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Abstract: The Bay of Bengal experiences numerous low-pressure systems almost throughout the 
year. However, only a small fraction of these systems intensify into catastrophic storms. Predicting 
the cyclonic systems' formation and intensification process has long been a crucial but challenging 
task due to their short lifespan and rapid intensity variations. In this study, an attempt has been made 
to develop the Revised Genesis Potential Parameter Index (RGPPI) and assess its effectiveness in 
determining the suitability of the existing environment for cyclone formation. In the present study, 
numerical simulation has been performed using the advanced Weather Research and Forecasting 
model (WRF-ARW). The WRF-ARW model has run on a single domain with a 10-kilometer 
horizontal resolution to simulate the formation and intensification processes of four cyclonic systems 
of varying intensities over the Bay of Bengal. The results suggest that RGPPI can be useful for 
predicting cyclonic system development. Using RGPPI, we can forecast changes in cyclonic systems 
and the corresponding environmental conditions with a lead time of 24 to 48 hours in advance. It is 
found that non-developing systems typically exhibit a mean RGPPI value equal to or below 30.0, 
while developing systems may surpass this threshold. Furthermore, it is also observed that systems 
with higher severity levels could have average RGPPI values ranging from 3 to 8 times greater than 
the 30.0 threshold value. This study is expected to enhance researchers' current comprehension of 
tropical cyclone genesis and intensity prediction. 
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1.  Introduction  
A Tropical Cyclone (TC) refers to a rotating system of 

low pressure that typically originates over warm tropical 
oceans or seas. These cyclones are characterized by low 
pressure, powerful winds, intense rainfall, and resulting 
floods. Among the most dangerous and damaging weather 
phenomena, TCs have profound societal and economic 
impacts on Earth1, 2). Historical data indicates an annual 
formation of about 80-90 TCs across various ocean basins 
globally 3). The North Indian Ocean, encompassing the 
Arabian Sea and the Bay of Bengal (BoB), contributes 
roughly 7% to this global TC count 4). The specific oceanic 
and atmospheric conditions make BoB more conducive to 
TC formation compared to the Arabian Sea. 
Approximately three to four TCs form within the BoB 

each year 5), and these storms rank among the most lethal 
on a global scale 6).  TCs pose significant problems for 
the Indian subcontinent, particularly in the coastal region, 
due to their devastating impacts. These intense TCs 
accompanied by devastating wind speeds, heavy rainfall, 
and storm surges cause widespread destruction to lives, 
infrastructure, and agricultural land, resulting in 
substantial loss of lives and properties. For example, the 
1999 Orissa super cyclone and the 2008 Cyclone Nargis 
resulted in the loss of approximately 10,000 and 138,000 
lives in the coastal regions of the Indian subcontinent 7, 8). 
Furthermore, reports indicate that cyclones occurring in 
BoB have led to a tragic toll of over 0.75–1.23 million 
lives lost, impacting 61.6 million individuals, and causing 
economic damages estimated between $4.7 billion to $9.0 
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billion in the coastal states of Bangladesh 9). The frequent 
formation of TCs over the BoB throughout the year, 
coupled with their rising destructiveness, has become a 
major concern in the Indian subcontinent in recent times 
10, 11). Accurate TC prediction is essential for minimizing 
fatalities and property damage. A reliable genesis potential 
index can be crucial for forecasting the formation and 
intensification of these storms. 

Enhancing our comprehension of TCs' variations is of 
utmost importance both from scientific and societal 
standpoints, especially given the ongoing shifts in our 
climate. The advancement of computational capabilities 
has supported the potential of regional and global weather 
prediction models to simulate the intricate mesoscale 
phenomena observed during cyclogenesis 12-15). Key 
parameters influencing TC development include three 
thermodynamic factors—elevated Sea Surface 
Temperature (SST), increased mid-tropospheric relative 
humidity, and conditional instability—as well as three 
dynamic attributes—diminished VWS, notable Coriolis 
parameter, and heightened low-level Relative Vorticity 3, 

16). Nonetheless, even when all these prerequisites are met, 
the spontaneous emergence of a TC is not a given 
assumption 17, 18). Beyond the aforementioned conditions, 
an additional imperative factor for cyclogenesis is the 
presence of a finite amplitude disturbance feature in 
waves with wavelengths ranging from 1,000 to 3,000 km, 
acting as a catalytic seed 19). Consequently, cyclogenesis 
can be contemplated as a stochastic process influenced by 
environmental stimuli, hinging on numerous critical 
criteria, as well as weather-induced perturbations, 
primarily stemming from transient tropical disturbances 
over short time spans 20). 

TCs form over warmer areas in tropical oceans and 
develop under favorable environmental conditions 21). 
Cyclones are most likely to form in the late summer and 
early autumn when SSTs are at their highest 22). Raymond 
et al. hypothesized that a cold and warm core over the 
lower and mid-troposphere can contribute to the 
development of a thermodynamically conducive 
environment that encourages frequent deep convection at 
lower levels, putting the 'top-down' mechanism into 
perspective 23). The rise in SST and water vapor offers 
additional energy to storms, therefore when suitable 
conditions exist, the increased SST and specific humidity 
promote more severe storms 11). A moist mesoscale vortex 
in the mid-troposphere is considered the contributory 
factor to TC formation 24-27). The transportation and 
convergence of atmospheric moisture have a substantial 
influence on the distribution of latent heat in TCs 28). The 
discharge of latent heat resulting from the condensation of 
water vapor serves as the primary fuel for TCs 29). Despite 
low and mid-level vortices, the disturbance can't develop 
into a TC due to the low water vapor contents 30). TC 
formation and intensification events are significantly 
hampered by high VWS magnitudes between 200 and 850 
hPa levels 31, 32). 

Over the past several decades, numerous researchers 
have continued to develop various techniques and 
methods for forecasting the genesis, intensification, and 
other features of TCs using various numerical weather 
prediction models 33-45). Sousounis et al. used the WRF, 
RUC, ETA, and MM5 models to examine several 
precipitation events. They concluded that the WRF model 
can develop physically precise and reliable fine-scale 
structures more effectively than any other model 46-48). The 
WRF model performs reasonably well in forecasting the 
formation and intensification events of TCs over the BoB 
49). Higher grid resolution in numerical weather prediction 
models represents better regional and small-scale 
dynamics, as well as increases the potential to improve TC 
intensity forecasting 50-53). Based on 65 sensitivity 
analyses of five Severe Cyclonic Storms (SCS), Srinivas 
et al. concluded that the combination of Kain-Fritsch (KF) 
convection, LIN explicit microphysics schemes, Yonsei 
University (YSU) planetary boundary layer, and NOAH 
land surface schemes offer a comparatively better realistic 
prediction of TC intensification 54). 

Understanding the mechanism that contributes to the 
formation of TCs is one of the main challenges in TC 
prediction. Although recent advancements in numerical 
modeling with improved physics and resolution have 
shown significant improvements in TC prediction, they 
often fail to capture important aspects of the cyclogenesis 
phase 24, 55, 56). The widely used strategy in understanding 
the developing and non-developing systems during the 
cyclogenesis stage is known as the Genesis Potential 
Parameter 55, 57-63). McBride and Zehr studied the dynamic 
and thermodynamic characteristics of tropical 
disturbances in the western North Pacific. They proposed 
a daily Genesis Potential Parameter (GPPI), which is 
determined as the vorticity difference between 900 and 
200 hPa levels. The study suggests that this parameter 
could be applied to differentiate between developing and 
non-developing tropical disturbances 24). Roy Bhomik 
found that a low-pressure system with GPPI value 10 ×  10  has the potential to intensify into a hurricane 
55). DeMaria et al. investigated the potential of 
cyclogenesis between Africa and the Caribbean islands in 
the North Atlantic. They introduced a genesis parameter 
as the product of mean vertical wind shear, instability, and 
moisture factors. This parameter can be used to analyze 
cyclogenesis as well as interseason variability in TC 
formation over this region 64). 

Every year, the BoB has a significant number of low-
pressure systems, but only a small number of these 
systems intensify into disastrous storms. To minimize the 
catastrophe of severe storms, accurate weather forecasts 
and effective disaster management and mitigation 
strategies are essential. A suitable GPPI that could indicate 
early in the system's development whether it has the 
potential to intensify into a cyclonic storm can be very 
crucial for early warning systems and disaster 
preparedness. Kotal et al. proposed a GPPI that contains 
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both dynamic and thermodynamic parameters to 
distinguish between developing and non-developing low-
pressure systems over the Indian Ocean 62). They 
demonstrated that this approach can reliably predict most 
of the developing and non-developing cases. However, the 
GPPI of a significant number of depression cases showed 
enough potential for intensification, but no one there 
ultimately developed 62). GPPI values also demonstrated 
no discernible difference between developing and non-
developing systems in the early stages of the system 55). 
These limitations motivate us to develop a suitable RGPPI 
to predict TC formation and intensification events over the 
BoB. The main objective of this study is to develop the 
RGPPI and verify whether it can provide insight into the 
suitability of the existing environment for cyclone 
formation. It is also studied which parameters play the 
most crucial role in TC development over the BoB. It is 
expected that the proposed technique may provide more 
realistic predictions for cyclonic system formation and 
intensification. A diagnostic study of the parameters 
governing TC formation will also be crucial in 
understanding their dynamics. The RGPPI approach, with 
a deeper understanding of each parameter, may 
collectively offer more realistic predictions for the 
formation and intensification of the cyclonic systems.  
 
2.  Description of Cyclonic Systems 

The following subsection offers a summary of the 
weather conditions linked to the cyclonic systems 
examined in this study. 

 
2.1  Extremely Severe Cyclonic Storm (ESCS) Fani 

Extremely Severe Cyclonic Storm (ESCS) Fani 
originated from a Low-pressure Area (LPA) that 
developed in the early hours of April 25, 2019, over the 
EIO and adjacent southeastern BoB (approximately 
2.70 N and 88.70 E) 65, 66, 67, 68). The system deepened into 
a Depression (D) across the identical regions around 0300 
UTC of 26 April. Proceeding northwest, it became a Deep 
Depression (DD) and subsequently intensified into a CS, 
Fani, around the morning and midday of 27 April, 
respectively 65, 66, 67, 68). Continuing its movement to the 
northwest, it intensified into a SCS on the evening of 27 
April and then turned into a Very Severe Cyclonic Storm 
(VSCS) across the same area in the early morning of 30 
April. It subsequently proceeded west-northwestwards 
and concentrated into an ESCS across west-central and the 
southwest BoB at 0000 UTC on 30 April. It reached the 
highest severity of 115 knots from the evening of 2 May 
till the early hours of 3 May. After dropping a few 
strengths, it crossed the Odisha coast near Puri at 
approximately 0300 UTC of 3 May with a Maximum 
Sustained Wind Speed (MSWS) of 175–185 kmph 65, 66, 67, 

68). The total accumulated cyclone energy and power 
dissipation index for the ESCS Fani was found to be 
higher compared to the long-term average (1972–2017) 69). 

The overall system life duration was 204 hours from D to 
D. It had one of the largest tracks, with a total track length 
of 3030 km. 

 
2.2  VSCS Yaas 

The VSCS Yaas was formed from an LPA that occurred 
over the west-central BoB at 0300 UTC of 2 May 2021. 
The LPA developed into a well-marked LPA throughout 
the same region at approximately 0900 UTC on the same 
day 49, 70, 71, 72). Under the suitable climatological situation, 
the system intensified into a D over the same region at 
about noon of 23 May 49, 71). It strengthened into a DD and 
then into a CS, Yaas, over the same region during the 
midnight of 23 May and the early morning of 24 May, 
respectively, after proceeding northwestwards. 
Continuing its movement north-northwestwards, it 
deepened into a SCS and VSCS around 1800 UTC of 24 
May and 1200 UTC of 25 May, respectively. It reached 
the Odisha coast close to latitude 21.35 N and longitude 
86.95 E as a VSCS with MSWS of 75 kts to 85 kts 49, 70, 

71, 72). The highest intensity of the CS was 75 kts to 85 kts. 
The cyclone's trajectory was 703 km long 71). From D to 
D, the total lifetime of the system was 114 hours. 

 
2.3  CS Burevi 

The CS Burevi formed as a low-pressure system in the 
equatorial easterly wave across the South Andaman Sea 
and neighboring portions of the Southeast BoB and EIO 
on 28 November 2020 73, 74, 75, 76). On 29 November, it 
became a well-defined LPA over the same region. It 
moved over the Southeast BoB on 30 November, at 0000 
UTC, and strengthened into a D. It concentrated into a DD 
early on 1 December, over the Southwest and neighboring 
Southeast BoB as it proceeded almost westward. 
Subsequently, on 1 December, in the evening (1200 UTC), 
it proceeded west-northwestward and developed into CS 
"Burevi" over Southwest BoB 75, 76). On 2 December, 
between 1700 and 1800 UTC, it crossed Sri Lanka's coast 
near the north of Trincomalee in keeping with its west-
northwestward movement 75, 76). it continued to move 
west-northwestwards and degraded into a DD over the 
Pamban area in the evening (1200 UTC) of 3 December. 
The movement of the system declined considerably, and it 
was therefore almost stationary over through the Gulf of 
Mannar close to the coast of Ramanathapuram district for 
almost 18 hours. On 4 and 5 December, it weakened into 
a D and subsequently into an LPA over the same region 74). 

 
2.4  DD (6–9 December 2017) 

The DD (6–9 December 2017) developed from a LPA 
over the Malay Peninsula and the surrounding Andaman 
Sea on the morning of 30 November 2017 77). It was a 
well-defined low-pressure system across the southern 
Andaman Sea and the adjacent Malacca Strait on 1 
December. After continuing to make progress toward the 
southeast BoB and the surrounding region until 5 
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December. It developed into a D over the same region on 
6 December. Moving north-northwestward, it deepened 
into a DD over the central BoB in the early morning of the 
8 December 77). During that day's night, it proceeded 
almost northward and degraded into D over western BoB. 
On 9 December, it kept turning in a north-northeasterly 
direction in the morning and diminished into a LPA over 
Northwest BoB in the evening. It is important to note that 
the system deteriorated over the sea. Throughout its 51-
hour lifetime, the system caused severe to extremely 
severe rainfall across north coastal Andhra Pradesh and 
coastal Odisha77). 

 
3.  Methodology 

The Weather Research and Forecasting (WRF) Model 
stands as a sophisticated mesoscale numerical weather 
prediction system designed for both atmospheric 
investigation and practical forecasting applications. 
Through its incorporation of multiple physics approaches 
and its effectiveness across various uses, the WRF model 
surpasses many other numerical operational models 
available for simulating the atmosphere and conducting 
meteorological studies, solidifying its position as the most 
widely employed numerical weather prediction model 
worldwide. The WRF-ARW model can generate 
simulations based on real-world atmospheric conditions 
(observations and analysis) as well as idealized 
configurations. The WRF ARW model version 4.3.1 has 
been applied in this present study. The WRF-ARW model 
has been executed on a single domain with a horizontal 
resolution of 10 kilometers to simulate the formation and 
intensification procedures of the selected systems. The 
central point of the domain has been used as 5  & 87 ; 
16.5  & 87.5 ; 6.0  & 86.0 , and 13.0  & 86.0  
respectively. For ESCS Fani, the total number of grid 
points in both the west-east and north-south directions was 
280. The total number of grid points over the selected 
domain for VSCS Yaas, CS Burevi, and the DD case was 
170, 180, and 170, respectively, both in the west-east and 
north-south directions. The map projection used in this 
study is Mercator. This study uses the Kain-Fritsch (new 
Eta) scheme for cumulus parameterization 78), the Kessler 
scheme for microphysics 79), and the Yonsei University 
(YSU) scheme for the planetary boundary layer 80). The 
physics parameterization schemes used in the present 
study are the Revised MM5 scheme for surface layer 
physics 81), the Unified Noah LSM scheme for the land-
surface model 82), the Dudhia scheme for short-wave 
radiation 83), and the RRTM scheme for long-wave 
radiation 84).  

The National Center for Environmental Prediction 
(NCEP) FNL (Final) operational global analysis and 
forecast data (0.25º × 0.25º) from the Global Data 
Assimilation System (GDAS) organized operationally 
every six hours have been used as the initial and lateral 
boundary conditions in the present work. The model 
simulated Minimum Central Pressure (MCP) and MSWS 

outcomes have been compared with the India 
Meteorological Department (IMD) observations for all 
cases. The computed RGPPI pattern has been compared 
with the GPPI pattern of Kotal et al. 62). The observations 
of the other simulated parameters are currently 
unavailable to the authors. 

 
4.  Results and Discussion 

Four cyclonic systems of varying intensities across the 
BoB between 2017 - 2021 have been considered in the 
current study. The following section offers a diagnostic 
analysis of several meteorological parameters connected 
with the RGPPI index in understanding the formation and 
development processes of cyclonic systems. 

 
4.1  Analysis of Mean Sea Level Pressure 

A significant decrease in sea level pressure, forming a 
LPA, is a crucial phase in the formation of weather 
disturbances that might turn into a TC under suitable 
environmental conditions. The model simulated Mean Sea 
Level Pressure (MSLP) distribution of the selected 
cyclonic systems Fani, Yaas, Burevi, and DD cases are 
presented in Fig. 1 (a – l) respectively. According to the 
simulated MSLP distribution of ESCS Fani, a LPA is 
formed at 0300 UTC of 25 April over the east EIO and its 
adjacent southeastern BoB for the 72-hour simulation 
based on 0000 UTC of 24 April 2019. The determined 
LPA position and timing closely correspond to the 
observations. The center of cyclonic system Fani is 
predicted to be at different positions in various 
simulations: 4.68º N/87.40º E for 72 hours, 5.59º N/86.04º 
E for 48 hours, and 4.38º N/89.41º E for 24 hours. The 
simulated MCP for the ESCS Fani during the genesis 
stage at 0000 UTC on April 27 was around 965 hPa for 
the 72-hour simulation, 975 hPa for the 48-hour 
simulation, and 990 hPa for the 24-hour simulation. 

A LPA is simulated to develop throughout the west-
central section of the BoB by 2200 UTC on May 22, 
according to the 72-hour simulation for the VSCS Yaas. 
By 0000 UTC on May 24, the system's simulated positions 
are approximately 17.77ºN/89ºE for 72 hours, 
17.2ºN/90.2ºE for 48 hours, and 16.5ºN/88.97ºE for 24 
hours. The predicted MCP is determined around 965 hPa 
for the 72-hour simulation, 975 hPa for the 48-hour 
simulation, and 984 hPa for the 24-hour simulation.  

CS Burevi originated from a low-pressure system 
within the equatorial easterly wave, spanning the South 
Andaman Sea and adjacent areas of the Southeast BoB 
and the EIO on November 28, 202073, 74, 75, 76). According 
to the simulations, a low-pressure system formed 
throughout the South Andaman Sea and neighboring 
regions in the early morning of 28 November. Since its 
formation, the system has been observed recurving 
predominantly westward. Around November 30, the 
system exhibited a small curvature over the southern BoB, 
which was consistent with observations. 975, 981, and 
1000 hPa are the simulated MCP of the system for 72-,
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Fig. 1: The simulated MSLP distribution of ESCS Fani (a–c) valid for 0000 UTC of 27 April 2019, VSCS Yaas (d–f) valid for 
0000 UTC of 24 May 2021, CS Burevi (g–i) valid for 0000 UTC of 1 December 2021, and DD (j–l) valid for 0000 UTC of 8 

December 2017 respectively. 
 
48-, and 24-hour lead time simulations.  

The system's center location and MCP have shown 
slight variations across several simulations. The MCPs 
continually decrease over time, suggesting the system is 
organized with a pressure gradient, indicating potential for 
strengthening. However, the model tends to predict 
significantly lower MCPs, indicating more severe 
conditions than observed. In the DD case, the simulated 
MCPs are higher compared to other cases. The pressure 
differences within the simulated system might indicate  
potential storm categories. Despite some inaccuracies, the 
model generally performs well in simulating the MSLP 
distribution. 
 

4.2  Wind Flow Analysis 
The horizontal wind flow distribution (m s 1) at the 850 

hPa level for the cyclones Fani, Yaas, Burevi, and DD case 
has been shown for 72-hour, 48-hour, and 24-hour 
simulations in Fig. 2 (a - l). The presence of dominant 
cyclonic flow in the Northern Hemisphere is a key factor 
influencing the formation and development of TCs 79-81). 
The wind flow analysis at the 850 hPa level for the ESCS 
Fani reveals a strong cyclonic circulation across the 
simulated region, with a well-organized center zone near 
the equator and surrounding regions in the BoB. The 
model-predicted system is almost organized for the 24-
hour simulation, but the wind speed is lower compared to

 

(d) (e) (f) 

(g) (h) 

(b) 

48 hours  

(i) 

(j) (k) 

(c) 

24 hours  

(l) 

72 hours  

(a) 
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Fig. 2: The simulated wind flow (m s ) distribution at 850 hPa level of ESCS Fani (a–c) valid for 0000 UTC of 27 April 2019, 
VSCS Yaas (d–f) valid for 0000 UTC of 24 May 2021, CS Burevi (g–i) valid for 0000 UTC of 1 December 2021, DD (j–l) valid 

for 0000 UTC of 8 December 2017 respectively. 
 
the 72- and 48-hour simulations. During the genesis stage 
of ESCS Fani, the model simulated MSWS at the 850 hPa 
level is determined to be 65, 50, and 35 m s 1 for lead 
times of 72, 48, and 24 hours respectively, indicating a 
decrease in wind speed as the lead time reduced, despite 
the system being nearly organized in the 24-hour 
simulation. A cyclonic circulation is demonstrated over 
the simulated region in all cases according to the model's 
simulated results. In the cyclonic systems Yaas and Burevi, 
the core of the system, known as the zone of convergence, 
is well-structured in 72- and 48-hour simulations. This 
convergence zone plays a crucial role in absorbing heat 
and energy from the sea surface, thereby contributing to  
the system's favorable environment for development. For 
all cases, the model simulates a well-structured 

convergence zone at the 72-hour lead time, but as the lead 
time reduces, the predicted central region becomes 
slightly disorganized compared to outcomes of higher lead 
time simulations. Specifically, in the DD case, while the 
center is organized in the 72-hour simulations, it appears 
more scattered in the 24-hour simulations. 

The model simulates that the MSWS of all systems are 
located over their respective eyewalls. For VSCS Yaas, the 
model-predicted MSWS values are determined 55, 45, and 
40 m s 1 for 72-hour, 48-hour, and 24-hour lead time 
simulations respectively. For CS Burevi, the simulated 
MSWS values are 55, 45, and 27 m s 1 for the same lead 
times. 

In the case of DD, the model predicts MSWS values of 
50, 30, and 20 m s 1 respectively for the 72-hour, 48-hour, 

72 hours  

(a) 

48 hours 

(b) 

24 hours 

(c) 

(d) (e) (f) 

(g) (h) (i) 

(j) (k) (l) 
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and 24-hour lead time simulations during the genesis stage. 
At the 200 hPa level, a cyclonic circulation is found in all 
events, but it lacks a well-defined structure. Additionally, 
a divergence zone is observed at this level (Fig. not 
shown). During the genesis stage, a well-organized zone 
is identified up to the 500 hPa level, but at 200 hPa, the 
divergence zone is prominent. Despite the disorganized 
nature of the divergence zone in the first three cases, it 
tends to develop into a convergence zone, indicating the 
possibility of more cyclonic rotation. However, in the DD 
case, the system's cyclonic circulation is comparably 
feeble, and the center appears scattered at the 200 hPa 
level, which may indicate the system's degradation. 

 
4.3  Sea Surface Temperature Distribution Analysis 

TC formation is significantly influenced by the 
temperature of the underlying ocean, particularly the 
thermal energy within the upper 60 meters (about 200 
feet) of ocean waters. TC formation typically requires a 
water temperature higher than 26ºC 3, 16). Warm SSTs 
ranging from 30–31ºC were recorded throughout the BoB 
approximately a week before the formation of ESCS Fani, 
spanning from 19-25 April 2019 69, 88). ESCS Fani was 
noted to have the highest mean SST of 30.4°C before the 
genesis stage compared to any other cyclone forming over 
the BoB during April between 1990-201988). The 
simulated horizontal and vertical cross-section of the SST 
of cyclonic systems Fani, Yaas, Burevi, and a DD case has 
been analyzed in this study. The model-predicted SST 
distribution of ESCS Fani at a 2-meter height reveals that 
the temperature of the simulated region ranges between 
26.35-30.35°C, except for some small areas just outside 
the center (Fig. 3 (a–c)). During the genesis stage of VSCS 
Yaas, the model-
29°C, and 29°C for the 72-hour, 48-hour, and 24-hour 
simulations, respectively. For CS Burevi, the simulated 
maximum SST ranges from approximately 28–30°C, 28–
31°C, and 28–32°C for the 72-hour, 48-hour, and 24-hour 
lead time simulations. In the case of DD, the simulated 
SST is consistently around 28–32°C for all simulations. 
The cyclonic systems Fani and Yaas show higher 
temperatures across the simulated regions compared to 
cyclonic systems Burevi and the DD case. This warmer 
SST supplies the required fuel for the system's growth and 
aids in its intensification16, 69). However, in the DD case, 
the SST in the northwest sector of the simulated region is 
significantly lower than on the other sides, potentially 
impacting the system's development (Fig. 3 (j – l)). 

The vertical cross-section of temperature distributions, 
exhibited using the latitude of the system's center, 
indicates a warm-core system in the temperature field 
extending from the system center to the mid-tropospheric 
level. This warm-core structure may be a result of the 
system's downward compensation. The 24-hour 
simulations for cyclonic systems Fani, Yaas, and Burevi 
also exhibit the presence of a warm core. As this warm 

core matures and static stability develops over the inner 
core, conditions for frequent upward convection become 
less favorable, leading the storm to transition into a more 
stable state. These high SST and warm-core temperature 
systems are highly conducive to cyclone formation and 
intensification. However, in the case of DD, the presence 
of a warmed core appears to be absent according to 24-
hour lead time simulations, indicating limitations that may 
impede the system's development. 

 
4.4  Vertical Wind Shear Analysis 

Environmental VWS is a crucial factor that may 
influence the formation, growth, and maintenance of 
cyclonic systems 32, 89, 90). W. M. Gray's research 
highlighted that hurricanes are particularly sensitive to the 
east-west, or "zonal," component of wind shear, while the 
north-south, or "meridional," component had a negligible 
impact on these storms 3, 16). From the analysis of VWS 
using the u-component of velocity between the (500 and 
850) hPa levels and the (200 and 850) hPa levels (not 
shown in the Fig), it is found that the VWS value in the 
system center varies between 5-10 m s 1. This indicates 
that at the system center, the wind is in an exceedingly 
calm state for the simulated cases. For ESCS Fani, the 
maximum VWS values are determined around 40, 30, and 
30 m s 1 for the 72, 48, and 24-hour simulations 
respectively, between the 200 and 850 hPa levels. 
Similarly, for VSCS Yaas, the maximum sustained VWS 
values between these levels are found as around 30 m/s 
for all simulations. For CS Burevi, the simulated 
maximum VWS values are 40, 30, and 30 m s 1for the 72-
hour, 48-hour, and 24-hour simulations respectively. In the 
DD case, the VWS magnitudes are approximately 30 m 
s 1 for all lead time simulations. 

The maximum VWS values for ESCS Fani are about 40, 
30, and 30  1 for the 72, 48, and 24-hour simulations 
between the 200 and 850 hPa levels respectively. Similarly, 
for VSCS Yaas, the maximum sustained VWS values 
between these levels are approximately 30 m/s for all 
simulations. For CS Burevi, the simulated maximum 
VWS values are found around 40, 30, and 30  1 for the 
72, 48, and 24-hour simulations respectively. In the DD 
case, the VWS magnitudes are determined as 30  1 for 
all lead time simulations. 

These simulated VWS values are higher compared to 
the theoretically determined suitable VWS values. Higher 
VWS can potentially harm TCs by reducing the heat and 
moisture they require from the surrounding region, and it 
may also distort the TC structure by separating the top 
from the lower portion. Between the 500 and 850 hPa 
levels, the maximum values of VWS for the ESCS Fani 
are relatively low to moderate, around 15, 10, and 15  

1 for the 72-, 48-, and 24-hour simulations, respectively 
in the surrounding areas of the system center. 

For VSCS Yaas, the simulated VWS values are 
approximately 10, 10, and 15  1 for the 72-, 48-,  and 
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Fig. 3: The simulated temperature (�C) distribution of ESCS Fani (a–c) valid for 0000 UTC of 27 April 2019, VSCS Yaas (d–f) 
valid for 0000 UTC of 24 May 2021, CS Burevi (g–i) valid for 0000 UTC of 1 December 2021, and DD (j–l) valid for 0000 UTC of 

8 December 2017 respectively. 
 

24-hour simulations. Similarly, the maximum VWS 
values for CS Burevi are determined as 20, 15, and 12  

1 the 72-, 48-, and 24-hour simulations. Similarly, the 
maximum VWS values for CS Burevi are determined as 
20, 15, and 12  1 for the 72-, 48-, and 24-hour model 
runs respectively. In the case of DD, the VWS values are 
about 15, 10, and 9  1 respectively. Significantly, the 
VWS values decrease as the lead time of the simulations 
diminishes. These values for the simulated cyclonic 
systems are determined to be low to moderate for all 
simulations. Moderate VWS values in the lower 

troposphere may contribute to the development of 
cyclonic systems. However, in the DD case, the simulated 
VWS values are comparatively higher between the 200 
and 850 hPa levels, which could be detrimental to system 
development. Furthermore, these higher VWS values 
prevailing over the upper troposphere may lead the 
systems in a recurving movement, causing the center to be 
displaced91). 

 
 

  

(d) (e) (f) 

(g) (h) (i) 

(j) (k) (l) 

(a) 

72 hours  

(b) 

48 hours  

(c) 

24 hours  
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4.5  Relative Vorticity Analysis 

TCs do not form spontaneously from random 
convection. They require a "seed" to govern the 
environment surrounding them. Positive vorticity, which 
indicates how air spins, is important for their formation, 
especially in regions near the equator where the Coriolis 
force is extremely low 92). From the model simulated 
relative vorticity analysis at 850 hPa and 500 hPa levels, 
it is determined that both positive and negative vorticity 
are generated through the simulated regions. The 
predicted maximum positive vorticity is determined in the 
system's eyewall and it is found positive for each level. 
The maximum positive vorticity is about 160, 120, and 
140 × 10  s  at 500 hPa level and 300, 250, and 210 
× 10  s  at 850 hPa level for ESCS Fani. The highest 
positive vorticity for VSCS Yaas is predicted around 120, 
150, and 120 × 10  s  at 500 hPa level and 200, 200, 
and 180 × 10  s  at 850 hPa level, respectively. 330, 
335, and 110 × 10  s   and 140, 140, and 70 × 10  s  are the simulated RV at 850 and 500 hPa levels 
for the CS Burevi respectively. For the DD case, the 
simulated maximum RVs are determined approximately 
265, 90, and 90 × 10  s   and 140, 120, and 50 × 10  s  at 850 and 500 hPa levels for 72, 48, and 24-
hour simulations. It is also observed that the positive 
vorticity values have diminished as the distance from the 
system's center increases. RV is found to be positive up to 
200 hPa level, indicating cyclonic circulation up to the 
upper-tropospheric level. This suggests that there's a 
significant pre-existing vortex up to the middle 
troposphere, which helps trigger strong updrafts from the 
lower troposphere during the system formation 27, 93, 94). 

 
4.6  Relative Humidity Analysis 

Relative humidity of the higher order in the low-to-
middle troposphere plays a crucial role in the formation 
and intensification of TCs3, 82).  The model's relative 
humidity analysis at 2m height shows a strong, consistent 
supply of moisture from the southwest, with values 
ranging from 80-100%. This moisture is crucial for 
triggering intense convective activity related to cyclonic 
systems. Relative humidity just above the center is 
relatively lower (around 70%) compared to its 
surroundings up to the mid-tropospheric level. However, 
vertically, relative humidity extends from 90-100% up to 
the mid-tropospheric level, indicating favorable 
conditions for cyclone intensification. High relative 
humidity, extending from the surface to the mid-
troposphere, is concentrated around the center's periphery 
during the genesis stage, which is highly conducive to 
cyclone formation. 

 
4.7  Revised Genesis Potential Parameter Index 

The formation of TCs is closely linked to specific 
weather conditions. Key factors include low-level RV, 
mid-tropospheric relative humidity, mid-tropospheric 

instability, and VWS between 200 and 850 hPa. These 
parameters are crucial for the development of cyclonic 
systems. Kotal et al. 60) have calculated the GPPI using the 
following formula: 

=  ×   ×   if > 0, I > 0, and P >  00 if 0 and P  0   
Here, = low-level RV (10  ) at 850 hPa level,  Mid tropospheric relative humidity   =  | 40|30  , 
where   is the average relative humidity of 700 
and 500 hPa level,  = VWS between 200 and 850 hPa level (m s ),  
and Mid-tropospheric instability between 850 and 500 
hPa levels, = ( )   
It is recognized that The severity of cyclonic systems is 
determined by the MCP in the core region of the storm. 
MCP and MSWS are vital factors used to categorize 
cyclones 96, 97). Using these, the RGPPI can be formulated 
as: 

=  ×   ×   ×   ×   ×  1000  if , , ,  > 0,= 0 if , , ,  0  

 
Here, M = (1013 MCP) hPa, V = wind speed at 850 hPa 
level (m s ). 
 

This section compares the RGPPI with various 
developing and non-developing low-pressure systems to 
establish its threshold value throughout the BoB. Recent 
cyclonic systems like ESCS Fani, VSCS Yaas, CS Burevi, 
and DD cases are analyzed using the RGPPI technique. 
Data from NCEP re-analysis, available at a 0.25° latitude-
longitude grid, is utilized to simulate these events. The 
analysis shows that the average RGPPI values for 
developing systems exceed 30.0, while those for non-
developing systems are below 30.0. Table 1 presents the 
average RGPPI values of the simulated systems, and Fig. 
4 (a-l) graphically illustrates the calculated GPPI and 
RGPPI.  

For ESCS Fani, the mean RGPPI values are 567, 272, 
and 118 for 72-hour, 48-hour, and 24-hour simulations, 
respectively. These values significantly exceed the 
threshold of 30, indicating a high potential for severe 
intensification of the system. The variation in the 
calculated GPPI values over time show no clear trend for 
the 72-hour simulation, suggesting no distinct indication 
of the system's severity increasing or decreasing. In the 
48-hour simulation, GPPI increases until 0600 UTC of 
April 26, then starts declining. In the 24-hour simulation, 
GPPI shows a downward trend overall. However, the last 
12 hours of the simulation show an upward pattern, 
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suggesting favorable conditions for system intensification. 
However, the last 12 hours of the simulation show an 
upward pattern, suggesting favorable conditions for 
system intensification. In contrast, RGPPI consistently 

shows an increasing trend over the time series for all 
simulations, clearly indicating system development. For 
VSCS Yaas, both GPPI and RGPPI show an increasing 
trend, suggesting cyclone formation. The sharp rise in 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) 

(j) (k) (l) 

Fig. 4: Time series of GPPI and RGPPI of ESCS Fani (a–c), VSCS Yaas (d–f), CS Burevi (g–i), and DD (j–l) valid 
for 72-, 48-, and 24-hour simulations respectively 
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RGPPI offers a clearer insight into the system's potential 
severity compared to GPPI. The average RGPPI values for 
the 72, 48, and 24-hour simulations are 147, 134, and 146 
respectively. These values indicate favorable atmospheric 
conditions for the system's development. The GPPI and 
RGPPI for the CS Burevi case demonstrate a rising 
tendency for both 72 and 48-hour lead time simulations. 
The mean RGPPI values are 238 and 123 for 72 and 48-
hour simulations respectively. These RGPPI values are 
significantly higher than the threshold value. For 24-hour 
simulation, the GPPI generates slightly declining trends, 
whereas the RGPPI provides slowly increasing patterns. 
For the 24-hour lead time simulation, the RGPPI value is 
36. The RGPPI value found in the 24-hour simulation is 
lower than the RGPPI values calculated in the 48 and 72-
hour simulations, but it also exceeds the threshold value. 
The development of cyclones with relatively low intensity 
can be suggested by the average lower RGPPI values and 
the corresponding rising trend. 
 

Table 1. Average RGPPI value of the simulated cases 

Event 
Lead time (hour) Threshold Value 

72 48 24 

30 
ESCS Fani 567 272 118 
VSCS Yaas 147 134 146 
CS Burevi 238 123 36 

DD 142 78 25 
 
For the DD case, the average RGPPI values are 142, 78, 

and 25 for 72, 48, and 24-hour lead time simulations 
respectively. Both GPPI and RGPPI exhibit a rising trend 
for the 72-hour simulation. In the 48-hour simulation, both 
indices rise until 1800 UTC of July 7, but then decline 
significantly over the last six hours. This drop may be 
attributed to a significant decrease in RV at the 850 hPa 
level during that period. Both GPPI and RGPPI show a 
declining tendency for simulations over 24 hours. The 
downward trend, coupled with a relatively low mean 
RGPPI value (25), suggests the potential degradation of 
the cyclonic system. It's worth noting that the RGPPI 
value for the 72-hour simulation might be overestimated, 
as the model tends to intensify the system in the genesis 
simulations with longer lead times 49, 53, 98, 99).  

Table 2 displays the simulated average values of M, V, I, 
 , and S. Figures 5-7 illustrate graphical 

representations of the average values and time series of 
these parameters for all simulations, respectively. 
Through statistical analysis of various environmental 
parameters associated with RGPPI, it's revealed that mid-
tropospheric instability, relative humidity, and 850-hPa 
vorticity are the most influential factors in TC genesis 
over the BoB.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: Graphical representation of the simulated average 

values of M, V, I, , and S for all simulations respectively. 

 

(a) 

(b) 

(c) 

(d) 

(e) 
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Table 2. Simulated average values of M, V, I, , and S for all simulations

Case Lead time (hour) M (hPa) V (  )  ×  I (ºC) S (  ) 

Fani 

72 976.92 50.12 127.20 25.82 33 

48 993.88 34.29 141.76 26.14 28.53 

24 998 26.22 157.78 26.44 26.11 

Yaas 

72 993.64 29.08 261.20 23.92 27.4 

48 994.38 29.00 192.35 27.00 26.18 

24 994.55 30.56 197.78 28.83 28.33 

Burevi 

72 994.68 32.60 212.00 22.07 27.4 

48 999.94 27.53 128.24 22.67 28.52 

24 1003.27 24.44 105.00 21.96 27.22 

DD 

72 995.08 31.56 162.00 21.61 29 

48 998.24 28.18 131.76 21.03 29.12 

24 1002.67 21.33 72.22 22.91 28.33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Time series of simulated MCP (a–c) and MSWS (d–f) of the cyclonic systems Fani, Yass, Burevi, and DD case for all 
simulations 

 
 

(f) 

(a) (b) (c) 

(d) (e) 
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Fig. 7: Time series of simulated VWS (g–i), RV at 850 hPa level (j–l), and mid-tropospheric instability (m–o) of the cyclonic systems 

Fani, Yass, Burevi, and DD case for all simulations. 
 

Mid-tropospheric instability, 850-hPa level relative 
vorticity, MCP, and V are deemed suitable for the 
development of cyclonic system Fani. Despite higher-
than-ideal vertical wind shear, Fani concentrated and 
gradually developed into an ESCS due to substantial 
support from relative vorticity, relative humidity, and mid-
tropospheric instability. For the cyclonic system Yaas, an 
average VWS of 26-28 m s   is determined for all 
simulations. Despite the high VWS, other conditions, 
particularly high mid-tropospheric instability, and 
substantial relative vorticity, contributed to the 
development of VSCS Yaas. Strong mid-tropospheric 
instability may act as a buffer, reducing VWS and 
allowing the storm's core to remain vertically aligned, 
aiding storm organization and intensification 17, 19, 100). 
Thus, TC development over the BoB can be significantly 
influenced by comparatively higher RV and mid-
tropospheric instability, even in the presence of strong 
VWS. These factors play crucial roles in organizing and 
intensifying cyclonic systems, highlighting the complex 
interplay between various atmospheric conditions in the 
genesis and development of TCs over the BoB. 

In the case of CS Burevi, all mentioned parameters, 
including VWS, are relatively weaker compared to 
cyclonic systems Fani and Yaas. Despite their 

comparative weakness, the combination of these factors is 
sufficient to support the development of the cyclonic 
systems Fani and Yaas. Despite their comparative 
weakness, the combination of these factors is sufficient to 
Burevi. The RV at the 850 hPa level and mid-tropospheric 
instability for CS Burevi are in the range of 105–262 × × 10  s   and 22–23ºC, respectively. Despite the 
presence of high VWS around 27-29 m s , the severity 
is influenced by the combination of high RV and relatively 
low mid-tropospheric stability. Since the required mid-
tropospheric instability and RV are relatively modest, the 
system could still intensify into a lower-category cyclone 
despite substantial VWS in the upper troposphere. For the 
DD case, mid-tropospheric instability and RV are 
relatively weak, while VWS is comparatively larger 
compared to the theoretically ideal value. This scenario 
raises the possibility that these environmental factors 
could lead to the degradation of the system. Furthermore, 
the outcomes indicate that VWS plays a negligible 
positive contribution to the development of the mentioned 
cyclonic systems in the presence of strong RV and mid-
tropospheric instability. This finding is consistent with 
previous observations101, 102).  

TC activity over the BoB shows a strong correlation with 
the RGPPI. Realistic predictions have been made between 

(g) 

(h) 

(j) 

(i) 

(m) (n) 

(k) (l) 

(o) 
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24 and 48 hours before the event, and notably, no system 
detection has failed using this parameter. This indicates 
that the RGPPI is crucial in assessing the potential of a TC 
in its early phase. Such information would be highly 
beneficial to operational forecasters, providing them with 
valuable insights for improved forecasting accuracy and 
early warning systems. 
 
5.  Validation of Simulation Results 

The comparison between simulated results and 
observations for all simulations is presented in Tables 3, 4, 
and 5. At the genesis stage, the simulated MCP of ESCS 
Fani is around 961, 975, and 989 hPa for the 72-, 48-, and 
24 simulations, respectively (Table 3) However, the 
Estimated Central Pressure (ECP) according to the IMD 
report is 997 hPa68). The corresponding absolute errors are 
2.52, 1.52, and 0.61% respectively. The model simulated 
MSWS of ESCS Fani is noted as approximately 61, 50, 
and 40 m s  valid for 72, 48, and 24-hour simulations 
valid at 0000 UTC of 27 April 2019 respectively while the 
estimated MSWS is 15.36 m s   according to IMD 
report 70). The computed errors are 37.5, 27.5, and 22.5 m s  , respectively. Comparatively, the simulated MCP 
errors for the Fani, Yaas, Burevi, and DD cases are 
minimum for the 24-hour simulation, determined to be 7, 
6, 0, and 1 hPa, respectively, in comparison to the 
observations68, 70-72).  The observed SST of Fani, Yaas, 
Burevi, and DD cases are 30-31, 30-31, 29-30, and 29-

63, 65-67).  
The simulated SSTs closely match the observations in 

all simulations, indicating a high level of credibility in the 
simulations. In the VSCS Yaas case, the maximum error 
ranges between 3- -hour simulation (Table 4). 
However, for all other simulations, the errors remain at a 
lower level, ranging between 1-  

The recorded maximum low-level RV values for Fani, 
Yaas, Burevi, and DD cases are 100, 100-120, 100, and 
100 × 10  s  respectively 63, 65-67).  The simulated RV 
values are positive and correlate well with the observed 
data. The maximum error for low-level RV is 60 × 

10  s   in the 72-hour simulation, whereas the 
minimum error is 20 ×10  s  in the 48-hour simulation. 
The RV generated by the 24-hour simulation in the DD 
case is approximately 50 × 10  s . Notably, this is the 
only simulation where the simulated results are lower than 
the observations. However, the predicted RV findings are 
still reasonable and sufficient to maintain a strong 
cyclonic circulation. 

The VWS values at both 850-200 hPa and 850-500 hPa 
levels are presented in Table 5, alongside the 
corresponding observed data. The observed VWS values 
for Fani, Yaas, Burevi, and DD cases are low to moderate 
and are recorded as 7-11, 5-11, 3-8, and 3-6 m s  
respectively. In comparison to the observations, the 
simulated VWS values between 850-200 hPa are 
significantly higher. However, the VWS values between 
850-500 hPa vary from low to moderate, exhibiting 
commendable consistency with the actual data.  

The simulated results appeared to be significantly 
higher than the observations during the 72-hour 
simulation. However, the predicted outcomes for the 24-
hour lead time simulations are noticeably consistent with 

the observations 49, 53, 103-105). Considering the error 
analysis, it can be concluded that if the lead time is 
reduced, the simulated results become very close to the 
observations. It is also determined that the model can 
reasonably generate the cyclonic systems but tends to 
generate higher intensities compared to the observations49, 

53, 103-107). To leverage these outcomes, integrate 
diminished lead time simulations for TC formation and 
intensification forecasting system. This approach, 
combined with the RGPPI, can improve the accuracy and 
timeliness of forecasts, enhancing preparedness in 
vulnerable regions. This will assist sectors such as 
agriculture, transportation, and disaster management 108, 

109). Further research should focus on optimizing this 
integration into decision-making processes, enhancing 
their practical utility. Additionally, these findings can 
refine climate models and improve our understanding of 
short-term weather phenomena. 

Table 3. Comparison of model simulated MCP and MSWS results with IMD’s observation

Cases Lead time (hour) 
MCP (hPa) MSWS (  ) 

Model RSMC Error Model RSMC Error 

Fani 
72 965 

 
997 

32 65 
 

15.42 

49.48 
48 975 22 45 29.58 
24 990 07 35 19.58 

Yaas 
72 965 

990 
25 55 

17.90 
37.10 

48 975 15 45 27.10 
24 984 06 40 22.10 

Burevi 
72 975 

1000 
25 55 

15.42 
39.58 

48 981 19 45 29.58 
24 1000 00 27 11.58 

DD 
72 980 

1002 
22 50 

15.42 
34.58 

48 996 06 30 14.58 
24 1003 01 20 04.58 
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Table 4. Comparison of simulated SST and low-level RV results with IMD’s observations 

Cases 
Lead time 

(hour) 
 Low-level RV (×  ) 

Model RSMC Error Model RSMC Error 

Fani 
72 27-30 

30-31 
1-3 160 

100 
60 

48 27-29 2-3 120 20 
24 27-29 2-3 140 40 

Yaas 
72 27 

30-31 
3-4 120 

100-120 
0-20 

48 29 1-2 150 30-50 
24 29 1-2 120 0-20 

Burevi 
72 28-30 

29-30 
1-2 140 

100 
40 

48 28-31 1-2 140 40 
24 28-32 1-2 170 70 

DD 
72 28-32 

29-30 
1-2 140 

100 
40 

48 28-32 1-2 120 20 
24 28-32 1-2 50 50 

Table 5. Comparison of simulated maximum VWS results with 
IMD’s observations 

Cases 
Lead time 

(hour) 
Maximum VWS (  ) 

VWS82 VWS85 RSMC 

Fani 
72 25-40 5-10 

7-11 48 20-30 5-10 
24 20-30 5 -15 

Yaas 
72 20-30 10-20 

5-11 48 25-30 10-15 
24 25-30 15-25 

Burevi 
72 25-30 5-20 

3-8 48 25-30 5-15 
24 25-30 3-12 

DD 
72 20-35 5-15 

3-6 48 25-30 5-10 
24 25-30 3-9 

  
6.  Conclusion 

This study aims to develop a technique that will 
contribute to better comprehending the formation and 
intensification of TCs over the BoB. A strategy named 
RGPPI has been presented, and its potential for 
understanding cyclogenesis has been examined. The 
discussion of the aforementioned topic generates the 
following crucial conclusions: 
 The proposed RGPPI technique is capable of generating 
realistic predictions regarding the genesis and 
development of cyclonic disturbances over the BoB 
compared to the GPPI.  
 The average RGPPI values could be 3-8 times higher 
than the threshold value of 30 for severe systems. 
 Mid-tropospheric instability, relative humidity at 850 
hPa level, and vorticity at 850 hPa level are found to be 
key factors that influence the formation and 
intensification of TCs over the BoB. 
 Upper-level VWS has negligible impact on the 
development of cyclonic systems, especially when 
there's low to moderate VWS up to the middle of the 
troposphere. This is especially true when there's strong 

instability in the middle of the troposphere, along with 
high humidity and vorticity at the 850 hPa level. This 
matches what we've found before 88, 89). 
 Simulations with shorter lead times, especially those 
predicting 24 to 48 hours in advance, produced results 
that matched what was observed.  
 
TC activity over the BoB is closely linked to the RGPPI 

technique. This approach provides insights into the 
potential severity and development of simulated systems 
within a 24 to 48-hour timeframe. It's noteworthy that 
realistic predictions have been made between 24 and 48 
hours before the event, with no missed detections. 
However, in the DD case, the RGPPI predicted its 
development into a cyclonic storm during the 72-hour 
simulation, but this outcome wasn't realistic. 
Overestimation of the RGPPI value in the 72-hour 
simulation could occur due to the model's tendency to 
intensify systems in genesis simulations with longer lead 
time durations47, 51, 88, 89). Each parameter included in 
RGPPI plays a distinct role in the intensification of a low-
pressure system. This metric would be crucial in 
determining the potential of a TC in its early stages. The 
insights from this technique would be valuable for 
operational forecasters. While the results from the case 
studies on cyclonic systems are promising, further studies 
can be conducted to establish threshold values and gain a 
more comprehensive understanding of RGPPI techniques. 

 
Declaration of Competing Interest 

The authors declare that they have no known competing 
financial interests or personal relationships that could 
have appeared to influence the work reported in this paper. 
 

Limitations of the Study 
In this study, the authors were unable to access the 

observed datasets comprising time series data for the 
studied parameters due to unavailability. Consequently, 
the simulated findings could not be validated in terms of 
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time series representation. Validation of simulated 
findings through time series representation in comparison 
to observations would be a valuable addition. The authors 
analyzed only four cases across the BoB. A larger number 
of cases from several basins can be studied to evaluate and 
improve the efficacy of this approach. 
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