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Abstract. Fires on peatland frequently occurred in Sumatra and Kalimantan. Fires on peatland 
can be identified by hotspot sequential patterns. Sequential pattern mining is one of data 
mining techniques that can be used to analyse hotspot sequential patterns. Sequential pattern 
discovery equivalent classes (SPADE) algorithm can be applied to extract hotspot sequential 
patterns. The objectives of this work are: 1) to obtain hotspot sequential pattern in Sumatra and 
Kalimantan in 2014 and 2015, and 2) to develop a web based application using Shiny 
framework that is available in R package for hotspot sequential pattern visualization in 
peatland of Sumatra and Kalimantan. Hotspot sequential patterns were obtained using 
minimum support of 0.01 with the focus of analysis is the hotspot sequences with length two or 
more events.  This work generated as many 89 sequences with length 2 or more in Sumatra in 
2014, 147 sequences in Sumatra in 2015, 48 sequences in Kalimantan in 2014, and 51 
sequences in Kalimantan in 2015. Hotspot sequential patterns are visualized based on 
peatland’s characteristics, weather, and social economy. The features in this web based 
application have been tested and the results show that all features work properly according to 
the test scenario. 

1. Introduction 
Peatland in Indonesia has area around 20 million hectares [1]. The majority of peatland in Indonesia in 
located in Sumatra and Kalimantan. Ironically, peatland in Kalimantan have been burned for around 
2.66 million hectares (3.58% from total). In Sumatra, around 1 million hectares’ peatlands were 
burned. This will reduce the capability of peatland absorbing water during rainy season and this will 
prevent the flood occurrences. 

 Fires in peatland has been an annual disaster in Indonesia. Fires in peatland are usually 
influenced by several factors including human and weather factors. Human factors are difficult to 
remove because of the increasing of human needs that lead to vegetation burning for land conversion. 
In addition, drought is one of the weather factors that influence fires in peatlands. Fires in peatland can 
be detected using hotspot data. Hotspot data are collected coordinate points of area that have high 
temperature around those areas [1]. Hotspots that appear in sequence of at least two times in the same 
location are a strong indicator for peatland fires. 

 The emergence of hotspot that causes fires can be identified using data mining techniques. 
Hotspot data could be processed using sequential pattern mining which is one of the methods in data 
mining. There are several algorithms in sequential pattern mining, namely, generalized sequential 
pattern (GSP), sequential pattern discovery using equivalent classes (SPADE), frequent-pattern 
projected sequential pattern mining (FreeSpan), prefix projected sequential pattern mining 
(PrefixSpan), and mining closed frequent sequential pattern mining (CloSpan) [2]. 
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 Several researches in the references [3-7] have been doing researches about the processing of 
the hotspot dataset and those implementations. Hotspot sequence patterns were integrated with 
weather data in Riau to observe weather conditions for each sequence of hotspot using CloSpan 
algorithm [3].  There was  also a research that found  the  patterns  of  hotspot  sequences  in  Riau  
using  PrefixSpan  algorithm  [4].  There  was  a research that detected outliers  of daily hotspot data 
using K-Means clustering method on a web based application  which  was  built  using  the  Shiny  
framework  [5]. A web based application was also developed using the Shiny framework for 
DBSCAN clustering of data hotspot and visualized plot of hotspot clusters in Sumatra [6]. A web 
based application was also built using the Shiny framework for hotspot data classification using the 
C5.0 algorithm [7]. 
 The objectives of this research are to obtain hotspot sequential patterns in Peatland of Sumatra 
and Kalimantan and to visualize those sequential patterns in a web based application. The sequential 
patternswere observed based on the location of physical peatland fires. The algorithm which was 
applied in this research is a sequential pattern discovery using equivalent classes (SPADE). The 
SPADE algorithm finds patterns of sequential data quickly [8]. The SPADE algorithm already exists 
in R package so the sequences can be easily visualized using Shiny framework. 

2. Data and methods 

2.1. Dataset 
This study used hotspot dataset from FIRMS MODIS NASA (http://earthdata.nasa.gov). The hotspot 
data in Sumatra and Kalimantan used in this study startedfrom January 2014 to December 2015. The 
attributes of the hotspot dataset are latitude, longitude, brightness temperature, scan, track, acq_date, 
acq_time, satellite, confidence, version, bright_t31, and fire radiative power. The main attributes that 
used in this study are latitude, longitude, acq_date, and confidence. Latitude and longitude are the 
attributes ofhotspots location. Acq_date is the day that those hotpots were acquired by the NASA 
satellite. Confidence is confidence degree of hotspot.  

 In addition to hotspot data, this work utilizes Sumatra and Kalimantan peatland maps in 
shapefile format (.shp) that were obtained from Wetland International. Those maps are used to select 
hotspots that are located only in peatland, and to determine the physical characteristics of peatland 
where hotspot regularly occurred. QuantumGIS was used in this study to select hotspots that are only 
located in peatland. Characteristics of the peatland in Sumatra and Kalimantan were obtained from the 
peatland layer in shapefile format. There are three physical characteristics of the peatland 
namelypeatlanddepth, peatland type, and landuse. 

2.2. Sequential pattern mining 
Hotspot data will continue to grow in size over time. A database that consists of a group of sequences 
of events recorded based on the valid time is called a time-series database [8]. Hotspot dataset which 
have time attribute is an example of time-series databases. There are four patterns that can be obtained 
by processing the time-series data, i.e. trend analysis, similarity search, sequential pattern, and 
periodical pattern [9]. 

 Sequential pattern is a sequence of consecutive item-set appearance and all of the items 
occurred in almost the same time [8]. A sequence ‹a1, a2, …, an› is also included into the sequence ‹b1, 
b2, …, bm›, if i1< i2< … < in is on ‹a1 bi1, a2 bi2, …, an bin›. For example, the sequence ‹(3)(6, 7, 9)(7, 9)› 
can be called as part of the sequence ‹(2)(3)(6, 7, 8, 9)(7, 9)› in which (3) ⊆ (3), (6, 7, 9) ⊆ (6, 7, 8, 9), 
(7, 9) ⊆ (7, 9). However, ‹(2) (3)› is not part of the ‹(2, 3)› because ‹(2) (3)› means that 3 occurs after 
2 and ‹(2, 3)› means 2 coincides with 3. A sequence is called to be maximal sequence if it is not 
included in any sequence [9]. As an illustration in the hotspot dataset, ‹(2) (3)› indicates the 
occurrence of hotspots in the time period 2 followed by the occurrence in the time period 3.  
Moreover, the sequence ‹(2, 3)› denotes occurrences of hotspot in the time period 2 and 3.  
 Sequential pattern mining is a process of extracting sequential pattern that its support value 
exceeds the specified minimum support [2]. Sequential data typically include large dataset, so it would 
be more efficient if pruning their sequences are performed by support values. Minimum support value 
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is specified by user according to the needs of each user. Support is the percentage of transaction that 
contains a certain sub-sequences of total transactions. 

2.3. SPADE algorithm 
Sequential Pattern Discovery Algorithm using Equivalence classes (SPADE) is an algorithm to find 
patterns that use sequential equivalence classes to be divided the main problem into sub-problems that 
can be solved separately using join operations [8]. The input of SPADE algorithm is a sequential 
dataset. An example of sequential data is given in table 1. 
 

Table 1. Example of sequential data. 

Sequence ID Event ID Size Items 
1 10 2 {C,D} 
1 15 3 {A,B,C} 
1 20 3 {A,B,F} 
1 25 4 {A,C,D,F} 
2 15 3 {A,B,F} 
2 20 1 {E} 
3 10 3 {A,B,F} 
4 10 3 {D,G,H} 
4 20 2 {B,F} 
4 25 3 {A,G,H} 

 
 Steps of the SPADE algorithm are as follows [8]: 

1. Calculate the support value of all the items. 
2. Calculate all items up to a maximum length sequences until no more sequences exceeding the 

specified minimum support. 
3. Conduct the decomposition of a class of all sequences based on the length of each sequences. 
4. Enumerate the entire sequence to generate a new sequence. 

2.4. Research steps 
Stages of this research are data pre-processing, generating hotspot sequential pattern, selecting hotspot 
sequential pattern, visualizing hotspot sequential pattern, and testing the application. Data pre-
processing consists of several steps including data selection, data transformation, and sequential data 
generation.  Data selection was performed to select the attributes used for mining process and to select 
hotspots in the study area namely peatland of Sumatra and Kalimantan. Data transformation was done 
to prepare sequential data of hotpots whereas sequential data generation was conducted to prepare 
sequential data of hotspot that its format meets the SPADE algorithm that is available on the package 
'arulesSequence' in R software. 

2.5. Data pre-processing  
In this research, there are 3 stages on data pre-processing: 

 Data selection, this stage was done to select all hotspots that occurred in peatland of Sumatra 
and Kalimantan. Longitude and latitude were rounded to two decimal digits in order to get 
several hotspots in the area with radius about 1 km. In addition, hotspots were selected only 
those with confidence value greater than or equal to 70% because according to the forest 
expert, hotspots at this confidence level have high possibility to be real fires.  

 Data transformation, in this stages we transform the dataset into data format properly in the 
next stage.  In this step, we create new attribute size and sequence ID (SID). In hotspot 
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dataset, size specifies the number of hotspots that occur at the same location and date. SID 
attribute represents the code for each different location. 

 Creating sequential data, we prepare input data for the SPADE algorithm to generate the 
sequential pattern as shown in figure 1. In the figure 1, the columns from left to right are the 
SID, date_code, size, and items. SID is sequence ID. Column items will appear as many the 
value in the column size. Date_code represents code of the date when the hotspot occurred. 
The code is represented in integer. The column items represent one or more date_code 
indicating the sequences of hotspot occurrences. 
 

 
Figure 1. Sequential dataset of hotspots, from left to right are SID, date_code, size, and items 

2.6. Hotspot sequential pattern generation 
Hotspot data as the results of pre-processing stage were processed using R by applying the SPADE 
algorithm. In this research, the minimum support value of 0.01 was used to obtain sequential patterns 
at least two hotspot occurrences. Number of sequential patterns that were generated using the SPADE 
algorithm is provided in table 2. 

Table 2. Number of sequential pattern. 

Dataset 1-Sequence 2-Sequence 3-Sequence 4-Sequence 
Sumatra 2014 61 24 4 - 
Sumatra 2015 62 70 14 1 
Kalimantan 2014 41 7 - - 
Kalimantan 2015 44 7 - - 

2.7. Hotspot sequential pattern selection  
Our analysis focuses on the sequential patterns that have length of 2 or more events. This is based on 
consideration that hotspots which occur sequentially in at least two days are considered as strong 
indicator for burning peatland.  Some examples of 2-sequences of hotspot sequential pattern are shown 
in figure 2.  
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Figure 2. Hotspot sequential pattern. 

 In Fig. 2, the 2-sequence <{67},{69}> has the highest  support value of 0.03811117. The date 
code 67 means 11 March 2014, whereas the date code 69 means 13 March 2014. The 2-sequence 
<{67},{69}> states that several hotspots were occurred on 11 March 2014 and then the occurrences 
were followed by other hotspots on 13 March 2014. The pattern is supported by about 3.81117 % 
sequence data of hotspot. 

2.8. Hotspot sequential pattern visualization  
A web based application for visualization of hotspot sequence patterns was built using Shiny 
framework. The application consists of two main files, namely Server.R as a server file and UI.R as an 
interface of the application. Data input of this application is the dataset in csv format that includes 
longitude and latitude of hotspot in the sequence patterns in peatland of Sumatra and Kalimantan. 
 There are four main features in the application, 1) plotting sequence patterns based on 
peatland’s characteristics in Sumatra, 2) plotting sequence patterns based on peatland’s characteristics 
in Kalimantan, 3) plotting sequence pattern based on weather data, and 4) plotting sequence pattern 
based on socio-economic data. There are additional features in the application that display a summary 
table for easily interpretation of sequence patterns. As shown in figure 3, the application has several 
features including selecting datasets, main menu, sub-menu, and legend of each plot. Each colour in 
peatland map represents the peatland’s characteristics, such as type of peatland, peatland depth, and 
landuse type where the hotspot sequence occurred. Figure 4 shows a plot of hotspot sequences based 
on the peatland depth. Another feature in the application is summary table of the dataset that is 
provided in figure 5. 

 
Figure 3. Plotting sequence patterns based on peatland types. 
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Figure 4. Plotting sequence patterns based on peatland depth. 

 
Figure 5. Summary of the dataset. 

2.9. Application testing 
The testing phase was carried out with several test scenarios and compared results with dataset 
visualization in Quantum GIS. The main features and additional features are worked properly and its 
outputs met the test scenario. The testing results are shown in table 3. 
 

Table 3. Test scenarios. 

Features Test Scenarios Expected Output Work 
Properly? 

Plotting Peatland 
Characteristics in Sumatra 

Users select the 
"Show 
Plot"menu 

Peatland map of Sumatra with a plot 
based on landuse, the type of peat, and 
peat depth is appeared  

Yes 

Plotting Peatland 
Characteristics Kalimantan 

Users select the 
"Show Plot" 
menu 

Peatland map of Kalimantan with a 
plot based on landuse, the type of peat, 
and peat depth is appeared 

Yes 

Plotting sequences by 
Weather 

Users select the 
"Show 
Plot"menu 

Peatland map of Sumatra with a plot 
based on average temperature, average 
humidity, and precipitation is appeared 

Yes 

Plotting sequences by Social 
Economy 

Users select the 
"Show 
Plot"menu 

Peatland map of Sumatra with a plot 
based on fire on land, income source, 
and number of school is appeared 

Yes 

Summary Users select the 
Summary tab 

Summary table of each dataset is 
displayed  

Yes 
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3. Conclusion 
This work results a web-based application for hotspot sequences visualization using the framework 
Shiny. Main features in the application includes plotting sequence patterns of hotspots in form of map 
based on weather, socio-economics and the characteristics of the peatland in Sumatra and Kalimantan 
including peat types and peat depth. Additional feature of the application is the summary table for 
displaying the brief description of each dataset. All features have been tested and the testing results 
based on the test scenarios shows that those features can work properly. This application has 
advantages in providing the summary of hotspot sequences and visualization of hotspot distribution in 
sequences. The information is important for identifying hotspots that are considered as strong 
indicators of peatland fires. A challenge for further study is how to improve the application by 
developing an additional feature that can automatically generate sequences from hotspot datasets.  
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