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Foreword

It ismy pleasure towrite a Foreword to the book onVegetation Fires and Air Pollution
in Asia, edited by Drs. Krishna Prasad Vadrevu, Toshimasa Ohara, and Chris Justice.
I wrote the forewords to their earlier books: (1) Land-Atmosphere Interactions in
South/Southeast Asia (2018) and (2) Biomass Burning in South and Southeast Asia
(2022) that drew wide attention in the research community. Wildfires are among the
most serious disasters over the globe and in South and Southeast Asian countries,
in particular. Transboundary pollution from vegetation fires is a recurrent environ-
mental problem in Asian countries. Addressing fire-related impacts on ecosystems
and the atmosphere requires robust information on their spatiotemporal character-
istics, including impact assessment and uncertainties. Remote sensing and geospa-
tial technologies offer unique opportunities for mapping and monitoring fires and
emissions estimation, and impacts assessment needed for land management and air
pollution control.

The current book is a compilation of articles on various fire-related topics from
renowned researchers in the USA and South/Southeast Asia. The contributions in
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Foreword vii

scientists, this book is a significant addition to the literature on fire research and
applications and biomass burning in South/Southeast Asia. I am impressed with the
book’s content and the rich contributions from regional scientists. The book is a
timely contribution to NASA LCLUC SARI science and reflects the current status
in this research field.

The editors of this book are highly active and reputed researchers who have
published multiple books earlier. I commend all the team members, particularly the
Chief Editor, Dr. Krishna Prasad Vadrevu, SARI Lead, on accomplishing another
big task of compiling rich material. I am confident it will motivate new, exciting
research on fire and emissions and trigger innovative ideas. I welcome more such
contributions from the US and regional scientists and wish you all good reading.

Dr. Garik Gutman
Land-Cover/Land-Use Change

Program Manager
NASA Headquarters

Washington DC, USA

Reference

Gutman, G., Csiszar, I., and P. Romanov. 2000. Using NOAA/AVHRR products to monitor El Nino
impacts: Focus on Indonesia in 1997–98. Bulletin of the American Meteorological Society 81:
1189–1205.



Contents

Vegetation Fires and Biomass Burning in South/Southeast
Asia—An Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Krishna Prasad Vadrevu, Toshimasa Ohara, and Chris Justice

Mapping, Monitoring, and Modeling of Vegetation Fires

Wildfire Monitoring Using Infrared Bands and Spatial Resolution
Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Wei Zheng, Jie Chen, Jinlong Fan, Yajun Li, and Cheng Liu

Status and Drivers of Forest Fires in Myanmar . . . . . . . . . . . . . . . . . . . . . . . 35
Sumalika Biswas and Krishna Prasad Vadrevu

Vegetation Fires and Entropy Variations in Myanmar . . . . . . . . . . . . . . . . . 53
Krishna Prasad Vadrevu, Pranith Salikineedi, Aditya Eaturu,
and Sumalika Biswas

Crop Residue Burning and Forest Fire Emissions in Nepal . . . . . . . . . . . . 71
Bhupendra Das, Siva Praveen Puppala, Bijaya Maharjan,
Krishna B. Bhujel, Ajay Mathema, Dhurba Neupane,
and Rejina M. Byanju

Firewood Burning Dynamics by the Sri Lankan Households:
Trends, Patterns, and Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Asankha Pallegedara and Ajantha Sisira Kumara

Burnt Area Signal Variations in Agriculture and Forested
Landscapes of India—ACase Study Using Sentinel-1A/B Synthetic
Aperture Radar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Krishna Prasad Vadrevu, Aditya Eaturu, and Sumalika Biswas

xvii



xviii Contents

Application of Interferometry SAR for Monitoring of Peatland
Area—Case Studies in Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Yessy Arvelyna, Prayoto Pranoto, Keiko Ishi,
and Krishna Prasad Vadrevu

Active Fire Monitoring of Thailand and Upper ASEAN by Earth
Observation Data: Benefits, Lessons Learned, and What Still
Needs to Be Known . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Veerachai Tanpipat, Jessica L. McCarty, Diane Davies,
Wilfrid Schroeder, and Chris Elvidge

Detecting Vegetation Regrowth After Fires in Small Watershed
Settings Using Remotely Sensed Data and Local Community
Participation Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Thaworn Onpraphai, Attachai Jintrawet, Angkana Somsak,
Suprapat Khuenjai, Pong Loungmoon, Bounthanh Keoboualapha,
and Jun Fan

Long-Term Spatiotemporal Distribution of Fire Over Maritime
Continent and Their Responses to Climate Anomalies . . . . . . . . . . . . . . . . 173
Aulia Nisa’ul Khoir, Maggie Chel Gee Ooi,
and Nur Nazmi Liyana Binti Mohd Napi

Vegetation Fires in Laos—An Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
Krishna Prasad Vadrevu, Chittana Phompila, and Aditya Eaturu

Vegetation Fires, Fire Radiative Power, and Intermediate Fire
Occurrence-Intensity (IFOI) Hypothesis Testing in Myanmar,
Laos, and Cambodia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
Krishna Prasad Vadrevu, Aditya Eaturu, Thav Sopheak,
Chittana Phompila, and Sumalika Biswas

Analyzing Fire Behavior and Calibrating a Fire Growth Model
in a Seasonally Dry Tropical Forest Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
Gernot Ruecker, Veerachai Tanpipat, and Kobsak Wanthongchai

Greenhouse Gas Emissions and Air Pollution

Spatiotemporally Resolved Pollutant Emissions from Biomass
Burning in Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Rui Xiong, Yatai Men, and Guofeng Shen

Twenty-Year (2000–2019) Variations of Aerosol Optical
Depth Over Asia in Relation to Anthropogenic and Biomass
Burning Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
Syuichi Itahashi, Junichi Kurokawa, and Toshimasa Ohara



Contents xix

Light Absorption Properties of Biomass Burning Emissions
in Bangladesh: Current State of Knowledge . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Shahid Uz Zaman, Md Safiqul Islam, Shatabdi Roy, Farah Jeba,
and Abdus Salam

Remote Sensing of Greenhouse Gases and Aerosols
from Agricultural Residue Burning Over Pakistan . . . . . . . . . . . . . . . . . . . 299
Salman Tariq, Hasan Nawaz, Zia Ul-Haq, and Usman Mehmood

A Comparative Study of Energy, Emissions, and Economic
Efficiency of Various Cookstoves in Nepal . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317
Narayan P. Adhikari, Prajwal R. Shakya, Shubha Laxmi Shrestha,
and Suyesh Prajapati

Estimation of Ultrafine ParticulateMatter Emissions fromBiomass
Burning Using Satellite Imaging and Burn Severity . . . . . . . . . . . . . . . . . . . 339
Perapong Tekasakul, Narissara Nuthammachot, Rachane Malinee,
John Morris, and Racha Dejchanchaiwong

Characteristics of Transboundary Haze and General Aerosol Over
Pulau Pinang, Malaysia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
Lim Hwee San, Brent N. Holben, Ezekiel Kaura Makama,
and Mohamad Farid Izzat Bin Zahari

Measurements of Atmospheric Carbon Dioxide Emissions
from Fire-Prone Peatlands in Central Kalimantan, Indonesia,
Using Ground-Based Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Masafumi Ohashi, Windy Iriana, Osamu Kozan, Masahiro Kawasaki,
and Kenichi Tonokura

Air Pollution Caused by Peatland Fires in Central Kalimantan . . . . . . . . 401
Hiroshi Hayasaka and Aswin Usup

Chemical Speciation of PM10 Emissions from Peat Burning
Emission in Central Kalimantan, Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Puji Lestari, Isna Utami, Febri Juwita, Rajasekhar Balasubramanian,
and Jeffrey S. Reid

GHG Emissions’ Estimation from Peatland Fires
in Indonesia—Review and Importance of Combustion
Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433
Bambang Hero Saharjo

Forest Fire Emissions in Equatorial Asia and Their Recent Delay
Anomaly in the Dry Season . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447
Ida Bagus Mandhara Brasika



xx Contents

Air Pollution Modeling and Decision Support Systems

Impact of Vegetation Fires on Regional Aerosol Black Carbon
Over South and East Asia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465
Yogesh Kant, Aryan Natwariya, Debashis Mitra, and Prakash Chauhan

Detection and Modeling of South Asian Biomass Burning Aerosols
from Both Macro- and Micro-perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
Shuaiyi Shi, Tianhai Cheng, Yu Wu, Xingfa Gu, Xiaoyang Li,
Siheng Wang, and Yuyang Wang

Remote Sensing of Agricultural Biomass Burning Aerosols,
Gaseous Compounds, Long-Distance Transport, and Impact
on Air Quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 499
Yonghua Wu, Yong Han, and Fred Moshary

Agricultural Fires in Northeast China: Characteristics, Impacts,
and Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 517
Jiumeng Liu and Yuan Cheng

Air Pollution Modeling in Southeast Asia—An Overview . . . . . . . . . . . . . . 531
Teerachai Amnuaylojaroen

Trace Gases and Air Quality in Northwestern Vietnam During
Recurrent Biomass Burning on the Indochina Peninsula Since
2014—Field Observations and Atmospheric Simulations . . . . . . . . . . . . . . 545
Simone M. Pieber, Stephan Henne, Nhat Anh Nguyen,
Dac-Loc Nguyen, and Martin Steinbacher

Southeast Asian Transboundary Haze in the Southern Philippines,
2019 and Meteorological Drivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 559
Krishna E. Santos, Mylene G. Cayetano, and Prisco D. Nilo

An Operational Fire Danger Rating System for Thailand
and Lower Mekong Region: Development, Utilization, and
Experiences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 575
Veerachai Tanpipat, Kasemsan Manomaiphiboon, Robert D. Field,
William J. deGroot, Prayoonyong Nhuchaiya, Narin Jaroonrattanapak,
Chatchaya Buaniam, and Jittisak Yodcum

Fires Hotspot Forecasting in Indonesia Using Long Short-Term
Memory Algorithm and MODIS Datasets . . . . . . . . . . . . . . . . . . . . . . . . . . . . 589
Evizal Abdul Kadir, Hsiang Tsung Kung, Arbi Haza Nasution,
Hanita Daud, Amal Abdullah AlMansour, Mahmod Othman,
and Sri Listia Rosa



xxii Editors and Contributors

Dr. Chris Justice is a professor at the Department
of Geographical Sciences, University of Maryland,
College Park, USA. He has 40 years of research experi-
ence. His current research is on land-cover and land-
use change and global agricultural monitoring using
remote sensing. He is an authority on satellite remote
sensing of fires. He serves as Project Scientist for the
NASA LCLUC Program, the Land Discipline Lead for
the NASA MODIS and the Suomi-NPP VIIRS Science
Team. He is Co-Chair of the GEO Global Agricul-
tural Monitoring initiative (GEOGLAM), Chief Scien-
tist for NASAHARVEST, and Chair of the international
Global Observations of Forest and Land-Use Dynamics
(GOFC-GOLD) program.

Contributors

Narayan P. Adhikari Alternative Energy Promotion Center, Kathmandu, Nepal

Amal Abdullah AlMansour Department of Computer Science, King Abdul Aziz
University, Jeddah, Saudi Arabia

Teerachai Amnuaylojaroen School of Energy and Environment, University of
Phayao, Phayao, Thailand

Yessy Arvelyna Remote Sensing Technology Center of Japan, Tokyo, Japan

Rajasekhar Balasubramanian Department of Civil and Environmental Engi-
neering, Faculty of Engineering, National University of Singapore, Singapore,
Singapore

Krishna B. Bhujel Nepal Energy and Environment Development Services
(NEEDS), Kathmandu, Nepal

Sumalika Biswas University of California, Los Angeles, USA

Ida Bagus Mandhara Brasika Department of Marine Science, Udayana Univer-
sity, Bali, Indonesia;
Department of Mathematics and Statistics, The University of Exeter, Exeter, UK

Chatchaya Buaniam Department of National Parks, Wildlife, and Plant Conser-
vation, Ministry of Natural Resources and Environment, Bangkok, Thailand

Rejina M. Byanju Central Department of Environmental Science, Tribhuvan
University, Kirtipur, Nepal

Mylene G. Cayetano Institute of Environmental Science andMeteorology, Univer-
sity of the Philippines-Diliman, Quezon City, Philippines



Fires Hotspot Forecasting in Indonesia
Using Long Short-Term Memory
Algorithm and MODIS Datasets

Evizal Abdul Kadir, Hsiang Tsung Kung, Arbi Haza Nasution, Hanita Daud,
Amal Abdullah AlMansour, Mahmod Othman, and Sri Listia Rosa

Abstract Vegetation fires aremost common in South and SoutheastAsian countries,
including Indonesia. In addition to anthropogenic causes, climate change in the form
of droughts is the biggest driver of fires in Indonesia. In particular, the peatlands in
Indonesia are highly vulnerable to droughts with recurrent fires. In this study, we
used a long short-term memory (LSTM) algorithm to predict the fire hotspots based
on the 2010 to 2021 fire data. More than 700,000 fire hotspots from 2010 to 2021
have been collected and used as a training dataset to forecast fires for the year 2022.
The LSTM algorithm successfully predicted 2022 fires with the minimum root mean
squared error and high accuracy. Furthermore, the results of the 2022 prediction year
matched the previous year’s fire data seasonally, with increasing fires from August
to November. The study highlights the potential use of the LSTM algorithm for
forecasting fires in Indonesia.

Keywords Fires hotspot · Forecasting · Indonesia · LSTM · MODIS

1 Introduction

Fires are one of the biggest natural threats to forests, woodlands, and grasslands in
many countries, including Indonesia (Albar et al. 2018; Akther and Hassan, 2011;
Goldammer 2012; Hayasaka et al. 2014; Petropoulos et al. 2013; Justice et al. 2015;
Kadir et al. 2019, 2020, 2021). In several South/Southeast Asian countries, fire is
used to clear the forests for agriculture through slash and burn (Albar et al. 2018;
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Badarinath et al. 2007; 2008, 2009, 2015b; Badarinath and Prasad 2011; Biswas et al.
2015a); Biswas et al. 2021; Kant et al. 2000; Lasko and Vadrevu 2018; Petropoulos
et al. 2013; Prasad et al. 2001a,b; Prasad et al. 2002a, 2002b;2003; 2004; Prasad
and Badarinath 2004; Prasad et al. 2005; Prasad and Badarinth 2006; Vadrevu 2008;
2021a,b; Wooster et al. 2021; (Biswas et al. 2015a,b; Prasad et al. 2001a, b, 2002a,
b;) agricultural residues after crop harvest to clear the land for the next crop (Lasko
et al. 2017; 2018a,b; 2021; Vadrevu and Lasko 2015), to clear the forested lands
for plantations (Albar et al. 2018), promoting the growth of grass in pasture lands
for cattle (Thapa et al. 2022), etc., in addition to intentional or accidental human
activities. While most of these fires are anthropogenic, the drivers of fires can also
be natural such as lightning and extreme and prolonged drought conditions. Espe-
cially in tropical regions, there are usually two alternating rainy and dry seasons,
and forests and grassland fires are highly vulnerable to fires during the dry season.
Indonesia is one of the tropical countries with major fire issues, especially in Kali-
mantan and Sumatra Islandswith recurrent fires (Hayasaka et al. 2014). Regardless of
the ignition source, in forested areas, the fires can spread rapidly and become uncon-
trollable due to the local meteorological and environmental conditions. Further, fires
are a major important source of air pollution which results in the release of green-
house gas emissions and aerosols (Ito and Penner 2005; Gupta et al. 2001; Lasko
and Vadrevu 2018; Vadrevu and Badarinath 2009; Vadrevu and Justice 2011; Kharol
et al. 2012; Vadrevu and Lasko 2015; Vadrevu 2015; Vadrevu et al. 2008; 2013;).
The smoke particles released from fires can interact with the cloud droplets and
alter Earth’s radiation budget (Martins and Dias 2009). The GHG emissions from
biomass burning represent the largest source of inter-annual variability, in particular,
CO2 fluxes (Szopa et al. 2007; Kant et al. 2000;). Biomass burning is estimated
to contribute to 7600 ± 359 Tg CO2eq year − 1 (FAOSTAT 2020). In addition,
biomass burning has been shown to influence various land-atmospheric interactions
at different scales, such as vegetation transpiration, soil erosion, albedo (Crutzen
and Andreae 1990). Smoke-borne aerosols from fires disrupt normal hydrological
processes and reduce rainfall, potentially contributing to regional drought. In addition
to these effects on Earth’s radiation, atmosphere, climate, and ecosystems, the pollu-
tants released from the fires (Vadrevu et al. 2014a,b, 2017, 2018 2019) can impact
health resulting in asthma, acute respiratory illness, eye irritation, cardiovascular
mortality, thrombosis, etc. (Sigsgaard et al. 2015). Thus, fires can become a disaster
for humans and the environment due to their severity and intensity. Considering these
effects, mapping and monitoring of fires, including forecasting, can not only help in
understanding land-atmospheric interactions useful for climate change studies but
also protecting human lives, ecosystems, and related functions (Goldammer 2012;
Eaturu and Vadrevu 2021; Vadrevu and Justice 2011; Vadrevu et al. 2020; 2021a,b,
2022a; b).

Several techniques have been proposed to forecast fires, such as fire danger indices
combining climate data with site characteristics and fire data records (Akhter and
Hassan 2011; Vadrevu et al. 2021a, b). In addition, multiple machine learning algo-
rithms were also used to characterize fire patterns and predict fires. For most algo-
rithms, previous fire data is essential for calibration and prediction (Liang et al. 2019;
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Omar et al. 2021; Lamjiak et al. 2021; Abdul Kadir et al. 2022; Mohan et al. 2021).
These studies considered both the climate and environmental factors in predicting
the fires. Including meteorological factors in the prediction of fires is important as
they can drive accuracy. A comprehensive data analysis of fire hotspot occurrences,
their fire size, intensity, and how they can potentially spread into new areas, including
forecasting methods, were given in earlier works (Khabarov et al. 2008; Han et al.
2019; Kadir et al. 2019; Kukuk and Kilimci 2021; Prapas et al. 2021). Recently, deep
learning algorithms are gaining popularity in various fields, such as pattern recogni-
tion, including forecasting (Benzekri et al., 2020). In this study, we use the popular
long short-term memory (LSTM) algorithm to forecast fires in Indonesia for 2022.
We used the fire spots data derived from the Moderate Resolution Imaging Spec-
troradiometer (MODIS) from 2010 to 2021 and tested the algorithm’s robustness in
predicting the fires for 2022.

2 Datasets and Methodology

We used the NASA MODIS fire hotspots data from 2010–2021 for our study. Table
1 shows the sample fires dataset for Indonesia. The data has been normalized and
grouped into a single date of fire occurrence. The data has been split into training
and testing for fire forecasting. In the field of deep learning, the LSTM algorithm is
an artificial recurrent neural network (RNN) architecture and was first introduced by
Hochreiter and Schmidhuber (1997). LSTM is a special model of RNN that capable
of learning in long-term dependencies and remembering information for prolonged
periods as a default. Figure 1 shows the RNN-LSTMmodel’s architecture, consisting
of several main blocks called cells with input, output, and forget gates. The sigmoid
activation function classifies the values in probabilities for the two predefined classes
in the dense output layer.

The LSTM model can be explained as short-term memory, which acts when the
information is being acquired, retains for a few seconds, and then destines it to
be kept for more extended periods or discards it. Long-term memory permanently
retains information, allowing its recovery or recall. It contains all our autobiograph-
ical data and all our knowledge. LSTMmodel can handle the problemwith long-term
dependencies of RNN in which the RNN algorithm cannot do in the prediction of the
information stored in the long-term memory but can give more accurate prediction
from the recent information. LSTM can use by default to retain the data for a long-
term period. The algorithm can predict, process, and classify based on time series
data (Le et al. 2019). The LSTM model has an incredible way of forecasting and
works well in time series data. Furthermore, this model can organize in the form of
a chain structure and has four interacting layers with a unique method of commu-
nication in data processing. Figure 2 shows an analysis block diagram of how the
forecasting process of the fire hotspot is done in our study.
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Fig. 1 Structure of
RNN-LSTM algorithm

Fig. 2 Approach followed
for fire forecasting using
LSTM

The first step in data processing in forecasting is to construct an LSTM network
model to identify the inputs and eliminate the information that is not necessary for
the cell structure of LSTM (Fig. 1). The process of identifying and excluding data is
governed by the sigmoid function, which takes the output of the last LSTM unit ht−1

at time t − 1 and the current input Xt at time t. Additionally, the sigmoid function
determines which part from the old output should be eliminated. This gate is called
the forget gate ft ; where f is a vector with values ranging from 0 to 1, corresponding
to each number in the cell state, Ct−1. . Our collected data had more than 700,000
fire hotspots within 12 years and, after normalization, became 4365 datasets of fires
grouped in each day. The data was divided into training and testing data (Fig. 2). The
optimization process was followed to evaluate results, increase the performance and
enhance accuracy to minimize the error and final forecasting. The LSTM cell with
sigmoid function W f and b f are the weight matrices and bias, respectively, of the
forget gate. This step decides and stores the input data from the new information Xt
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Fig. 3 Internal LSTM model process

in the cell state and updates the cell state. Then, the sigmoid layer decides whether the
new data should be updated or ignored (0 or 1), and the tan h function gives weight
to the values which is passed by deciding their level of importance (1 to 1). The two
values are multiplied to update the new cell state. This new memory is then added
to the old memory Ct−1 resulting in Ct . Figure 3 depicts how the neuron process of
the LSTM model works (Chen et al., 2021).

The next step is Ct−1 and Ct are the cell states in the LSTM cell at time Ct−1 and
t while W and b are the weight matrices and bias of the cell state. In the last step,
the value of ht is based on the output cell state ot , a sigmoid layer decides which
parts of the cell state make it to the output. Next, the output of the sigmoid gate ot is
multiplied by the new values created by the tanh layer from the cell state Ct , with a
value ranging between 1 and 1. Finally, the performance of the fire forecasting was
done using the root mean square error (RMSE) with the prediction and actual data
values using the below equation (1).

RMSE =

√
√
√
√

∑n
i=1

(

Xi − X̂i

)2

n
(1)

In the equation, Xi and X ′
i are the actual fires hotspot data compared to forecasting

fires data at the time t; Xi is the mean of actual values fires data and n is the total
number of data. The smaller the RMSE values, the better the prediction.
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3 Results and Discussion

Our fire dataset consisted of several parameters such as coordinate or location of
fire occurrence, date and time, confidence level (probability of becoming a big fire
and spreading out), brightness, day or nighttime, etc. (Table 1). In addition, we
specifically used parameters that have amajor impact and are essential to forecasting,
which includes coordinates (latitude and longitude), acquisition date (acq_date), and
confidence level. Figure 4a shows themappingoffire hotspot distribution in Indonesia
for 2021 and Fig. 4b for 2020. The fire hotspots were classified into five confidence
levels, starting with the lowest from 0, low impact, and less potential to spread till
100, with high impact and high probability spread potential to become a big fire. The
five-level classifications with confidence levels are shown in different colors (0–20
blue dot; level 21–40 green; 41–60 yellow; 61–80 as orange and 81–100 red with
the highest).

Themonth-wise fire distribution is shown in Fig. 5a, b for the years 2021 and 2020,
respectively. Classification based on confidence level and the distribution matched
well with the total number of hotspots. Mostly, the map showed yellow and orange
colors with confidence levels varying from 41–60 and 61–80, respectively. While
red color is the highest potential of fire hotspots spread, they showed less in number
in the predicted map.

Results from the LSTM suggested a similar pattern and number of daily fire
hotspot incidents, with a maximum of 600 to 700 from the September to November
dry or summer season. The daily average number of hotspots is 87. Although this
number is insignificant for the entire of Indonesia, the number might increase dras-
tically due to the prevailing weather and other fire-favorable factors. Another issue
is the type of land that gets affected due to fires. For example, the Sumatra and
Kalimantan Islands peatlands are easily ignited when dry land and fires are diffi-
cult to control. The LSTM algorithm for forecasting fire hotspots in Indonesia has
been tested preliminarily to the 2121 data before 2022. Figure 6 compares actual
fire hotspot data and forecasting results for the year 2021; the results showed a good
agreement between the graphs. Preliminary forecasting suggested an RMSE error
of 4.56%. We then fine-tuned the LSTM forecasting algorithm for 2022 by training
more than 4000 datasets using the filtered data from 2010 to 2021; in essence, 30%
of the total data was used for training and the rest 70% for testing.

Figure 7 shows a good agreement and similar normal distribution patterns for all
the years, i.e., 2020, 2021, and 2022. The high occurrence of fire hotspots detected
in the early part of the year, i.e., March, and lesser in the middle of the year, then
increasing from September to November, is a typical pattern reflected in the figures.
The spikes during the few days in late September are attributed to seasonal fires in
Sumatra Island.

Overall, the LSTM RNN algorithm showed successful results with minimum
error. The results of the 2022 prediction year matched the previous 2021-year fire
data. Forecasting results in 2022 show good agreement and a similar pattern of fires
with increasing fires from August to November. By comparing the predicted data
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Fig. 4 Mapping of fires hotspots in Indonesia a year 2021 b year 2020

with the previous year’s data, we could achieve an accuracy of up to 95% with an
RMSE error of 4.56%.More robust data is required on the local conditions to achieve
further high accuracy at specific locations. Our future studies will focus on the same,
i.e., collecting and analyzing the data at a much higher spatial resolution for different
regions in Indonesia.

4 Conclusion

We demonstrated the long short-term memory (LSTM) algorithm’s potential in
predicting and forecasting fire hotspots in Indonesia. A fire hotspots dataset from
2010 to 2021 obtained from the NASA MODIS data has been used to train and
forecast fires for 2022. By comparing the predicted data with the previous year’s
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Fig. 5 Distribution of fires hotspots in Indonesia for the year from January to December a year
2021 b year 2020
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Fig. 6 Comparison of actual and fire forecasting data for year 2021

Fig. 7 Forecasting of fires hotspots in year 2022 and actual data of fires in year 2020–2021

data, we could achieve an accuracy of up to 95% with an RMSE error of 4.56%. The
forecasted fire data patterns matched the previous year’s data in seasonality from
January to December. It is noted that the number of hotspots increase by the end of
each year due to the dry season in Indonesia.
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