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ABSTRACT 
 

Flooding is a significant problem with a high probability of affecting both people and infrastructure. Predicting 
floods is difficult because of its association with a quickly evolving convective system. Furthermore, simulating 
the dynamics of mesoscale convective systems (MCSs) is essential for enhancing our comprehension of the heavy 
precipitation systems that induce flooding. A flood in east Belitung on July 15, 2017, was suspected to have been 
caused by convective activity. The flood was preceded by persistent heavy rainfall from July 14 – 16, 2017, with 
the peak rainfall accumulation reaching >180 mm hr-1 on July 15, 18:00 UTC. This research aims to identify the 
type of storm system formed over the study area associated with heavy rainfall, simulate the propagation of MCSs, 
and increase the utilization of the algorithm detecting storms in Indonesia. We implemented the Tracking 
Algorithm for Mesoscale Convective Systems (TAMS) algorithm. TAMS allows for identifying, tracking, 
classifying, and variable-assigning to MCSs. TAMS integrates area-overlapping and projected-cloud-edge 
tracking approaches to enhance the likelihood of capturing the progression of the systems through time. We 
assigned the precipitation data from Global Satellite Mapping of Precipitation (GSMaP) to calculate corresponding 
statistics within the cloud area. We reveal that two cases of Convective Cloud Clusters (CCCs) were responsible 
for the persistent heavy rainfall. The 1st case occurred on July 14, 12:00 (initial) – July 15, 13:00 (dissipating) 
UTC, with an average eccentricity (ε) = 0.85 and initially formed around west Kalimantan propagated until 
southwest Sumatra. The 2nd case occurred on July 15, 14:00 – July 16, 08:00 UTC, average ε = 0.74, and initially 
formed at west Kalimantan and propagated until southwest Belitung. The pair of CCCs was triggered by a meso-
low pressure and moist-warm air, which may have helped extend the lifetime of the CCCs. The elevated sea surface 
temperature (SST) around Belitung and northwest Kalimantan induces convective activity and forms clouds.  
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1. Introduction 
 
Indonesia lies in a tropical area, its also influenced by 
monsoonal activity and Inter-tropical Convergence 
Zone (ITCZ), is exposed to heavy rain accumulation. 
Indonesia also has thousands of islands, leading to 
various climatic phenomena such as landslides and 
floods [1]–[5]. Flood events are typically disasters 
that occur in Indonesia. Hydrometeorological 
disasters can affect an area, causing damage to 
infrastructure and loss of life. In Indonesia, the 
incidence of flood disasters has increased yearly [6]. 
Floods can be caused by various factors, including 
heavy rainfall intensity, population increase, 
deforestation, the destruction of watershed storage, 
river channel development planning errors, river 
siltation, and major shifts in land use, which have led 
to the reduction of retention areas, which, along with 
climate change, render the country particularly 
susceptible to flooding [7]. On July 14 – 16, 2017, a 
heavy rainfall event occurred in Bangka Belitung 
province, and this persistent rain caused flooding in 
the region. Based on Global Satellite Mapping of 

Precipitation (GSMaP) data, the three-hour 
accumulation value shows a peak rainfall >180 mm 
hr-1 depicted in Figure 2. The Lalang-Manggar 
station recorded 653 mm day-1 of rainfall with a 
duration of rainfall ± 20 hours. This data is the highest 
value recorded across every Belitung station, with 
other Indonesian Agency for Meteorology, 
Climatology, and Geophysics (BMKG) stations 
reporting an upsurge in rain accumulation on July 15 
[8]. In the previous research, the presence of land 
depressions was due to mining excavations around 
the watershed and catchment area. Consequently, it 
disrupted the water discharge volume and caused 
water to overflow [9], [10]. Rega stated in its research 
that the government has already mitigated the 
problem by implementing a drainage program. 
However, various obstacles, such as rubbish, 
vegetation, and sedimentation, caused the drainage 
not to work properly in lowering the danger of flood 
disaster. These challenges can arise due to funding 
limits and a lack of community participation [11].  
Heavy rainfall events are associated with mesoscale 
convection activity, broadly referred to as Mesoscale 
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Convective Systems (MCSs) [12], [13]. MCSs are 
complex, organized thunderstorms that may persist 
for hours. To see how MCSs formed, the clouds 
develop as a reaction to convective instability. 
Integrate and organize upscale into a single cloud 
system with a massive upper cirriform cloud structure 
and rainfall covering enormous contiguous rain 
domains [14]. Cloud clusters contribute to a 
substantial quantity of precipitation worldwide, 
frequently resulting in catastrophic precipitation 
events that severely threaten life and livelihood [15]. 
MCSs frequently create severe weather with 
significant rainfall. Evans and Jaskiewicz found that 
MCSs lasting longer than 6 hours can produce 50% 
of total precipitation in the region [16]. Nuryanto et 
al. said that the development of MCSs over the 
Greater Jakarta (GJ) produced heavy rainfall on 
January 15 – 18, 2013 [17]. Yulihastin et al. studied 
the defined type of MCSs, Mesoscale Convective 
Complexes (MCCs), and found that the growth of 
MCCs controlled heavy rainfall, as well as that long-
lived MCCs, were sustained by a back-building 
mechanism. It leads to a severe flash flood on July 13, 
2020 [18]. On the date of the heavy rainfall leading to 
flood events in east Belitung, we monitored the cloud-
top temperature data from Himawari 8. A large cloud 
cluster was observed over the region at that time. At 
first, we assumed the convective system was 
classified as MCCs. Then, it motivates us to analyze 
the properties of the cloud systems to answer that 
assumption. 
 
Conducting analysis related to convective activity 
could be challenging, especially when certain 
algorithms are needed to detect cloud clusters and 
ultimately determine the type of convective systems. 
The “Grab’em Tag’em, Graph’em” (GTG) detects 
cloud clusters utilizing infrared data and a connected 
graph node for tracking through the area overlap 
approach  [19]. This algorithm is a Python-based 
tracker and could be utilized for satellite data. For 
instance, Putri et al. studied the properties of MCSs 
in Indonesia using the GTG algorithm with input data 
from Multi-functional Transport Satellite-1R, whose 
one of the results could distinguish cloud 
microphysical properties of MCSs at sea and land 
[20]. Nuryanto applied the GTG algorithm to identify 
occurrences of heavy rainfall in Jakarta, successfully 
detecting a convective cloud structure with a cold 
core area of cloud shield associated with heavy 
rainfall [21]. The “Tracking Algorithm for Mesoscale 
Convective Systems” (TAMS) algorithm is used to 
locate, track, classify, and measure any variable 
desired throughout the life cycle of MCSs  [22]. This 
automatic computerized tracking algorithm combines 
the area-overlapping and modified projection-cloud-
edge approaches. Using satellite-derived datasets, 
TAMS was initially served to develop and evaluate 
MCSs across Africa and their association with 
African Easterly Waves (AEW) [23]. Considering the 

advantages of the TAMS algorithm for tracking and 
adding variables desired to enhance the analysis, we 
applied it to track and characterize the properties of 
convective clouds over the region. Our research aims 
to identify the type of storm system formed in the 
study area associated with heavy rain, simulate the 
propagation of MCSs around eastern Belitung, and 
increase the utilization of the algorithm in detecting 
storms in Indonesia. The GTG algorithm is widely 
used by researchers to detect storm systems. 
Therefore, the initial use of a new algorithm, i.e., 
TAMS, in Indonesia will inspire researchers to try, 
improve, and compare the available algorithms and 
produce the best results in detecting and classifying 
cloud systems for early warning systems in heavy and 
extreme rainfall events. 
 
2. Methods 
 
We applied TAMS v2.0 to get an advance for 
assigning any variable data to the algorithm with the 
following four-step stages: 1) Identify, 2) Tracking, 
3) Classify, and 4) Assigning variables. Compared to 
TAMS v2.0, TAMS v1.0 is limited to assigning 
variable data (which is only considered for 
precipitation data). The documentation of the applied 
TAMS algorithm can be accessed through this 
website:(https://tams.readthedocs.io/en/latest/index.h
tml), which provides instructions for Python (pip-
installation methods) and an example of running 
extended and independently. For preparation data as 
an input for TAMS, we prepared the black body 
temperature (TBB) data from Himawari-8 provided 
by the database-rish Kyoto 
(https://database.rish.kyoto-u.ac.jp/). The variable for 
TBB data had an 11μm spectral band, one hourly time 
resolution, and a horizontal resolution of 0.1 x 0.1 
degree [24]. This cloud-top temperature data is 
preserved for the stages of Identifying, Tracking, and  
Classifying the properties of cloud systems. Other 
variables for consideration to be assigned are 
precipitation data from Global Satellite Mapping of 
Precipitation (GSMaP) with one hourly time 
resolution and a horizontal resolution of 0.1 x 0.1 
degree [25]. Both data cover a domain area in Figure 
1 and time spanning from July 14 – 16, 2017. The 
workflow of the TAMS algorithm can be seen in 
Figure 2.  
 
In the identification stage, the algorithm detects the 
cloud areas, i.e., cloud elements (CEs). Our 
configuration is set as the minimum <219 K for deep 
convective and <235 K for the maximum value linked 
to the convective activity [26]–[28]. The 235 K areas 
contain an embedded cold core (219 K) as a contour 
with areas of ≥ 4000 km2 [29]. Therefore, 235 K areas 
become TAMS CEs, which are candidates for the 
next two stages: tracking and classification. In the 
tracking stage, each current detected CE will be 
linked to other previous CEs to track MCSs. A single 
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CE time, i.e., CEtime(ti), has only one parent at ti-1; it 
could get split when multiple CEs have the same 
parent. All the connected CEs provide an (id) of MCS 
that will be important for tracking. Its also essential 
that there is more than one (id) at a given time. In the 
classifying stage, all the CEs that contain area, shape, 
and time can be classified into MCS of the 
criteria given by the initial previous TAMS algorithm 
research in Table 1. TAMS defined four 
classifications of MCS: Mesoscale Convective 
Complexes (MCCs), Convective Cloud Clusters 
(CCCs), Disorganized Long-Lived (DLLs), and 
Disorganized Short-Lived (DSLs). Those four classes 
are based on two main categories: organized and 
disorganized systems. Only the MCCs have a shape 
criterion with an eccentricity (ε) < 0.7. This 
eccentricity calculation was fitted to the CE, with CE 
having an eccentricity close to 0, corresponding to a 
circle. On the other hand, the CCCs sometimes get 
more elongated shapes that fail to be classified as 
MCCs while the area meets the criteria and vice 
versa. The short duration of CE that is not sustained 
for ≥6 hours is classified as a disorganized system, 
which is DLS and DLL. We assign the rainfall data 
from GSMaP to diagnose the convective activity over 
the region of CE. In previous research, it was said that 
to get a good match, distinct clouds, and any variable, 
at least users' data include the same resolution of grid 
and time, but the function is not limited to different 
resolution data. After assigning the data, we can see 
that a match propagation between precipitation in the 
cold core extracted to mean precipitation over CE 
with eccentricity and area of MCSs in the next 
section. 
 
To further investigate the heavy rainfall event, we 
analyze the air-sea interaction with the spatial results 
of high-resolution sea surface temperature (SST) data 
obtained from Operational Sea Surface Temperature 
and Ice Analysis (OSTIA) [30]. Meso-level pressure 
can be analyzed by the movement of winds; we used 
high-resolution wind data from Cross-Calibrated 
Multi-Platform (CCMP) [31]. We also investigate the 
moisture transport to see the moist area with the 
following equation: 
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where g is gravitational acceleration, a is set for 
maximal from each layer; 300mb, b is the minimum 
from each layer; 1000mb, q for specific humidity 
(g/kg), p for pressure (Pa), u and v for zonal and 
meridional wind. Data can be accessed from ERA 5 
Reanalysis  [32]. 
 
 

 
Figure 1. Research domain area (90° - 120°E, 7°N - 

7°S), shaded information: elevation 
(meter), and (107.3° - 108.4°E, 2.45° - 
3.35°S, red box) for mean area domain 
initiated for graphical plot on Figure 3, 
SCS, IO, NJS for South China Sea, Indian 
Ocean, North Java Sea, respectively. 

 
 

 
Figure 2. Workflow of TAMS for detecting MCSs in 

this study. 
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Table 1. Criteria for MCSs used in TAMS following the previous research 
Organized systems Disorganized systems 

Mesoscale convective complex (MCC) Disorganized long-lived (DLL) 

Size: <219 K region has an area ≥25.000 km2 (i) 

<235 K region has an area ≥50.000 km2 (ii). 

Duration: size definitions are met for ≥6h. Shape: ε 

= !𝟏 − $𝒃
𝟐

𝒂𝟐
% ≥0.7 

Temperature: <219 K. Duration: sustains for ≥6 h. 

No size or shape criteria 

Convective cloud cluster (CCC) Disorganized short-lived (DSL) 

Size: <219 K region has area ≥25.000 km2. 

Duration: size definitions are met for ≥6 h. Shape: 

no shape criteria 

Temperature: <219 K. Duration: sustains for ≤3h. 

No size or shape criteria 

3. Result and Discussion 
 
Heavy Rainfall and Background Conditions. 
Heavy rainfall occurred in east Belitung from July 14 
– 16, 2017. This event seems unusual because the 
average rainfall value on the other days was stable, 
considering the regional-scale activity of the 
Australian monsoon movement. However, the east 
Belitung area has an equatorial rainfall type. The 
equatorial rainfall pattern is characterized by two 
peaks in the rainy seasons in March and October [33], 
and the storms that cause heavy rainfall should not 
form unless there are additional contributing factors. 
We calculate the mean precipitation over the red box 
area in Figure 1 to see the temporal characteristics of 
precipitation compared to the TBB data, as shown in 
Figure 3. 
 

 
Figure 3. y-axis left (mm hr-1) for three hourly rain 

rates (black solid band), and y-axis right 
for black body temperature (kelvin) with 
same temporal ratio (red solid line). Then, 
smoothing data for rain rate (black dashed 
line) and black body temperature (red 
dashed line) with three hourly average 
moving windows from July 14, 12:00 – 
July 16, 12:00 UTC. 

 

Based on the Figure 3, rainfall activity starts at around 
July 14, 17:00, reaching the first peak around 20:00 
at a rate of 23 mm hr-1. The second peak occurred on 
July 15, 18:00, with a rate of 14 mm hr-1, and for the 
next 6 hours at July 16, 00:00, the rain rate reached 
the highest of all the peaks, around 26 mm hr-1. Some 
rainfall occurs in the early morning, which may 
associated with the land-sea breeze mechanism [2], 
[34]. It also can be seen that the TBB data has a value 
<219 K associated with deep convective on each peak 
rainfall. It represents symmetrical values; while the 
TBB data fell, the rain rate would increase. Yulhastin 
et al. found that early morning precipitation (EMP) 
distribution is not bound to the movement of land and 
sea breeze phases, resulting in less predictable 
precipitation episodes [35]. EMP is typically related 
to South China Sea Cold Tongue (SCS-CT) and Cross 
Equatorial Notherly Surge (CENS) activity in 
particular months, such as January and February [36], 
[37]. Then, the occurrence of heavy rainfall in 
Belitung does not match any of the previously 
described factors. Therefore, other factors can 
influence this event. We evaluate this heavy rainfall 
by calculating percentile-95 (p95) through the rain 
data set and getting the threshold value, which is 
40.51 mm. In this case, the heavy rainfall became 
extreme starting on July 15, 12:00, based on the p95 
value, and reached peaks at 17:00, around 197 – 200 
mm. The coordinates of the point of disaster (POD) 
were obtained from the National Disaster 
Management Agency’s Disaster Information 
Indonesia (DIBI) website (https://dibi.bnpb.go.id/). 
POD represents the precise location where the flood 
disaster occurred. This confirms the previous 
discussion that the precipitation event occurred on the 
July 14, before the flood disaster. The results of our 
analysis demonstrate the presence of mesoscale 
activity that can influence the active convective 
dynamics in the west, thereby engaging air-sea 
interactions, which are also associated with the 
modulation of the convective system illustrated in  

https://dibi.bnpb.go.id/
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(a)  

(b)  
Figure 4. (a). Point of disaster (108.2°E, 2.85°S). (b). six hourly rain accumulation from the point of disaster 

(black solid line), the threshold extreme (red dashed line) for percentile-95 (p95) value: 40.51 mm, and 
an area orange fill was values > threshold. 

 

(a)  (b)  

(c)  (d)  
Figure 5. (a). Spatial map of wind at 850 mb (streamlines) averaged from July 14 – 16, 2017. (b). same as (a) but 

for specific humidity. (c). same as (a), but for vertically integrated vapor transport from 1000 to 300 mb 
overlaid with wind (red vector) at 850mb. (d). same as (a), but for sea surface temperature anomaly 
(shaded), and normal condition (contour line). 
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Figure 5. Meso-low pressure with anti-cyclonic 
circulation occurs over the western part of 
Kalimantan, as shown in Figure 5(a). This movement 
circulation is defined as anti-cyclone (clockwise) due 
to this circulation lies in the part of the northern 
hemisphere. During the Asian monsoon, a 
phenomenon in the form of counterclockwise 
(cyclone) rotation circulation is observed. This vortex 
is located in the northwest region of the island of 
Kalimantan and is frequently associated with heavy 
rainfall and flood disasters.  
 
The interaction of Asian monsoon winds with winds 
from the southeast in the northwest region of 
Kalimantan results in the formation of a vortex [38]. 
This circulation called as Borneo Vortex (BV). In this 
case, this circulation couldn’t be defined as BV 
because it does not meet BV's standard time 
occurrences and wind movement patterns [39]. This 
circulation makes the air around it more humid and 
transports the moist airflow from the eastern part of 
the North Java Sea (NJS) to Belitung and the eastern 
part of Kalimantan. It is also possibly influenced by 
the Australian monsoon that contributes to bringing 
air from the eastern part of Indonesia. Cyclonic 
circulation and humid patterns also occurred around 
the southwest part of Sumatra on July 14 – 16, 2017.  
 
Additionally, the warming of sea surface temperature 
around Karimata strait (KS), valued at around >29°C, 
and the shifting temperature that becomes warmer 
will be the perfect conditions to produce convective 
activity. Tan et al. said the if the wind advection is 
weakened, i.e. the wind cannot carry away the latent 
heat released by the oceans, then sea surface 
temperatures will be increased [40].  
 
During the dry season, the monsoon breezes move 
from Australia to Asia, and the advection of wind 
around the South China Sea (SCS) and Karimata 
Strait (KS) weakens, which is latent heat that escapes 
from SCS and KS into the atmosphere, raising the sea 
surface temperature. The warm SST influences some 
occurrences of convective activity; this warm SST 
can be a fuel of the updraft and tends to make the 
cloud systems live longer. Previous research by 
Yulihastin et al. reveals that Seroja cyclogenesis 
could be formed in Indonesia due to heat traps in the 
Maluku Sea [41]. On the topography, Previous 
research examined the river watersheds in east 
Belitung. It’s said that the Manggar, Linggang, and 
Sago watersheds are all located near the flooding 
area. Table 2 indicates that river silting occurs across 
the watersheds despite considering that the landscape 
is generally flat. The sandy soil type in each 
watershed inhibits infiltration from runoff. Then, it 

was discovered that the watershed's land use was 
dominated by mining, plantation, and illegal logging.  
The Forest Area Supervisory Agency (BPKH) 
statistics analysis reveals a significant rise in land 
cover between 2015 and 2016. The plantation area 
increased to >40000 hectares in 2015 and continues 
to grow through 2016. In 2015 and 2016, there also 
was a reduction in secondary dryland forests with an 
area of <5000 hectares [42]. This will end up 
increasing the conveyance coefficient and flood flow 
discharge. Therefore, with land conversion activities 
and the problems described, persistent and extreme 
rainfall events will lead to flooding disasters, and this 
disaster will return if there is no good resolution.  
 
TAMS Algorithm. We implemented the TAMS 
algorithm from July 14, 00:00 – July 16, 23:00. 
TAMS automatically provides results from each 
convective system of CEs detected at each time. CEs 
are then classified into MCS types. CCCs are the type 
of MCS that contributes to flooding in eastern 
Belitung, as shown in Table 3. We filtered the raw 
results from TAMS, showing that CCC formed and 
tracked around east Belitung twice. Overall, the 
TAMS algorithm results in an area which we refer to 
in this study as the “boundary area,” representing the 
outer boundary of the MCS type. The boundary area 
contains temperature data that has been set prior to 
the execution of the algorithm and comprises a cold 
core area of cloud associated with heavy 
precipitation.  
 
In figures 6 and figure 7, We tested the boundary area 
of CCC properties generated by TAMS and compared 
them to rainfall data from GSMaP. We have provided 
a visual representation of the outer boundary, 
covering the eastern part of the Belitung area. The 
first initiation was detected at 12:00, covering an area 
around 470022 km2. For the next two hours at 19:00, 
the CCC experience split into two parts. As stated in 
the previous section, multiple CEs are detected 
simultaneously in the same parents and system. The 
change would occur by CEs splitting away from the 
first system but still classified in the previous parents. 
Therefore, both CCCs continue to propagate the 
system and dissipate for the south CCC at July 15, 
13:00. The same conditions were observed at 15:00 
when an enormous CCC was split into two parts.  
 
Table 2. Watersheds description by Sabri et al., 2017 

Watersheds Level Type of soil 
Manggar Shallow Sandy 
Linggang Shallow Sandy 
SAGU Shallow Sandy 
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Table 3. The filtered result from the TAMS algorithm 

Time (UTC)  Stage Cases x y Area (km2) Eccentricity 
14 July, 12:00 Initiation First case 106.59 -0.78 470022 0.87 
15 July, 13:00 Dissipation 99.82 -5.54 342272 0.91 
15 July, 14:00 Initiation Second 

case 
110.29 1.29 637651 0.93 

16 July, 08:00 Dissipation 106.39 -4.26 151539 0.56 
 

 
Figure 6. (a). cloud-top temperature (TBB) (contour) overlaid with a boundary of CE from TAMS (red dashed 

line) for a first case at first initiation July 14, 17:00 (left) and prcp: precipitation (mm hr-1) overlaid 
with a boundary of CE from TAMS (red dashed line) for a first case at first initiation July 14, 17:00 
(right). (b). same as (a), but for 19:00 (left) and (right). (c). same as (a) but for 20:00 (left) and (right) 

 

b) 

a) 

c) 
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Figure 7. (a). same as Figure 6(a), but for the second case on July 15, 14:00 (left) and (right). (b). same as (a), but 

for 15:00 (left) and (right). (c). same as (a), but for 17:00 (left) and (right). 
 
The entire boundary generated by TAMS through 
black body temperature data is well proved by 
displaying a spatial map of precipitation from 
GSMaP. All images depict high precipitation 
intensity in the cold core area of clouds with 
temperatures <219 K. Both CCSs in the second case 
continue to propagate the system and dissipate for 
south CCC on July 16, 08:00. Based on Figure 8, a 
CCC filter was performed to simulate the CCC 
propagating towards Belitung. This process entailed 
filtering the system classification with the same 

parents. The centroid was generated from the 
midpoint of the boundary area of the CCC. This 
analysis did not consider the CCC data that 
propagated northward, as the objective was to 
examine the CCC impact on the flood event in east 
Belitung. The wind confirms the southward 
propagation direction streamline in Figure 5(a), 
which shows a cyclonic circulation in southwest 
Sumatra.  
 
 

b) 

a) 

c) 
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(a)  

(b)  

Figure 8. (a). filtered centroid and trajectory CCC for the first case, darker and shine shade indicates the initial 
stage and dissipating stage, respectively, D14 – T12 stated as day 14 time 12:00. (b). same as (a), but 
for the second case.  

 

 
Figure 9. Second case variable comparison, y-axis (left) for eccentricity, y-axis (right) mean precipitation over 

the region of CEs area (mm hr-1), and twin-y-axis (right) for the area (km2) of MCSs. 
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Figure 10. Centroid of genesis and terminate for MCSs type except for CCC through July 14 – 16, 2017. 

 
This may be the reason why the propagation direction 
of the CCC shifted southward. However, it's 
important to note that the flooding event was not 
caused by the direction of propagation but by the 
formation of CCC over the Belitung area. Confirming 
the previous research, we also assign the precipitation 
data, and Figure 9 shows the time evolution of 
eccentricity, mean precipitation, and area for clouds. 
It indicates that the shape of clouds becomes more 
elongated, covers a wider area, and reaches its peak 
precipitation over the area at 23:00.  On the 
dissipating stage, at 08:00, the precipitation 
decreases, and the clouds become more circular, 
indicating the dissipating anvil.  
 
Therefore, the implementation of cloud and assigning 
precipitation data into this algorithmic model has the 
effect of providing a more symmetrical representation 
of the process involved in the formation and 
dissipation of a storm system. The genesis and 
termination of all MCS types except for CCC are 
depicted in Figure 10. There is no particular pattern 
of MCS distribution in the western area, which means 
that due to local influences, convective activity could 
happen. Indonesia Maritime Continent (IMC) is 
surrounded by a warm pool and has significant 
convective activity. In this period, Mesoscale 
Convective Complexes (MCC) events occurred 
around southern Kalimantan and terminated in the 
Java Sea.  
 
4. Conclusion 
 
We investigated the MCSs linked with persistent 
heavy rainfall in the eastern Belitung region during 
the lifetime of July 14 – 16, 2017. The 
implementation of the TAMS successfully detected 
the type of MCSs associated with persistent heavy 

rainfall events, namely CCC. There are two cases of 
CCC events from July 14 – 16, at 12:00 – 08:00. The 
CCC experienced decoupling from the initiation 
system in both cases, which caused the CCC to 
become two, having northward and southward 
propagation directions. The CCC that propagated 
southwards to the southern part of Sumatra (first case) 
and southwest of east Belitung (second case) was 
responsible for the persistent heavy rainfall event. In 
implementing the algorithm, rain has the peak value 
at cloud temperature met <219 K or cold core areas. 
The average rainfall calculated over the CCC 
classification boundary area has symmetrical values 
with convective system properties such as 
eccentricity and area. Rainfall reaching peak values 
followed by an expanding CCC area and an elongated 
shape, and vice versa. The atmospheric conditions 
with the presence of meso-low pressure around 
western Kalimantan caused the wind to circulate in an 
anticyclonic and the humidity to become high. The 
moisture transport value is relatively high around 
Bangka Belitung and the north Java Sea. The warm 
sea surface temperature (SST) of >29° C helps 
increase the updraft and fuel the CCC to live longer. 
 
We confirmed that its not only the MCC that produces 
heavy rainfall. However, cloud clusters such as the 
CCC that formed in east Belitung can produce heavy, 
extreme rainfall and have an impact on flood events. 
Therefore, we recommend the government continue 
monitoring the land by improving drainage systems, 
reclaiming former mining excavations, and limiting 
land conversion. For atmospheric system monitoring, 
its expected that the government can provide decision 
support system products related to MCS types over 
Indonesia by then anticipating extreme rainfall events 
that have an impact on hydrometeorological disaster 
events. 
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For the following studies, we would like to test new 
assigning variables to TAMS, such as outgoing 
longwave radiation (OLR), classifying the possible 
candidate of the convective system, and simulating 
the convective system propagation for Seroja 
cyclogenesis. We would like to test and improve this 
algorithm for aviation activity, such as aircraft flight 
safety, by providing predictions of MCS propagation 
that could potentially disrupt flights. Therefore, we 
also try to innovate in establishing a decision support 
system product using TAMS to automatically detect 
and classify MCSs and predict the propagation of 
MCSs. 
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