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Abstract

Tropical cyclones are low-pressure systems with strong wind circulation formed in tropical waters. Tropical
Cyclone Seroja (category 2) struck Nusa Tenggara on April 5, 2021, causing more than 150 casualties. This study
aims to analyze the dynamics of atmospheric stability indices (K-Index/KI1, Total-Totals Index/TTI, and Convective
Available Potential Energy/CAPE) during four cyclone phases: pre-formation (April 2), maximum intensification
(April 5), early dissipation (April 10), and final phase (April 12, 2021), and compare them with DJF 2017-2021
climatological conditions to identify atmospheric anomalies. ERA-5 reanalysis data with 0.25° x 0.25° resolution
were spatially visualized using Python. Results show that KI significantly increased from moderate category (30—
32) during the DJF period to strong category (38) during formation and intensification phases (April 2-5), then
decreased to weak-moderate (26—35) during dissipation (April 10-12). TTI showed minimal fluctuations (38—44),
relatively consistent with the DJF period (39-43). CAPE increased from weak category (500-1000 J/kg) during
the DJF period to moderate category with values reaching 1750-2500 J/kg at the cyclone peak (April 5), then
weakened during dissipation. It can be concluded that KI and CAPE are responsive indicators of changes in
atmospheric instability during Tropical Cyclone Seroja, especially during formation and intensification phases,
while TTI tended to be stable compared to climatological conditions.

Keywords: Tropical cyclone Seroja; Atmospheric stability index; K-Index; Total-Totals Index; Convective
available potential energy.

1. Introduction

Tropical cyclones are low-pressure systems with strong wind circulation that form in tropical
waters (SST >26.5°C) due to the influence of the Coriolis force. The southern region of Indonesia,
especially Nusa Tenggara, is a potential zone for cyclone formation under the influence of the Australian
monsoon trough | 1]. Climatologically (1983-2017), cyclones in this region generally occur between
November and April with a lifespan of 7-8 days, with peak activity in April [2]. The impacts of tropical
cyclones include heavy rain, strong winds, and storm surges that threaten coastal and inland areas.

Tropical Cyclone Seroja (category 2) struck Nusa Tenggara on April 5, 2021, causing more than
150 deaths in Indonesia and Timor Leste [ 3]. According to the Australian Bureau of Meteorology, Seroja
formed from the Low-Level Circulation Centre (LLCC) on April 2, 2021, near Rote Island. The system
rapidly intensified and reached a peak intensity of 60 knots on April 6 [4]. On April 6-7, the cyclone
weakened due to vertical wind shear and dry air intrusion, but interacted with Tropical Cyclone Odette
through the Fujiwara effect, a rare phenomenon of two cyclone interactions over Australia that increased
moisture supply, causing Seroja to strengthen again on April 8-9. On April 10, Seroja turned southeast
towards Western Australia, reached category 3 (65 knots) on April 11, and finally weakened on April
12
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The formation and intensification of tropical cyclones are influenced by atmospheric instability
conditions that can be studied through stability indices. Convective Available Potential Energy (CAPE)
describes the potential energy for convection, with high values indicating an unstable atmosphere [6].
The K-Index (KI) measures the potential for convection based on the lapse rate of vertical temperature
and lower-layer humidity, with higher values indicating an increased chance of convection [7]. The
Total Totals Index (TTI) combines vertical instability and humidity components to identify moderate to
strong storm potential [8]. These three indices play an important role in understanding the evolution of
tropical cyclones from formation to dissipation.

Several studies have examined atmospheric conditions during cyclone events in Indonesia.
Nugroho and Muzaki examined atmospheric and ocean conditions during Cyclone Seroja, but did not
analyze the dynamics of the atmospheric instability index [9]. Analyzed the vertical profiles of the
atmosphere during Cyclones Cempaka and Dahlia using radiosondes, but did not discuss the spatial-
temporal stability index [10].

To date, no study has simultaneously compared CAPE, KI, and TTI across four cyclone phases
(pre-formation, maximum intensification, early dissipation, and late phase) and correlated them with
DJF climatological conditions to identify atmospheric anomalies [11]. This anomaly analysis is
important to determine the level of extreme atmospheric conditions during Cyclone Seroja compared to
the normal rainy season, as well as to understand the contribution of stability indices to the formation,
intensification, and weakening of cyclone systems | 12].

ERA-5 reanalysis data (0.25° x 0.25° resolution) has been widely used in tropical cyclone analysis
due to its ability to represent atmospheric conditions consistently and in detail [ 13][ 14]. This study aims
to analyze the dynamics of atmospheric stability indices (CAPE, KI, and TTI) in four cyclone phases:
pre-formation (April 2, 2021), maximum intensification (April 5, 2021), early dissipation (April 10,
2021), and final phase (April 12, 2021), and compare them with the 2017-2021 DJF climatology to
identify atmospheric anomalies. The results of this study are expected to provide a comprehensive
understanding of the evolution of atmospheric conditions throughout the life cycle of Cyclone Seroja
and the contribution of stability indices to the formation, intensification, and weakening processes of
the system.

2. Method

The method used is quantitative descriptive because it describes atmospheric phenomena that occur
numerically and spatially based on the analysis of processed reanalysis data [ 15]. This study examines
three atmospheric stability indices, namely KI, TTI, and CAPE on April 2, 2021 at 12:00 UTC, April 5,
2021 at 06:00 UTC, and April 10 and 12, 2021 at 00:00 UTC which are then compared with the average
for the DJF period of 2017-2021. The location analyzed is Nusa Tenggara which can be seen in Figure
l.
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Figure 1. Map of research location
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The stages involved include data collection, data processing, and data analysis. The outline of this
research flow is depicted in the research flowchart presented in Figure
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Figure 2. Research flow diagram
Data collection

KI, TTI, and CAPE data were obtained from the ERA-5 single-level reanalysis dataset with a spatial
resolution of 0.25°x0.25° and a temporal resolution of 3 hours. Data were downloaded from the
Copernicus Climate Data Store (CDS) website at https://cds-
beta.climate.copernicus.eu/datasets/reanalysis-era5-single-levels.

Data processing

The data were processed by averaging the KI, TTI, and CAPE values over the DJF period of 2017—
2021. Data on April 2, 5, 10, and 12, 2021, were not averaged, but were directly visualized to show the
atmospheric conditions during the development phase of Cyclone Seroja. Mapping was performed using
Python via the Google Colab platform. The coloring and scale on this index distribution map were
adapted from

Data analysis

The KI, TTI, and CAPE values visualized on the map will be analyzed based on their intensity
scale. Each index has a specific value range to determine weak, moderate, and strong indicators, as
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shown in Table 1. The analysis was conducted by comparing the KI, TTI, and CAPE values for DJF
2017-2021 with those for April 2, 5, 10, and 12, 2021, to determine atmospheric instability and potential
convection [ 17][18].

Table 1. Range of values for each KI, TTI, and CAPE criteria.

Atmospheric Stability Index Poor Medium Strong
KI <29 29-37 >37
TTI <42 42 - 46 >46

CAPE <1000 1000 — 2500 >2500

3. Results and Discussion

This section presents the results of data processing along with an analysis of atmospheric stability
indices, including KI, TTI, and CAPE for the DJF 2017-2021 period on April 2, 5, 10, and 12, 2021.
The following is an analysis of each atmospheric index.

KI Analysis

In general, during this period, the Nusa Tenggara region had moderate convection potential,
indicated by KI values of around 30-32. These conditions are sufficient to support convective growth,
but not extreme. Meanwhile, in East Nusa Tenggara (NTT), KI values tended to be lower, reaching as
high as 28 in Timor. This difference indicates that convection potential in NTT is weaker than in West
Nusa Tenggara (NTB). The distribution of KI values during this period can be seen in Figure 3.
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Figure 3. Average distribution of KI for the DJF period 2017-2021

During the development of Tropical Cyclone Seroja, the KI value showed a significant increase
compared to the DJF period. On April 2, 2021, when the LLCC was first detected, the KI value reached
38, especially in the Sawu Sea and Timor Sea, indicating the potential for strong convection. This high
value persisted on April 5, 2021, forming a pattern following the cyclone's path when the cyclone
reached category 2. This indicates that the atmosphere was in a very unstable condition and supported
the system's intensification. Entering April 10, 2021, as the cyclone began to turn towards Australia, the
KI value decreased to 26-35, indicating the potential for weak to moderate convection. The KI value
continued to weaken to 26-32 on April 12, 2021, with the value of 26 dominating, indicating the
potential for generally weak convection as the cyclone dissipated. Compared to the moderate KI values
during the DJF period, the increase in KI during the formation and strengthening phase of Seroja
indicates that the atmosphere during Tropical Cyclone Seroja was in a much more unstable condition
and strongly supported strong convection. The distribution of KI values during the cyclone is shown in
Figure 4.
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Figure 4. KI values on April 2, 5, 10, and 12, 2021

3.1 TTI Analysis

TTI values during the DJF period in Nusa Tenggara generally ranged from 39 to 43, categorized as
weak to moderate, as shown in Figure 5. Northern regions such as Flores, Sumbawa, and the Flores Sea
exhibited higher TTI values, around 42-43, indicating greater potential for convection. Meanwhile,
southern regions such as Sumba and Timor exhibited lower TTI values, around 3942, indicating weaker

potential for convection
Rata-rata TT1 Periode DJF 2017-2021

Latitude

122°E

Longitude

Figure 5. Distribution of average CAPE for the DJF period 2017-2021

During Tropical Cyclone Seroja, the TTI values in Nusa Tenggara showed variations that remained
within a range not significantly different from DJF conditions. On April 2, 2021, TTI values reached
around 44 in West Nusa Tenggara (NTB) and 42 in East Nusa Tenggara (NTT), indicating the potential
for significant convection. On April 5, 2021, TTI values remained high in NTB and the cyclone's center,
while in NTT they decreased to 38-39, indicating lower atmospheric instability in the eastern region.
Entering April 10, 2021, TTI values in NTB decreased to 41-43, while some areas of NTT rose to 41,
indicating moderate convection potential that continued to support convective activity, although it had
decreased compared to the initial phase. On April 12, 2021, the entire Nusa Tenggara region showed
TTI values between 38—40, with a dominant value of 38, reflecting a relatively stable atmosphere as the
cyclone dissipated. Compared to the DJF period, which generally ranges between 39 and 43, the TTI
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changes during Seroja show more local fluctuations than significant increases. The distribution of TTI
values during each cyclone phase is shown in Figure 6.
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Figure 6. Distribution of TTI Values on April 2, 5, 10, and 12, 2021

CAPE Analysis

CAPE values in Nusa Tenggara during the DJF period ranged between 500-1000 J/kg, indicating
limited potential energy for convection growth and at weak to moderate intensity. The NTB region
generally had values around 500 J/kg, indicating the atmosphere's ability to support convective cloud
formation was relatively weak. Meanwhile, CAPE values in NTT reached 900 J/kg, indicating a greater
convective energy reserve and the potential for stronger convective cloud development compared to
NTB, although still in the weak category. CAPE values during the DJF period are presented in Figure 7
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Figure 7. Distribution of average CAPE for the DJF period 2017-2021

In general, CAPE values in Nusa Tenggara during Tropical Cyclone Seroja ranged from weak to
moderate, with some areas reaching moderate to strong potential. On April 2,2021, CAPE values ranged
from 300-900 J/kg, indicating the potential for weak convection. On April 5, 2021, there was a
significant increase, with CAPE values reaching 1,750 J/kg in northern Nusa Tenggara and the Timor
Sea, and 2,500 J/kg in the Java Sea, indicating the potential for moderate convection. Furthermore, on
April 10, CAPE values decreased to the range of 300—1,750 J/kg, with NTB having a higher value than
NTT, indicating the potential for weak to moderate convection. On April 12, most regions showed CAPE
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values of 300-1000 J/kg with a dominance of around 500 J/kg, while the Timor Sea and Indian Ocean
near Australia still recorded higher values, namely 1000-1500 J/kg and 3000 J/kg, reflecting the
potential for strong convection outside the main region. Compared to the generally low to moderate DJF
conditions, CAPE values during Seroja showed fluctuations in convective energy, especially during the
category 2 cyclone phase. The CAPE value information for each cyclone phase is shown in Figure 8.
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Figure 8. Distribution of CAPE Values on April 2, 5, 10, and 12, 2021
4. Conclusion

Analysis of the atmospheric stability index during the Seroja Tropical Cyclone event in Nusa
Tenggara shows that the K-Index (KI) experienced a significant increase from moderate conditions in
the DJF climatology period (30-32) to a strong category (38) during the cyclone formation and
intensification phase on April 2 and 5, 2021, then decreased to weak to moderate (26-35) during the
dissipation phase on April 10-12, 2021. The Total-Totals Index (TTI) showed a relatively stable
variation ranging from 38-44, not much different from the DJF climatology conditions (39-43).
Convective Available Potential Energy (CAPE) showed an increase from a weak category during the
DJF period (500-1000 J/kg) to a moderate category with a value reaching 1750-2500 J/kg at the peak of
the cyclone intensity on April 5,2021. KI and CAPE are more responsive indicators in detecting changes
in atmospheric conditions during the Seroja Tropical Cyclone event than TTI. Further research is
recommended to analyze other atmospheric stability indices such as the Lifted Index and Showalter
Index, expand the study to other tropical cyclone events in Indonesia, and investigate the relationship
between the stability index and other atmospheric parameters such as sea surface temperature and
vertical wind shear to understand the mechanism of tropical cyclone formation and intensification more
comprehensively.
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