 2.
Image pre-processing for this study mainly include atmospheric
correction using Fast Line-of-sight Atmospheric Analysis of
Hypercubes (FLAASH), subset, Maximum Likelihood
Classification (MLC), Confusion matrix for accuracy
assessment and fuel type mapping. In this case, several
information will be retrieved from topography map, such as
road, residence and buffering zone. Forest fire hazard map will
be derived by integrating the information from Landsat image
and topographic map.
B.

or slant-viewing geometries image also can correct by
FLAASH [43]. FLAASH also can correct the adjacency effect,
compute a scene-average visibility, and adjustable spectral
polishing for artifact suppression [44]. The standard equation
for spectral radiance at a sensor pixel, L, id the initial of
FLAASH before solar wavelength range (neglect the thermal
emission) and flat, Lambertian materials or their equivalents.
The equation is as follows:

,

(1)

where;
is the pixel surface reflectance,
is an average surface reflectance for the pixel and a
surrounding region,
S is the spherical albedo of the atmosphere,
is the radiance back scattered by the atmosphere,
A and B are coefficients that depend on atmospheric and
geometric conditions but not on the surface.

Image pre-processing

Atmospheric correction is land surface assumption on
quantitative analysis parameter via remote sensing data.
Atmospheric correction is to decrease or remove atmosphere
effect such as molecule and aerosol on the reflectance values
[41]. Fast Line-of-sight Atmospheric Analysis of Hypercubes
or FLAASH is the fundamental concept for atmospheric
correction tool in most hyperspectral and multispectral sensors
that improve wavelengths up to 3 µm for visible through nearinfrared and shortwave infrared regions [42]. Vertical (nadir)

All these attributes rely on the spectral channel and for
simplicity the wavelength index has been exclude. Radiance
that is reflected from the surface and send directly to sensor is
the first term, while radiance from the surface that is scattered
by the atmosphere into the sensor is the second term in the
equation. Pixel surface reflectance in all the sensor channels
solved after the water retrieval is performed.
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Remote sensing commonly used calibration imagery as preprocessing to create scientific products from images [45]. In
order to produce an image that represents true spectral radiance
at the sensor, radiometric errors from sensor defects, variations
in scan angle, and system noise will be compensate in
calibration attempts [46]. Calibrated digital numbers before
output to the distribution media represented by eight-bit value
scaled to give absolute radiance [47].

Subset is to crop Landsat data for the study area. The main
purpose of this method is for focusing to the study area only. If
include all areas that unrelated to the studies may cause
inaccurate result. Subset Data from ROIs to subset data into a
rectangle that contains the selected ROIs of study area [48, 49].

Figure 2. Process flow hazard map by combining Landsat data classification and GIS topography map
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C.

Land cover classification method

MLC is a supervised classification method which is based on
the Bayes theorem. The MLC representing classes into the
signature file by combining both variances and covariances of
the class signatures. Pixel will assigned by discriminant
function to get highest likelihood class [50]. Class mean vector
and covariance matrix are the key inputs to the function and
can be estimated from the training pixels of a particular
class[51]. In this study, we used MLC to classify a diverse
tropical land covers recorded from Landsat 8 satellite. The
classification is carefully examined using visual analysis,
classification accuracy, band correlation and decision
boundary. The formula of MLC that are using in this study are
shown below.
,

(2)

where;

,
where,
cii = value of class,

(4)

c*i = row sum.

A measure of overall behavior of the MLC can be determined
by the overall accuracy, which is the total percentage of pixels
correctly classified where the total number of pixels and
classes respectively.
D.
Topographic map & fire hazard rating index (FHRI)
modelling

i = class,
x = n-dimensional data (where n is the number of bands),
p(ωi) = probability that class ωi occurs in the image and is
assumed the same for all classes,
|Σi| = determinant of the covariance matrix of the data in class
ωi,
Σi-1 = its inverse matrix,
mi = mean vector.

In MLC, each class in study area are in multispectral space
where larger classes is a discriminant function to other classes
[52]. The general procedures in MLC are to determine the
number of land cover types, every desired classes collected the
training pixels via land cover information, then each class
mean vector and covariance matrix were estimated by training
pixels, and finally land cover types were classified from every
pixel in the image [53].
Accuracy assessment in MLC were define by confusion matrix
or error matrix means. It compares the relationship between
ground truth reference data and the corresponding results of a
classification on a class-by class basis [54]. The number of
classes is equal to square matrices include the number of rows
and columns. Producer accuracy is a accuracy measurement for
particular classification scheme by showing the total of correct
classified on particular ground class in percentage [52]. It is
calculated by dividing total of each elements in ground truth
pixel and MLC pixel diagonally:

,
where,
caa = element at position ath row and ath column,
c*a = column sums

User Accuracy is used to measure of the performance
classification. It indicates the percentage of probability that the
class which a pixel is classified to on an image represents that
class on the ground. It is calculated by dividing each of the
diagonal elements in a confusion matrix by the total of the row
in which it occurs:

(3)

Topographic map is two-dimensional representation of a
portion of the three-dimensional surface of the earth.
Topography exist to represent the land surface by shaping of
the land surface [55]. In this research, topographic map is a
detailed and accurate the illustration of man-made and natural
features on the ground such as roads, canal, resident area,
school, water area, clear land, oil palm plantation and
geographic names.
Topographic map will build buffer layer for road, canal, and
resident area. The buffer is classes base on the gap of human
access to the prediction of fire locator. On the other hand, the
fuel type classes will be classified based on fire hazard rating
index in Table 1, for example, null index will include water
and canal area, low index will include bare land and road area,
etc.
Fire hazard ratings index play as indication for the
consequences of fire, if fire was to start. The dangerous
conditions were determined by level of fire danger scale, the
higher fire danger will cause more dangerous the conditions.
Null level is considered as the area is hard to make or spread
fire. Low level fire hazard index may easily start and quickly
spread the fire but with minimal involvement of larger or
deeper fuels layers. Moderate level increased the risk on
surface fires starts. High level may easily start the fire, burn
vigorously, and will challenge fire suppression efforts.
Extreme level is extremely serious and easily start new fires,
spread rapidly, and fire suppression efforts will more
challenging. The higher value of FHRI result the higher risk of
fire hazard on the study area. This study will retrieve value of
FHRI from topographic map that have been process.

RESULTS & DISCUSSION
The outcome of MLC classification after assigning the classes
with suitable colours, is shown in Figure 3. Result of the area
distribution are 24.1 percent of peat land area, 24.1 percent of
bushes area, 19.7 percent of resident area, 11.5 percent of road
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area, 7.0 percent of oil palm plantation area, 6.5 percent of
burn area, 4.4 percent of canal area, 2.5 percent of bare land
area, and less than 1 percent is water area. Luckily, there are no
clouds and their shadows are covered on this study area.
Peat land and bushes area covers most of the study area in the
scene nearly half of the study area. It is no wonder study area
faced forest fire annually as mention in introduction, because
the fuel type is highly flammable materials [56]. Most of the
resident area and oil palm dominate the northern and southwest parts respectively and surrounded by peat land and bushes
area. The condition of resident and oil palm area will cause
threat if there are fire hazard occur at the peat land or bushes
area. A quite large area of bare land can be seen in the west
near to the resident area due to development at that moment,
while burn area can be seen mostly in the north-west, northeast and south-east of the image and this area previously was
peat land or bushes area. The canal cover around the oil palm
area and water area is on Indera Sempurna resident area.

Table 2 shows that all classes possess producer accuracy
higher than 75% and it is considered good result base on
previous study by other researchers [52, 57]. The highest
producer accuracy result was bare land gives 100% and the
lowest gives 76.35% from canal area. The relatively reasons of
low accuracy from canal area mainly cause by the pixels
classified as road by 4% and residential area by 1%. The pixels
of oil palm was misclassification due to canal and peat land
that share some pixels. Although both canal and road have
quite similar physical structure or tend to have similar spectral
behaviour and therefore can easily be misclassified as each
other but the result show otherwise due to the different
wavelength position capture by remote sensing. The minimum
acceptable overall accuracy is 85% [58, 59] but in this study
MLC yielded an overall accuracy of 97.4% and kappa
coefficient 0.97, indicating very high agreement with the
ground truth.

Table 1. Fire hazard rating index for modelling
No.

Fuel type layer (F)

1.
2.
3.
4.
5.
6.
7.
8.
9.

Burn Area
Bushes
Water
Road
Canal
Peat land
Resident area
Bare land
Oil palm/plantation
Road buffer Layer
0 – 50 m
50 – 100 m
100 – 150 m
150 – 200 m
> 200 m
Canal buffer layer
0 – 50 m
50 – 100 m
100 – 150 m
150 – 200 m
> 200 m
Resident buffer layer
0 – 50 m
50 – 100 m
100 – 150 m
150 – 200 m
> 200 m

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Fire Hazard Rating
Classification
High
High
Null
Low
Null
Extreme
Moderate
Low
Moderate
Extreme
High
Moderate
Low
Null
Extreme
High
Moderate
Low
Null
Extreme
High
Moderate
Low
Null
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Fire Hazard Rating
Index (FHRI)
4
4
1
2
1
5
3
2
3
FHRI
5
4
3
2
1
FHRI
5
4
3
2
1
FHRI
5
4
3
2
1
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Figure 3. Land cover classification using Maximum likelihood classification

Table 2. Confusion Matrix for MLC

Bare land

Oil palm

89.47

0.00

0.00

0.00

62.50

0.00

0.00

0.00

0.00

5.79

51.52

Water

0.00

87.50

0.00

0.00

32.65

0.00

0.00

0.00

0.00

1.23

100.00

Road

0.00

0.00

88.31

0.00

0.00

4.08

0.00

0.00

0.00

12.63

100.00

Bushes

0.00

0.00

0.00

100.0

0.00

0.00

0.00

0.00

0.00

19.82

94.44

Peat land

0.00

0.00

0.00

0.00

67.35

0.00

0.00

0.92

0.00

6.14

93.00

Canal

0.00

0.00

0.00

0.00

0.00

94.90

0.00

6.42

0.00

17.54

94.29

Bare land

0.00

0.00

0.00

0.00

0.00

0.00

100

0.00

0.00

4.39

96.00

Oil
palm/
Plantation

0.00

0.00

0.00

0.00

0.00

0.00

0.00

92.66

0.00

17.72

85.71

Resident Area

5.26

12.5

11.69

0.00

0.00

1.02

0.00

0.00

98.63

14.74

100.00

Total

100

100

100

100

100

100

100

100

100

100

Producer
Accuracy (%)

89.47

100

87.50

88.31

94.90

76.35

100.0

98.63

92.66
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Canal

Burn Area

Resident
Area

Bushes

Peat Land

Road

User
Accuracy
(%)

Water

Mapped
Class

Burn Area

Ground Truth (Percent)
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Result of the fire hazard rating index by transform the
maximum likelihood classification image has been shown in
Figure 4(a). Every fuel type has been converted into fire hazard
rating index value such as water and canal as null risk, road
and bare land as low risk, resident area and oil palm/plantation
as moderate risk, burn area and bushes as high risk, and peat
land as extreme risk. This result was generated by Landsat 8
image processing and classify with FHRI base on level of
potential hazard and considered as one of the hazard-index
map layer band.
Topographic map such as road map, canal map, and residential
map was generated by topology map using QGIS software. In
order to calculate the FHRI, the buffer layer has been added to
topographic map as details in fire hazard rating index for
modelling in table 1. The result after buffer layer was added
are shown in Figure 4. The color represented for buffer layer as
same as the fuel type hazard-index map layer. Purple color
represents the null level, blue color represents the low level,
green color represents the moderate level, yellow color
represents the high level, and red color represents the extreme
level.
Result of the integration of four layer of hazard-index map are
shown in Figure 5. All the value of FHRI of fuel type, road
buffer, resident area buffer, and canal buffer was calculated to

generate the final hazard-index map. The final result FHRI
shows that overall of the resident area and oil palm plantation
area is moderate but some area is high and extreme danger.
The extreme and high spot area should be given more attention
because fire hazard in this area is crucial. This matter is caused
by, the residential area involved more than 10,000 lives which
is covered schools, 2188 unit of houses in Taman Indera
Sempurna 1 and 2, and more than 100 unit of shop buildings
[60].
The road area also needs to give more attention while faced
moderate and high level of FHRI. Jalan Kuantan – Pekan on
the study area is the main road for pekan citizens to access
Kuantan city or north region and vice versa. Year 2014 is the
most worst forest fire tragedy near road on study area, lots of
vehicle are crashed or accidents due to the fire hazard with the
thick smoke [61].
Table 3 show the summary of the results as presented in Figure
5. Over 50% of study area faced low fire hazard, moderate fire
hazard is the second highest covering 41.16% of the study area.
High and extreme fire hazard area cover up to 5% in total.
Even though the percentage of high and extreme fire hazard
rating index seem mild, but should not be taken lightly.

Figure 4. Fire Hazard Rating Index (FHRI) for (a) Fuel Type; (b) Canal buffer; (c) Resident Area buffer; (d) Road buffer
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Ascertain the map in Figure 5, the extreme fire hazard index
located near to residential and high fire hazard index is on the
road. Although the fire hazard is quite related to fuel type but
fire hazard rating index include both fuel type and dynamic of
fire behaviour. Result shows the extreme fire hazard index not
only cause by flammable fuel type such as peat land but also
considered the danger tendency from constantly human access
area.
Therefore, this study important not only to decide the
proportion of fuel type that can easily to burn but also mapping
the potential high hazard if forest fire occurred. The model as
shown in table 3 considered more reliable by providing the
valuable information about the most highly area will be
affected by the fire hazard.

maximum likelihood classification. The fuel type for the study
are widely recognized as crucial in forest fire hazard
prevention and suppression due to flammable material. While
GIS topographic map processing facilitate the possible in the
making of buffer zone map to assist the gap of human access to
the prediction of fire locator. Integration of the information
from Landsat 8 image and topographic map proposed the forest
fire hazard map model was performed properly in identify the
potential areas subjected to a higher fire hazard. Further
research should be devoted to testing the other layer of Landsat
8 such as thermal layer to predict the location of forest fire will
occur. The integration of fire hazard map data with forest fire
forecast will improve the study are fire hazard defence.
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Figure 5. Hazard index map.

Table 3. Proportion of fire hazard values affected by the fire in the study area
Color Overlay

Fire Hazard Rating Index
Null
Low
Moderate
High
Extreme
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Cover Area (%)
0.38
53.46
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