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Abstract —Indonesia is one of the countries in South East
Asia has significant forest fire with dangerous impact to
neighboring countries of the emission of haze and carbon. In this
research aims to do plotting and mapping location with high
number fire hotspot then forecasting potential number of
hotspots in future time based on previous of history data
collected. The forecasting data achieve is very important and
beneficial for the authorities as one of references for preventive
action and avoid scattering of forest fire. Long Short-Term
Memory (LSTM) algorithm implemented in this research for
analysis and forecasting of fire hotspot number while Python
programming used to plot hotspot point. The source of fire
hotspot dataset is referred to The National Aeronautics and
Space Administration (NASA) Moderate Resolution Imaging
Spectroradiometer (MODIS) recorded from year 2021 with
total number is about 100,000 hotspots in Indonesia region.
Results show the distribution of fire hotspot concentration most
in Sumatra and Kalimantan Island because the typical of land
which peat that potential for getting fire. Forecasting of number
hotspot for the year 2022 has achieve with good results with
error less than 5% which only 4.56%.
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I. INTRODUCTION

Forest fire is a common issue globally, most of region
with high intensity of wild and forest potential for getting fire.
Beside that behavior of community living around the forest
area is another source of getting fire for example free land
cleaning and de-forestry. Indonesia is a country located in
South East Asia which tropical region that has only two
season which dry or summer and raining. Contour and typical
land of Indonesia with forestry and peat land especially for
Sumatra and Kalimantan Islands high potentially contribute
fire in dry season. Most of every year forest fire happened in
summer because of typical land and behavior of community
in rural area with lack of education the cleaning the land by
deforestation. Furthermore, impact of the forest fire to the
community is very dangerous for example air pollution due
to haze and carbon emit from the fire to the human health as
well as for the ecosystem surrounding the forest area.
Children and human has difficulty fir breath and respiratory
issue because of bad oxygen as well as for flora and fauna.
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Research in this topic has been done by several researchers
in prediction of forest fire with various of approach and
objectives. In [1-4] discussed method of data analysis in
prediction of fire hotspot used machine learning with several
kinds of model. Climate change has influence of the
characteristic and typical source of environmental and data
aspect. The prediction process of fire hotspot and accuracy
related to the meteorological data as well as other factor in
environmental changes. The other research discussed on the
data analysis with comprehensive study of fire hotspot by
measure the size of spot and fire concentration in common
country potentially getting fire in tropical region. The
analysis of fire hotspot also considers the color and size of
fire with prediction potential spreading scales as elaborated
in [5-7]. The occurrence of fire hotspot determined of how
high potential and the impact due to forest fire.

In the first stage of analysis by identify amount of smoke
spread on the air from forest fire is one of the techniques
discussed by [8-11] to check how much the potential the area
getting fire. LSTM algorithm applied to identify of model and
pattern of the previous collected fire hotspot data. The
prediction only covers in the small dedicated area to proof
that proposed algorithm is working fine. Wild and forest fire
investigation and forecasting by consider fire datasets by
computerized reasoning as discussed is one of method to do
a prediction of fire spreading. Recurrent Neural Network
(RNN) is an algorithm which capable to integrated in
prediction and propagation fire spreading likely better in data
analysis by a time series data. Wireless sensor network
(WSN) is a technology used to detect wild and forest fire in
low level or ground sensing system as elaborate in [12-15].
The rising of ground temperature due to forest fire has impact
to many of ecosystem on earth, efforts have been taken to
minimize and overcome the fire by prediction the event.
WSN system applied for ground sensing with advantages to
collect fire data directly with high accuracy and minimum
noise, but in limited cover area due to short sensing range.
Another discussed results as mention in [16] which a method
to do predication of forest fore hotspot used machine learning
algorithm.
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II. FIRE DATA AND MONITORING

There are many kinds of natural disaster worldwide, wild
and forest fire is one of the disaster due to natural phenomena
for example extreme hot land due to summer or dry season.
Indonesia is a country located in South East Asia with typical
forestry because of in tropical region. Forest fire one of the
disasters that frequency happen in almost every year during
summer because of typical peatland that easy getting fire
when the ground is dry. Many efforts implement by
government, industries and community to prevent case of
forest fire but not significantly solve the issue, several
research have been conducted as well to find the source of
fires. In this research use deep learning algorithm and LSTM
model to do a prediction and plot forecasting results in order
to achieve distribution and scattering area of fire hotspot in
Indonesia region. Collected fire dataset by NASA is very
useful to analysis the data and plot in a map, then how the
hotspot distribution be able to analysis in detail.

The method used which is LSTM deep learning algorithm
model has ability to handle the problems with long-term
dependencies of RNN. While in some other algorithms unable
to do in accurate result because of long history and variety of
data. Big numbers of data with variety in which the
conventional algorithm unable to do in precise of the
information stored in the long-term memory but can gives
more accurate prediction from the recent information. LSTM
can apply by default to retain the data in a long-term period of
time. Normally used for predicting, processing, and classifying
on the basis of time-series data [17]. Prediction model to
calculate future number of fire hotspot used LSTM algorithm
require to justify the error, several model can be used to
calculate the forecasting such as Mean Square Error (MSE) to
calculate error in square. While Mean Average Error (MAE) to
calculate average error in a prediction of dataset. A method
called R? shows a proportion the number of variants in the
prediction of dataset, the calculation of all those methods can
be find as equation (1), (2), and (3) for MSE, MAE, and
R?respectively.
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where y; is actual number of fire hotspot in a time of #, y; is
a number of prediction hotspot in a time of i‘", Yavg 18
number of sample dataset as training data, while error number
use of metric regression model. All the model used to
calculate error assisting to check how the performance of
forecasting dataset in future time as well as calculate mean
error in a simulation.
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The source of fire hotspot dataset refers to MODIS data
available in NASA earth data, there are 15 indicators in the
dataset as shows. MODIS dataset based on satellite imaging
to detect the active fire hotspot from the sky, in some case the
image received from satellite may in low quality then effected
to the decision which number of hotspot and location.
Strategy to improve data quality and value that related to the
number of fire hotspot which preliminary analysis by filtering
incomplete or missing of dataset. Only complete and valuable
dataset process by the application to determine location and
number of fire hotspot. Total number of MODIS dataset
collected from NASA more than 100,000 data as for the year
2021 and forecasting for year 2022 [18]. All the fire dataset
only in Indonesia territory, data normalization is applied for
the first step of processing to avoid noise and incomplete data
in decision. Table 1 shows a set of data after filtering and
select only used data for analysis which only four parameters
in year 2010 to 2021.

TABLE I
NUMBER OF DAILY HOTSPOT DATA YEAR 2010 TO 2021

No Latitude Longitude Date Total
0 0.02110 116.87390 2010-01-01 42
1 0.48080 116.08060 2010-01-01 66
11 2.15090 117.49680 2010-01-01 0
10 -8.10890 118.07430 2010-01-01 0
8 -8.15960 117.58570 2010-01-01 43
14208 -7.22331 110.42920 2021-12-31 67
14209 -6.96059 110.45844 2021-12-31 55
14210 -5.80178 139.61118 2021-12-31 65
12211 -4.51654 136.84802 2021-12-31 56
14213 -4.54666 136.77507 2021-12-31 52

The distribution of fire data refer to the table 1 based on
daily event which in single day may have many occurrence
of fire hotspot detected. In order to create daily event of fire
graph then the data has to scale or group in every single day
that consist numbers of hotspot. Table 2 shows fires dataset
has been group into a single date of fire occurrence, the total
number of data from year 2010 to 202 1which is 12 years more
than 4000 hotspot. Those number of data used for data
training and testing to achieve forecasting in future year.
Grouping of the data to single day to optimize in the analysis
that forecasting of fire hotspot refer to single data. The
distribution of the data plotted in the line graph to check
maximum and minimum versus time in every year.
Scalability applied to do analysis in detail based on monthly
then number of hotspots be able to check in detail compare to
yearly. The minimize and analysis only the use of data is good
to reduce processing time and memory then fast processing.
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TABLE II
HOTSPOT DATA YEAR 2010 TO 2021

No Date Total
0 2010-01-01 12
2010-01-02 12

N

2 2010-01-03 5
3 2010-01-04 14
4 2010-01-05 36
4360 2021-12-27 7
4361 2021-12-28 6
4362 2021-12-29 4
4363 2021-12-30 30
4364 2021-12-31 7

A special RNN type of network which is LSTM algorithm
working based on a memory that in long data with short-term
network has ability to learn in long-term connections. One of
the advantages of the LSTM model is to do a forecasting of
event in series of time data and wide range of issues can be
handle. Thus, many case to solve the problem use this
algorithm and model to do analysis of data as well as in
prediction of data in future time. Furthermore, LSTM
algorithm ability to organize model in order to form of a chain
structure and has four interacting layers with a unique
method of communication each other’s in data processing.
Figure 1 shows an analysis block diagram how the
forecasting process of the fires hotspot in the future times.
Data training dan testing in separate block and running in
each process before LSTM algorithm do the analysis and
forecasting.
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Fig. 1. The analysis of block in data forecasting

The algorithm in this process of data mapping and
forecasting is refer to LSTM and the pseudo code as shows in
the figure 2, where X is the input data of fire hotspot in time
series from year 2010 to 2021 and the O is output forecasting
data for the future year and in this case prediction for one year

Algorithm FORE-LSTM.

Input: data stream X = {xq, X, ..., X;, ... }, X; € R, epoch [,
number of iterations K, error parameters o, cycle index N,
Number of decompositions m, White noise data W.

Output: Forecasting Result O.

X < xq,%3, .., %4, ..., X; €R // Input data

0 « {} // Output data

for eachi € N do

HY «x+ W H «x+W/|
for j€ldo

Hj; « FORE (H{"); H;; < FORE (H;)
end for

end for

for j e mdo

10: 0«3 (LSTM(IMF))
11: end for
which is 2022.

Fig. 2. The proposed deep learning algorithm
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III. RESULTS AND DISCUSSION

The results of mapping and forecasting of fire hotspot
dataset refer to MODIS data consist from several year with
parameter coordinate of hotspot, date and time, confidence
level which represent the probability of occurrence of fire,
brightness level, etc. as shown in previous data. In this
research and analysis, the available dataset only used four
indicator that to process further which are acquisition date
(acq_date), coordinate (latitude and longitude), and
confidence level. The distribution of level hotspot classified
into five categories or level of confidence, this method
applied in order to check which hotspot is very potential
getting fire for forest and which data is just low level that less
occurrence that not much impact. Figure 3 shows a complete
map of Indonesia region with number of fire hotspot plotting
base on the location and confidence level.
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Fig. 3. Mapping of fire hotspot in Indonesia region

The number of fire hotspot in Indonesia region refer to the
collected data and confidence level which classified in five
levels, then total number hotspot detected in every year with
thousands hotspot. In this analysis data presentation by
plotted the graph yearly indicate every level from January to
December in year 2021. Figure 4 shows the distribution of
hotspot every month for every level and the black line is the
total number of hotspots for the year 2021.
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Fig. 4. Fire graph of hotspot event in montly for the year 2021

Finally, forecasting result of fire hotspot achieved for the
year 2022, the distribution of training data more than 4000
dataset and 20% testing then plotted into a forecasting graph.
Fig. 9 shows the actual data year 2020 and 2021 and
forecasting data for the 2022 which similar trend and pattern as
well as the distribution of fire hotspot and rise in end of year.
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Fig. 5. Forecasting results of the hotspot for the year 2022

IV. CONCLUSION

Forecasting model used LSTM model have been done for
the year 2022 with training data 80% and 20% testing data as
results shows with performance accurate more than 95% with
error 4.56%, the successful of data forecasting indicate by the
pattern of data very similar as well as the trend for hotspot in
every month. Future work has plan to minimize or scale down

the mapping and forecasting in small zone based on state or
area may improve the accuracy to achieve detail results.
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