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ABSTRACT 

 
Overshooting top (OT) in convective clouds is an essential feature in extreme weather nowcasting performed by 
weather forecasters to represent the core location of the severe region of the convective cloud. In addition, we can 
estimate the location of extreme weather events by utilising OT climatology. Unfortunately, it cannot be realised 
in tropical Indonesia, especially on Java Island at present, because there still needs to be more research on the 
presence of OT in extreme weather events. This research aims to study the presence of OT in extreme weather 
events on Java Island using extreme weather reports and the Himawari 8 satellite data. We detect the presence or 
absence of OT patterns at the location of the extreme weather event with Visual identification by using a visible 
channel (0.64 μm) with a spatial resolution of 500 m and sandwich products. We found that about 87% of extreme 
weather occurred accompanied by the appearance of OT patterns from convective clouds. A parallax effect of 
Himawari 8 caused the detected OT location in the southwest direction of the actual location. Extreme weather 
events accompanied by the OT feature of convective clouds most often occur in the transitional period of the rainy 
to dry season (MAM) and the rainy season (DJF). Meanwhile, extreme weather events rarely occur during the dry 
season (JJA). Extreme weather events accompanied by OT often occur from midday to late afternoon. OT in this 
study has a diameter between 2-15 km during extreme weather events. A time lag between the appearance of OT 
and extreme weather events in Java Island gives us opportunities for approximating and nowcasting the extreme 
weather events. 
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1. Introduction 
 
The overshooting top (OT) is the top feature of the 
cumulonimbus cloud, which has a dome-like 
''protrusion'. This region has a reasonably strong 
updraft on the internal part that penetrates through its 
equilibrium level (EL) or level of neutral buoyancy 
(LNB) and can also penetrate the tropopause up to the 
lower stratosphere [1]. 
 
Several previous studies outside the Territory of 
Indonesia mentioned the importance of OT in 
nowcasting because OT represents the core location 
of the severe region in the convective cloud. A 
convective cloud with OT has a strong and 
continuous updraft inside it. It is the reason that 
causes convective clouds with OT features can 
produce extreme weather, such as heavy rain, strong 
winds, large hail, and tornadoes [2]–[9]. 
 
The strong linkage between OT locations and extreme 
weather locations shows us that identifying the OT 
regions can increase the nowcasting confidence of a 
convective cloud that can produce extreme weather, 
especially if there is no ground-based weather radar 
[2]. In addition, the strong linkage between OT 

locations and extreme weather locations has led to OT 
studies in subtropical regions already utilising OT 
feature climatology from satellite data to estimate 
extreme weather event locations for Europe, 
America, and Australia [2], [10]–[15]. 
 
It cannot be realised in the tropical regions of 
Indonesia, especially on Java Island, because there 
are still little numbers of research on the presence of 
OT in extreme weather events [16]. In addition, some 
of these previous studies did not investigate OT as the 
main subject of their discussion and only examined a 
case of extreme weather events [17]–[19]. Therefore, 
as an initial stage to estimate and nowcast the extreme 
weather events based on the presence of OT, we aim 
to study the presence of OT in extreme weather events 
in Indonesian territory, both in terms of their 
relationship, as well as their spatial and temporal 
distribution. Initially, the study was carried out based 
on cases of extreme weather on the island of Java 
based on visual identification of OT using a higher 
resolution visible channel of the Himawari 8 satellite. 
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Figure 1. The physical form of the overshooting top 

(OT) on convective clouds inside the red 
polygon (source: https://pin.it/4JBtL1k) 

 
2. Methods 
 
The location of this study covers the mainland area of 
Java Island with a data period of 4 years (January 
2018 – December 2021). Figure 2 gives information 
about the focus area of this study. This study used 
several data, such as extreme weather events reports 
and Himawari 8 Satellite data.  
 
We obtained data on reports of extreme weather 
events from the Sub-Division for Weather Early 
Warning of the Indonesia Agency for Meteorology, 
Climatology, and Geophysics. The types of extreme 
weather used in research include heavy rain, strong 
winds, ‘puting beliung’ (smaller scale tornado), and 
hail. The types of extreme weather we use follow the 
criteria for extreme weather events from the Agency 
for Meteorology, Climatology and Geophysics of the 
Republic of Indonesia [20], [21]. However, when 
filtering extreme weather report data, we selected it 
based on reports of hail events followed by other 
types of extreme weather, such as heavy rain, strong 
winds, and tornadoes. 
 

We used Himawari 8 satellite data with a wavelength 
channel of 0.64 μm; and 10.4 μm. We also obtained 
Himawari 8 Satellite data from JMA (Japan 
Meteorological Agency), which is received every 10 
minutes by the BMKG Weather Satellite Imagery 
Management Sub-Division through the Himawari-
Cloud network. The visible channel (0.64 μm) of 
Himawari satellite data used in the study has a spatial 
resolution of 500 meters, while the IR channel data 
(10.4 μm) has a spatial resolution of 2 km. All satellite 
channels used in the study have a temporal resolution 
every 10 minutes [22]. 
 
In this study, after collecting all the data, the selected 
extreme weather data screening was carried out by 
choosing hail events that were accompanied or not 
accompanied by other types of extreme weather. This 
filtering was accompanied by the event region's 
information attributes and the event's time in UTC 
units (H-7 hours from the local time). 
 
Furthermore, based on the coordinates of the location 
and time of the selected extreme weather event, visual 
identification of the presence of OT around the 
location was carried out using a visible channel (0.64 
μm) according to the definition of the OT pattern. The 
visible channel has a spatial resolution of 500 m, the 
highest spatial resolution channel in the Himawari 8 
Satellite [22]. Several previous studies also detected 
the presence of OT visually using visible channel data 
(0.64 μm). However, they intend to construct OT 
databases as validation data for objective methods in 
detecting OT in their research [8], [23], [24]. We also 
used the sandwich product, as seen in Figure 3d, to 
strengthen the OT identification results, a merge 
(blend) between the visible channel (0.64 μm) and the 
IR channel (10.4 μm), allowing observation of all of 
these features simultaneously, in one single product 
[25].  
 

 

 
Figure 2. The research area covers the mainland of Java Island. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
Figure 3. Left/right side of each image shows the location of overshooting top and extreme weather 

event (midpoint of the purple circle) in the Java area / specific area on June 10th, 2021, at 
07:32 UTC (14:32 LT) for: (a) 500 m resolution visible image, (b) infrared enhanced image, 
(c) infrared enhanced image with 80% transparency, and (d) sandwich image. Each of the 
purple circles has a distance interval of a 10 km radius.  

(a) 
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Figure 4. The accumulation during the 2018-2021 period for a) the location of extreme weather events 

which are accompanied and not accompanied by OT patterns, and b) the location of extreme 
weather events which are accompanied by OT patterns along with the location of the 
overshooting top (OT). The blue '+' sign indicates the location of the extreme weather event 
accompanied by the OT pattern, while the red '+' sign indicates the location of the extreme 
weather event where there is no OT pattern. The black '+' sign indicates the nearest OT 
location without parallax correction from the extreme weather location. 

 
The sandwich image product consists of two layers. 
The bottom layer, as seen in Figure 3a, is a black-and-
white visible channel image showing the reflectance 
values of the solar channels and the texture of the 
clouds. The top layer, as seen in Figure 3b, is a colour-
enhanced IR window image showing details of the 
brightness-temperature field. Then, we set the colour-
enhanced IR image with 80% transparency, as seen in 
Figure 3c. Finally, we merged the visible channel 
image in Figure 3a as the bottom layer and the colour-
enhanced IR image with 80% transparency in Figure 
3c as the top layer to produce the sandwich image in 
Figure 3d. 
 
After obtaining OT data on the location and time of 
the selected extreme weather event, we recorded the 
coordinates and time of the nearest OT appearance 
from the location of extreme weather events. We 
realised it to measure the distance between the OT 
location and the selected extreme weather events 
location, which is affected by the parallax effect of 
the Himawari 8 satellite. In addition, we also 
determine the time interval between the time of OT 
events and the time of selected extreme weather 
events. 
 
We also calculate the parallax correction of OT 
location and then correct the location of OT. An 
object at altitude hcloud observed from a satellite at 
altitude hsat above the centre of the earth is actually at 
a slightly different position than the satellite recorded 
position, so parallax correction of the altitude 
information (e.g. cloud top height) is required. 
 

We used some input parameters for correcting the 
parallax effect, such as satellite height above the 
earth’s centre in km (hsat), the latitude of the 
subsatellite point ϕsat, the longitude of the 
subsatellite point (λsat), the height of the observed 
cloud in km (hcloud), the assigned latitude of the object 
(ϕcloud), and assigned longitude of the object (λcloud). 
The output parameter of parallax correction 
calculation consists of the parallax corrected latitude 
of the object (ϕcloud,corr) and parallax corrected 
longitude of the object (λcloud,corr). We also used static 
data, such as earth radius, equator in km (Requ), earth 
radius pole in km (Rpole), and mean earth radius in km 
(Rmean = 0.5 (Requ + Rpole), radius ratio (Rratio = Requ 
/ Rpole). 
 
Calculating the parallax correction begins with 
express satellite position in cartesian coordinates. 
𝑥𝑥𝑠𝑠𝑠𝑠𝑠𝑠 = ℎ𝑠𝑠𝑠𝑠𝑠𝑠 cos(𝜑𝜑sat, geod) sin(𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠) (1) 
𝑦𝑦𝑠𝑠𝑠𝑠𝑠𝑠 = ℎ𝑠𝑠𝑠𝑠𝑠𝑠 sin(𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠) (2) 
𝑧𝑧𝑠𝑠𝑠𝑠𝑠𝑠 = ℎ𝑠𝑠𝑠𝑠𝑠𝑠 cos(𝜑𝜑sat, geod) cos(𝜆𝜆𝑠𝑠𝑠𝑠𝑠𝑠) (3) 
 
Where ϕsat,geod is the geodetic latitude of the 
subsatellite point, defined as: 
𝜑𝜑𝑠𝑠𝑠𝑠𝑠𝑠,𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎[tan(𝜑𝜑sat)𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟2 ] (4) 
The next step is expressing the surface position in 
cartesian coordinates. 
𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 cos(𝜑𝜑cloudgeod) sin(𝜆𝜆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (5) 
𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 sin(𝜆𝜆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (6) 
𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 cos(𝜑𝜑cloudgeod) cos(𝜆𝜆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (7) 
 
Where Rlocal is the earth’s radius, and 𝜑𝜑cloudgeod is 
the geodetic latitude, according to 
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𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
=

𝑅𝑅𝑒𝑒𝑒𝑒
�𝑐𝑐𝑐𝑐𝑐𝑐2(𝜑𝜑cloudgeod) + 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟2 𝑠𝑠𝑠𝑠𝑠𝑠2(𝜑𝜑cloudgeod)

 

𝜑𝜑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎[tan(𝜑𝜑cloud)𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟2 ] (9) 
 
The next step is computing the local ratio of earth 
radii, corrected for cloud top height (squared). 

𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =  �𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒+ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝+ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�
2
 (10) 

A further step is computing the difference vector 
between the satellite and the cloud position 
𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑥𝑥𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (11) 
𝑦𝑦𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑦𝑦𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (12) 
𝑧𝑧𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑧𝑧𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  (13) 
 
Then, compute the correction for the line of sight at 
the cloud top height hcloud. 

𝑐𝑐 = �𝑒𝑒2−4𝑒𝑒1𝑒𝑒3− 𝑒𝑒2
2𝑒𝑒1

 (15) 
with 
𝑒𝑒1 = 𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2 − 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑦𝑦𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2 +  𝑧𝑧𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑2  (16) 
𝑒𝑒2 = 2 �𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑦𝑦𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 +
 𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑧𝑧𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑� (17) 
𝑒𝑒3 = 𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 − 𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟,𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 +  𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 −
 �𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒 + ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�

2
 (18) 

 
Then, we apply correction to the cartesian coordinates 
of the cloud position. 
 
𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (19) 
𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑦𝑦𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (20) 
𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑧𝑧𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (21) 
 
xcorr, ycorr and zcorr are now the cartesian coordinates 
of the parallax corrected location. Finally, we convert 
corrected cartesian coordinates back to latitude and 
longitude. 

𝜑𝜑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

⎣
⎢
⎢
⎢
⎡tan�arctan 𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 + 𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2
�

𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
2

⎦
⎥
⎥
⎥
⎤

     (22) 

tan�𝜆𝜆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐� =  𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑧𝑧𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

 (23) 
 
The corrected longitude λcloud,corr can be achieved  
by the computer program ATAN2 function, which is 
given two arguments: 
𝜆𝜆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴2 (𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,𝑦𝑦𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) (24) 
 
Furthermore, we calculated a percentage of OT 
occurrences when extreme weather occured. The 
detected OT from visible channels and sandwich 
products around the location of the weather events 
were used to see the percentage of OT occurrences 
during selected extreme weather events. We realised 
it to find out the relationship between the appearances 

of OT when a selected extreme weather event 
occurred. The appearance of OT convective clouds 
during extreme weather indicated that convective 
clouds with this OT can produce extreme weather. 
 
% OTExtWx  = ∑ ExtWxOT

∑ ExtWx
 x 100%  (25) 

 
Where % OTExtWx is percentage of OT when a 
selected extreme weather event occurred, ExtWxOT 
is selected extreme weather with OT, and ExtWx is 
selected extreme weather. 
 
3. Result and Discussion 
 
Based on the data of extreme weather events report 
and image processing of visible channels of 
Himawari 8 satellite in the 2018-2021 period, we can 
see the spatial distribution of extreme weather event 
locations and Overshooting Top (OT) locations in 
Figure 4. The spatial distribution of the extreme 
weather events during 2018-2021, as seen in Figure 
4a, was in the western, central, and eastern parts of 
Java Island, where there were mostly OTs at every 
extreme weather event. There were only very few 
cases where OT did not appear during extreme 
weather events in the western, central, and eastern 
parts of Java Island. 
 
Based on Figure 4b, the OT pattern that appeared 
during extreme weather from 2018 to 2021 differs 
from the extreme weather locations. There was a 
location shifting in each occurrence of OT during 
extreme weather. It means the OT was not at the 
actual coordinates. 
 
Based on Figure 5b, the distance between the location 
of the convective cloud OT pattern and the location 
of extreme weather has a range of values between 5- 
22 km with lower and upper quartile values of about 
11 and 15 km. It happened due to a location shift due 
to the parallax of the Himawari 8 satellite, where the 
OT location detected from the Himawari 8 satellite 
shifted from the actual location. It is consistent with 
the information in Figure 5a regarding the results of 
the parallax correction calculation based on the cloud 
top height of 15 km. This match explains the reason 
for the difference in the location of the convective 
cloud OT pattern with extreme weather locations on 
Java Island, where the OT has a reasonably high 
height. The range of OT shift values due to this 
parallax will be greater than those in Figure 5a if the 
cloud top or OT height of more than 15 km and vice 
versa. Therefore, based on the distance between the 
OT location to the extreme weather location in Figure 
5a with the calculation of Himawari 8 parallax 
correction to the cloud top height of 15 km in Figure 
5b indicates that the OT detected in this study had a 
height of ≥ 15 km. 

(a) 
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(b) 

 
Figure 5 a) Shifting (in km) or parallax correction of Himawari 8 Satellite based on cloud top height 

of 15 km for the entire Territory of Indonesia. The "" sign indicates the location of the 
Himawari 8 Satellite. b) Box plot for the distance between OT location without parallax 
correction and extreme weather location for the 2018-2021 period in Java Island. 

In addition, as explained earlier, the difference in 
location between extreme weather and OT can be 
further away due to the parallax effect that naturally 
occurs in observations from satellites orbiting above 
the earth. The distance of the difference in location 
between extreme weather and OT in this study is still 
smaller than the results of several previous studies in 
the subtropical region. For example, the study of 
Bedka [2] used extreme weather report data in the 
form of hail from the European Severe Weather 
Database (ESWD) to investigate OT. The difference 
in location between the OT and the hail events is 25 
km for reports with a confidence interval of ± 15 
minutes and a maximum of 75 km for reports with a 
confidence interval of ± 60 minutes (1 hour). 
Meanwhile, Punge et al. [26] 's study stated that the 
location difference between the extreme weather and 
OT is in an area of 1000 km2. 
 
We can see the spatial distribution of extreme weather 
event locations accompanied by or not accompanied 
by OT locations each year in the 2018-2021 period in 

Figure 6. Based on the information in each year of the 
2018-2021 period indicates that every extreme 
weather event accompanied by an OT has an OT 
location which generally shifts to the southwest of the 
OT's actual location and each extreme weather event 
location. It happened due to the satellite parallax 
effect, where Himawari 8 has an orbital location in 
the northeast direction of Java Island, as in Figure 5a. 
Based on Figure 6, after correcting the parallax effect 
based on the cloud top height of 15 km, the location 
of overshooting tops is generally near the extreme 
weather events location. 
 
Information on temporal extreme weather events in 
Java during the 2018-2021 period can be seen in 
Figure 7. Extreme weather events mainly occurred in 
March, April, and December. Those Months are the 
transitional season of the rainy to dry season (MAM)  
and the rainy season (DJF). Meanwhile, infrequent 
extreme weather events occurred around July and 
August (JJA), correlating to the dry season. 

 (a) 
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(b) 

 
(c) 

 
(d) 

 
 Figure 6 Distribution map of extreme weather events and overshooting top (OT) locations detected in 

Java Island for the following periods: a) 2018, b) 2019, c) 2020, and d) 2021. The numbers 
indicate the sequence number of extreme weather events in each period. Blue X numbers and 
signs indicate the location of extreme weather events accompanied by OT patterns. In contrast, 
red X numbers and signs indicate the location of extreme weather events with no OT pattern. 
Black X numbers and signs indicate the nearest OT location without parallax correction of the 
extreme weather event. Purple X numbers and signs indicate the nearest OT location with 
parallax correction of the extreme weather event. 
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Figure 8 Temporal distribution of extreme 

weather events for the 2018-2021 
period on Java Island 

 
The extreme weather events for the 2018-2021 period 
occurred from midday to late afternoon, as seen in 
Figure 8, where 8 – 9 UTC or 15-16 LT is the period 
for the most frequent occurrence of extreme weather. 
The period of this event is similar to the period of the 
diurnal convective cycle when the convective process 
due to solar heating with sufficient air humidity will 
form convective clouds during the day to evening 
[27]. Convective clouds from afternoon to evening 
today could potentially result in extreme weather. 
 
Information on the presence of OT during extreme 
weather events based on the annual accumulation of 
the 2018-2021 period, as in Figure 9a, shows that OT 
accompanies most or about 87% of extreme weather 
events. It also bears a resemblance to some previous 
studies conducted in other regions. Research by 
Bedka et al. [28] and Dworak et al. [5] in the United 
States region showed that 57% and 42% of 
convective clouds that have OT features produce 
extreme weather, respectively, while for the 
European Region, about 47% of convective clouds 
that have OT features are found near regions where 
extreme weather events [2]. It proves that the OT is a 
pattern or feature of convective clouds closely related 
to extreme weather events for the Java Island region 
in this study and other regions in the previous study. 
Figure 9b shows that during 2018 in Java Island, 
around 79% of extreme weather events were 
accompanied by OT patterns, and in 2019 there were 
around 71% of extreme weather events accompanied 

by OT patterns. Meanwhile, in 2020 and 2021, all 
extreme weather events are accompanied by OT 
patterns. In addition, in 2018 and 2019, only about 
14% and 21% of extreme weather events were not 
accompanied by OT patterns. The details are cases 5 
and 7 for 2018 and cases 9, 13, 14, 17, and 19 for 
2019, where the case numbers can be seen in Figure 
6. 
 
The occurrences of extreme weather not accompanied 
by OT patterns can be caused by other factors beyond 
the limitations of this study. Another thing that may 
be a factor in OT's undetectability during extreme 
weather events based on previous studies, generally 
in subtropical regions, is that OT has a life cycle 
variation of 5 - 20 minutes [10]. In other studies, it 
can even reach less than 5 minutes when using 
satellites with a super rapid scan observation mode 
every 1 minute on the GOES Satellite [5]. 
Consequently, when the Himawari 8 scanning time 
arrives, The OT has yet to form. However, after 
Himawari 8 has finished scanning, the OT is formed 
and has become extinct before the next Himawari 8 
scanning time or hour, which every 10 minutes start 
again. The faster or higher the temporal resolution of 
the satellite, the more likely it is that the number of 
OT that the satellite can detect [29]. 
 

(a) 
 

(b) 
Figure 9 Percentage of the occurrences of 

OT patterns during extreme 
weather events for the 2018-2021 
period in Java Island for a) 
accumulation of 2018-2021 and b) 
every year (starting from 2018 at 
the inner circle to 2021 at the outer 
circle). 

 

 
Figure 7 The number of extreme weather 

events for the 2018-2021 period in 
Java Island for every month 

0

5

10

15
Ja

n
Fe

b
M

ar Ap
r

M
ay Ju
n Ju
l

Au
g

Se
p

O
ct

N
ov De

cnu
m

be
r o

f c
as

es
Monthly Number of Extreme Weather 

Events for the 2018-2021 Period



MODELS OVERSHOOTING TOP OF CONVECTIVE CLOUD………………………………………..................... Bony Septian Pandjaitan, et al 
 

61 

 
Figure 10 Box plot of OT diameter during extreme weather events for the 2018-2021 period in Java 

Island 

 
Figure 11  Box plots the time interval between the appearance of OT and extreme weather events in the 

2018-2021 period on Java Island. 

In addition, in 2018 and 2019, about 7% and 8% of 
extreme weather events could not be detected by the 
presence or absence of OT patterns. The details are 
case number 8 in 2018, as in Figure 5a, and case 
numbers 18 and 22 of 2019, as in Figure 5b. It is due 
to the time of extreme weather events that occur in the 
afternoon before evening or around 10 UTC (17:00 
WIB). At that time, the sun's position is already low, 
reducing the sunlight that reaches the surface. Due to 
the ability of the Himawari 8 visible channel to be 
reduced in detecting cloud objects, including OT, it 
cannot be determined whether there is OT during 
extreme weather events. 
 
Figure 10 shows that the overshooting top (OT) has a 
2-15 km diameter during extreme weather events 
from 2018- 2021 on Java Island. Some previous 
studies mentioned that the size or diameter of OT can 
reach 15 km [4], [30], while other studies mention up 
to 20 km [5], [8], [31]. In addition, there is a 
relationship between size or diameter and the duration 
or period of OT events. The more extensive OT 
diameter generates a longer duration or period of OT 
occurrences [32]. Previous research has shown that 
long-lasting OT usually consists of many OT 
individual towers with a much smaller diameter (1 
km) and a shorter period of about 1-2 minutes [30]. 
The time interval for OT with extreme weather events 
on Java Island during 2018-2021 is about 40 minutes 
before and after extreme weather events, as seen in 
Figure 11. The results of this study are similar to the 
result in the United States region, which shows that 

about 85% of convective clouds containing OT 
features have an interval of about 18 minutes before 
extreme weather occurs [28].  It is also supported by 
the research of Dworak et al. [5] in the United States, 
which states that 75% of OT is detected before 
extreme weather occurs. It proves that the OT feature 
of convective clouds can be used as an approximation 
or nowcasting for the appearance of extreme weather. 
 
4. Conclusion 
 
Most extreme weather events are accompanied by OT 
patterns from convective clouds, where OT patterns 
accompany about 87% of extreme weather events. It 
proves that the OT pattern is a pattern or feature of 
convective clouds closely related to extreme weather 
events in the Java Island region. This research shows 
that not all OT in extreme weather events can be 
detected. The reason is that OT has a rapid life cycle 
variation of 5-20 minutes, so more time is needed for 
OT to be observed by the Himawari 8 satellite, which 
has an observation frequency every 10 minutes. The 
difference in location between OT location 
coordinates and extreme weather location coordinates 
is due to a location shift from the Himawari 8 satellite 
parallax with a shift to the southwest of each extreme 
weather event location. Extreme weather events 
accompanied by the OT feature of convective clouds 
most often occur in the transitional season of the rainy 
to dry season (MAM) and the rainy season (DJF). 
Meanwhile, extreme weather events rarely occur 
during the dry season (JJA).  
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The extreme weather events accompanied by the OT 
feature of convective clouds often occurs from 
midday to late afternoon. These studies' overshooting 
tops (OT) have a diameter size of 2 - 15 km during 
extreme weather events. A time interval between the 
appearance of OT and extreme weather events in Java 
Island shows that the OT feature of convective clouds 
can be used as a proxy and nowcasting for the 
appearance of extreme weather. 
 
The results of this study prove that the presence of OT 
is closely related to extreme weather events on the 
island of Java, which is part of the territory of 
Indonesia. It can be a reference for similar research in 
other regions of Indonesia. In addition, the results of 
this study with visible channel data with a resolution 
of 500 m can be used as training and validator data to 
develop an objective detection method for OT in the 
Indonesian Territory, especially Java Island, using 
data from various infrared channels from the 
Himawari 8 satellite which are available both day 
time and night time. 
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