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ABSTRACT: Studying the structure, intensity and track of tropical cyclone is very important in effective tropical 
cyclone warning. In this study, an attempt has been made to simulate the Super Cyclone Amphan to reproduce the 
structure, intensity and track of the storm that occurred over the Bay of Bengal and made landfall over the coastal zone 
of Sundarban between Western Bangladesh and Eastern West Bengal of India on 20 May 2020. The Weather Research 
and Forecasting (WRF) Model was run 120 hours from 0000 UTC of 16 May to 0000 UTC of 21 May 2021 with 9 km 
horizontal resolution to simulate the selected storm. The model simulated intensity and track of the storm were 
compared with that of best track data of India Meteorological Department (IMD). The results obtained from the WRF 
model indicated that the intensity of the selected cyclone in terms of Mean Sea Level Pressure (MSLP) and Maximum 
Sustained Wind speed (MSW) were 905 hPa and 243 kph whereas the observed MSLP and MSW were close to 920 
hPa and 241 kph respectively. It was also indicated that the model predicted the track of the cyclone reasonably well 
and it was quite close to the best track data throughout its path till landfall with very small deviation and the cyclone 
made landfall at 7-8 hours before the actual landfall with 167.4 km position error. 
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INTRODUCTION 

The most destructive meteorological phenomenon 
of the warm tropical ocean is the tropical cyclone 
which ravages life and property especially over the 
coastal belt due to extreme landfall, strong wind, and 
associated storm surges at the time of landfall. 

The mortality associated with the tropical cyclone 
is considerably high especially in the coastal zone of 
Bangladesh mainly due to poor socio-economic 
conditions of the people residing over that region. The 
Bay of Bengal is one of the most active zones of the 
world oceans for tropical cyclogenesis.  

On an average, 80 tropical cyclones with wind 
speed equal to or greater than 62 km/hr formed in the 
world ocean each year and 6.5% of the total tropical 
cyclones formed in the North Indian Ocean, of which 
5.5% in the Bay of Bengal and 1% in the Arabian Sea   
(McBride, 1995; Neumann, 1993).  

The Advance Research WRF (ARW) dynamic 
core of the Weather Research and Forecasting (WRF) 
model (WRF-ARW) is being widely used for the 
simulation and prediction of extreme weather events 

including tropical cyclones over this region and 
globally (Routray et al. 2010; Osuri et al., 2012). A 
good number of articles are reported on the simulation 
and prediction of tropical cyclones over the North 
Indian Ocean (Mohanty et. al. 2004, 2010; Osuri et al. 
2011, 2012, 2014; Rao and Prasad, 2006; Srinvas et 
al. 2010). It is well known that the characteristics of 
the tropical cyclone changes significantly at different 
stages of the life cycle. Though the track and intensity 
forecast of tropical cyclone has significantly improved 
(Mohapatra et. al., 2013a, 2013b and 2015), but still 
there is scope for further improvement in the structure, 
track and intensity forecast of tropical cyclones. 

The main objective of the study is to simulate the 
structure, intensity and track of Super Cyclone (SuC) 
Amphan using a high resolution WRF model. The 
secondary objective is to study the synoptic features 
associated with the selected case of SuC Amphan to 
improve the general understanding. 

A study has undertaken to simulate the structure, 
intensity and track of SuC Amphan beginning from 
genesis to dissipation using WRF-ARW model. 
Section 1 describes the introduction of the study. A 
brief description of the selected SuC Amphan is given 
in section 2, detail of the model configuration, data 
used and methodology to carry out the study are 
discussed in section 3. The results and discussion are 
presented in section 4. 
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DESCRIPTION OF SUC AMPHAN 

Amphan was a powerful and deadly tropical 
cyclone formed over Bay of Bengal in 2020 that 
caused widespread damage in Bangladesh and West 
Bengal of India. A low-pressure area was developed 
with associated cyclonic circulation over the 
Southeast Bay of Bengal and adjoining South 
Andaman Sea on 13 May 2020. This low-pressure 
area was concentrated into a depression over central 
parts of South Bay of Bengal on 15 May 2020. The 
system was intensified into a cyclonic storm named 
Amphan on 16 May 2020 and continued to intensity. 
It intensified into a very severe cyclonic storm on 17 
May 2020. The storm had developed an eye and 
started to intensify rapidly becoming an extremely 
severe cyclonic storm within 12 hours. As per the 
report of Joint Typhoon Warning (JTWC), it rapidly 
intensified from a Category 1 equivalent to Category 4 
equivalent cyclone in just 6 hours. The Amphan 
upgraded to category 5 equivalent cyclones and 
recorded lowest central pressure was of 920 hPa at 
approximately 12:00 UTC of 18 May 2020. At the 
same time, its position was over the west central Bay 
and adjoining areas and moved towards northwards. 

From 19 May 2020 00:00 UTC the intensity of the 
tropical cyclone began to decrease and on 20 May 
2020 at around 10:00 UTC the tropical cyclone began 
to hit the coast when the maximum sustainable wind 
speed was around about 155 kph and 180 kph with 
gust. The cyclone made landfall with its centre in 
eastern part of West Bengal (India) and Western 
Bangladesh in between 10:00 to 11:00 UTC of 20 
May 2020. At the time of landfall, 1-min sustained 
winds estimated by JTWC was 155 kmph. The centre 
of the system was initially in West Bengal, then the 
system moved northward with its centre bent towards 
east, when it crossed Bangladesh border near 
Jhenaidah District and adjoining area between 15:00 
to 16:00 UTC on the same day.  It moved further 
northward and weakened into a land deep depression 
over the Rajshahi Division on the following morning 
(21 May 2020).  

MODEL DESCRIPTION, DATA USED AND 
METHODOLOGY 

Model Description 

The National Centre for Atmospheric Research 
(NCAR) developed the Weather Research and 

Forecasting (WRF) model in collaboration with the 
National Oceanic and Atmospheric Administration 
(NOAA), the National Centre for Environmental 
Prediction (NCEP) and various universities. Model 
equations, physics, and dynamics are described in 
detail by Skamarock et al. (2008). The WRF model 
version 4.1 with a single domain at 9 km horizontal 
resolution (Figure 1) and 40 vertical levels is used in 
this study. The Runge–Kutta 3rd order and terrain-
following hydrostatic pressure for vertical coordinates 
time integration method was used. The physics 
options used are WSM 6-class microphysics scheme 
(Hong and Lim, 2006); Yonsei University planetary 
boundary layer scheme (Hong et al., 2006); Kain–

Fritsch cumulus scheme, (Kain and Fritsch, 1993). 
The Rapid Radiative Transfer Model (Mlawer et al., 
1997) and Dudhia’s scheme (Dudhia, 1989) are used 
for longwave radiation and shortwave radiation, 
respectively.  

 
Figure 1: Model Domain used in WRF for Cyclone 
Simulation with 9 km Resolution. The Shading gives the 
Terrain Height in Meters  

Data Used 

The initial and boundary condition is the Global 
Forecast System (GFS) model data of 0.25°x0.25° 
horizontal resolution at six hourly intervals obtained 
from the National Center for Environmental 
Prediction (NCEP, USA). Best track information of 
tropical cyclone Amphan was taken from India 
Meteorology Department (IMD) (http://www. 
rsmcnewdelhi.imd.gov.in/).  
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Methodology 

The WRF model version 4.1 with a single domain 
at 9 km horizontal resolution is used in this study. The 
model is run using the initial conditions at 0000 UTC 
of 16 May 2021 for 120 hours (from 0000 UTC 16 
May to 0000 UTC 21 May 2021) to obtain the 
forecasts tracks and landfall position of SuC Amphan. 
Model simulated and some derived meteorological 
parameters like surface wind, vertical profile of 
temperature and relative humidity, precipitation 
pattern, low level vorticity are investigated to study 
the structure and intensity. In addition, prediction of 
landfall time and location of SuC are also 
investigated.  

Mean Error and Standard Deviation of position 
error are calculated to understand the accuracy of the 
model track.  

RESULTS AND DISCUSSION 

Surface Wind Field 

Wind is one of the important features associated 
with a cyclone and accurate forecasting of wind help 
to minimize the damage to lives and properties.  

 
Figure 2: Model Simulated 10m Height Wind Flow Valid 
for 0000 UTC of (a) 16 May 2020, (b) 17 May 2020, (c) 18 
May 2020, (d) 19 May 2020, (e) 20 May 2020 and (f) 21 
May 2020 

Figure 2 shows the model simulated 10m height 
wind flow pattern valid for 0000 UTC of 16-21 May 
2020 based on initial condition at 0000 UTC 16 May 
2020. A well-organized cyclonic circulation with 
strong winds encircling the centre was found 
prominent in the in the model simulate 10m height 
wind fields. The maximum wind speed captured by 
the model was about 243 kmph, which was very near 
to the observed value that was 241 kmph. 

Maximum surface wind (MSW in kmph) and Mean 
sea level pressure (MSLP in hPa) are the most important 
parameters characterizing the intensity of TCs. It 
directly affects the areas with its devastating actions. 
Besides, the storm surges are generated by the 
combined effect of pressure drop of the cyclone and the 
frictional force of the winds on the water of the sea 
surface. The space-based satellite technology is doing a 
great job in filling this gap of observation with estimates 
of MSW and other important parameters quite 
accurately. The intensity of Suc Amphan is analyzed 
from the time series of the observed, and 120 hours 
model simulates MSLP and MSW initialized at 
0000UTC 16 May 2020, shown in Figure 3. The model 
simulated the central sea level pressure reasonably well. 
The predicted track of the tropical cyclone was drawn 
based on the model derived pressure chart and 
compared with the observed one. Also, the model 
simulated MSLP was more or less similar in pattern but 
it fairly underestimates the observed one. The lowest sea 
level pressure in model simulation (905 hPa) was 
observed at 1800 UTC of 18 May 2020, which is very 
close to the observation (920 hPa). The observed central 
pressure exhibits a sharp fall of the pressure since 17 
May, 2020 indicating rapid development of Amphan, 
while the model shows rather a flattened pressure drop. 
Figure 3(b) shows the model simulated MSW speed 
overestimates the observed wind speed in most of the 
days. According to the figure, the model estimated 
maximum wind at 243 kph, whereas the observed 
maximum wind was closer to 241 kph. Therefore, the 
model can predict MSLP and MSW reasonably well 
throughout the 120 hours forecast duration.  

 
Figure 3: Time Series of Model Simulates and Observed 
(a) Mean Sea Level Pressure (mslp) and (b) Maximum 
Surface Winds (kmph) 
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As per model simulation, the SuC Amphan 
upgraded to category 5 equivalent cyclones i.e., Super 
Cyclone valid at 12:00 UTC of 18 May 2020. 

The model simulated lowest central pressure and 
highest maximum sustained wind were 905 hPa and 
243 kph at 12:00 UTC of 18 May 2020 which were 
920 hPa and 241 kph as observed. 

Vertical Profile of Temperature  

Temperature over both the Bay and land is an 
important parameter to develop and maintain the 
cyclonic activities. Figure 4 shows the model 
simulated vertical profile of temperature anomaly 
along latitude passing through the cyclone centre valid 
for 0000 UTC of (a) 16 May 2020, (b) 17 May 2020, 
(c) 18 May 2020, (d) 19 May 2020, (e) 20 May 2020. 
According to the Figure 4, the warm core of tropical 
cyclone has already started to develop on 16 May 
2020. On 17 May 2020, this core of positive anomaly 
of temperature has further intensified in the form of a 
vertical tower reaching above 100 mb level with a bell 
shape at the top. On 18 May the worm core intensified 
further, and the radius of the core widened, and 
temperature anomaly of 5oC was reached at 700-
100mb. It is to mention that Amphan reached its 
maximum development with MSW of 243 kph at this 
time. The warming of the cyclone core is caused by 
latent heat released through condensation from strong 
convections in the cyclone. Hence, the warming core 
is an indicator of the intensity of the tropical cyclone. 
The warm core is extended laterally to distribute its 
energy away from the cyclone, which might be an 
indicator for its weakening.   

 
Figure 4: Mode Simulated Vertical Profile of Temperature 
Anomaly Valid at 0000 UTC (a) 16 May 2020, (b) 17 May 
2020, (c) 18 May 2020, (d) 19 May 2020 and (e) 20 May 
2020 

Vertical Profile of Relative Humidity 

Model simulated vertical profile of relative 
humidity along latitude and across the longitudes 80-
100  E passing through the cyclone centre valid for 
0000 UTC of (a) 16 May 2020, (b) 17 May 2020, (c) 
18 May 2020, (d) 19 May 2020, and (e) 20 May 2020 
is shown in Figure 5. It is found that the high value of 
relative humidity was observed along a narrow 
vertical zone, which extends up to 300 mb level of the 
atmosphere. A zone of very high humidity of the order 
of 90-100% was observed over vertically extended 
narrow column from the boundary layer up to 300 mb 
level.  

Precipitation Pattern  

The spatial distribution of model simulated 24-hrs 
accumulated rainfall of (a) 16 May 2020, (b) 17 May 
2020, (c) 18 May 2020, (d) 19 May 2020, (e) 20 May 
2020 and (f) 21 May 2020 is shown in Figure 6. The 
24-hrs accumulated rainfall of each day is calculated 
for the duration from 0000 UTC of that day to 0000 
UTC of following day. The figure depicts that the 
heavy rainfall was concentrated around the centre (red 
areas) of SuC Amphan. The typical spiral shapes are 
also maintained in the field of 24-hour rainfall. The 
red zone of heavy rainfall was found to follow the 
track during the landfall time. The rain band is found 
to narrow down further after the landfall [Figure 6 
(f)].                    

 
Figure 5: Model Simulated Vertical Profile of Relative 
Humidity Valid for 0000 UTC of (a) 16 May 2020, (b) 17 
May 2020, (c) 18 May 2020, (d) 19 May 2020, and (e) 20 
May 2020 
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Figure 6: Model Simulated 24-hrs Accumulated Rainfall of 
(a) 16 May 2020, (b) 17 May 2020, (c) 18 May 2020, (d) 19 
May 2020, (e) 20 May 2020 and (f) 21 May 2020 

Low Level Vorticity 

Low level relative vorticity is another important 
parameter for understanding dynamics of the tropical 
cyclones. Figure 7 shows the model simulated low 
level vorticity valid for 0000 UTC 16 – 21 May of 
2020. The figure exhibits that the SuC Amphan had 
very strong low-level vorticity at all stages including 
formation and dissipation.  

The model simulated highest vorticity was 
260x10-5s-1 at the core. The core area of high vorticity 
was found to expand with the increase of the intensity 
(red areas). The spiral banding characteristics around 
the core areas are clearly represented in the 
distribution of relative vorticity field.      

 
Figure 7: Model Simulates Low Level Relative Vorticity 
(~10-5s-1) Valid for 0000 UTC of (a) 16 May 2020, (b) 17 
May 2020, (c) 18 May 2020, (d) 19 May 2020, (e) 20 May 
2020 and (f) 21 May 2020 

Track Prediction of SuC 

The model predicted 120 hours track of SuC 
Amphan along with the best track of IMD are shown 
on Figure 8. The simulated 120 hours track of SuC 
Amphan is quite close to the best track throughout its 
path till landfall. There is on initial position error of 
the simulated track, although it is followed by the 
observed track with small deviation. However, there 
are some deviations of the predicted track from the 
observed before the landfall.  

Intensity and Track Errors Prediction 

The statistical distribution of error of model 
simulated parameters like track positions, MSLP and 
MSW can be analyzed for numerical predictions. The 
Mean Error (ME) and Standard Deviation (SD) are 
computed for Track position, mean sea level pressure 
and maximum surface wind which are presented in 
Table 1. In this analysis, the errors in the model 
simulated track are calculated using best track data of 
IMD as a reference.  

 
Figure 8: Comparison of Model Simulated Forecast Track 
(based on 0000 UTC of 16 May) With the Observed Track 
of IMD Best Track 

Table 1. Mean Error (ME) and Standard Deviation (SD) of 
Model Simulated Track Position Error, MSLP and MSW of 
SuC Amphan        

Forecast 
period 
(hours) 

Track position 
error  
(km) 

Error in 
MSLP (hPa) 

Error in MSW 
(kph) 

ME SD ME SD ME SD 
120 139.6 67.3 29.3 61.2 -28.2 47.3 
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The Mean Error (ME) denotes the average of error 
at a given forecast time and the Standard Deviation 
(SD) denotes the error distribution around the mean 
error. 

The ME value for MSLP of the selected SuC is 
positive (i.e., 29.3), suggesting that the model 
underestimates the mean sea level pressure as 
compared with the observation. The ME value for 
MSW of the selected SuC Amphan is negative (i.e. -
28.2), indicating that the model overestimates the 
stronger winds as compared with observation.   

Analyzing the ME value, it is found that the 
intensity of MSLP and MSW is well simulated by the 
model.   

The ME for track position is 139.6 km at every 06 
hours interval and error in initial vortex position is 
found 39.4 km which is comparatively small. 

For better track prediction, reduction of error in 
initial position of the cyclonic vortex is necessary 
(Holland, 1984). It is clearly specified that there is a 
significant improvement in track prediction from the 
beginning due to small error in initial position. The 
movement of the SuC Amphan was faster and the 
cyclone made landfall at 7-8 hours before the actual 
landfall with 167.4 km position error. 

CONCLUSION 

Based on the results derived from model 
simulation and subsequent discussion made in the 
previous section, the following concluding remarks 
can be made: 

The model simulated maximum sustained wind 
speed overestimates the observed wind speed in most 
of the days up to 0000 of 20 May except for 18 May 
0000 to 19 May 0000 UTC, when the observed speed 
was 241 kph while model simulated wind speed was 
243 kph, the latter showing an underestimation. Model 
simulated the winds at 10m height is reasonably well. 

The model simulated sea level pressure is more or 
less similar in pattern but it is largely underestimated 
over the observed one. The lowest sea level pressure 
in model simulation (905 hPa) was observes at 1800 
UTC on 18 May which is very close to the 
observation (916 hPa). The observed central pressure 
exhibits a sharp fall of the pressure since 17 May 
indicating rapid development of the system, while the 
model shows rather a flattened pressure drop.     

From the vertical profile of relative humidity the 
high value of relative humidity was observed along a 
narrow vertical zone, which extends up to 300 mb 
level of the atmosphere. A zone of very high humidity 
of the order of 90-100% is observed over vertically 
extended narrow column from the boundary layer up 
to 300 mb level. The vertical profile of temperature 
positive anomaly has intensified in the form of 
vertical tower and reaching above 100 mb level with 
bell shape at the top. The warming of the cyclone core 
is caused by latent heat released through 
condensations from strong convections in the cyclone. 
The warming core of the cyclone is an indicator of the 
SuC Amphan. The warm core is extended laterally to 
distribute its energy away from the cyclone, which 
might be an indicator for its weakening. 

The prediction of heavy rainfall was concentrated 
around the centre of SuC Amphan. The typical spiral 
shapes are also maintained in the field of 24 hours 
rainfall. The heavy rainfall was found to follow the 
track during the landfall time. The rain band was 
found to narrow down further after the landfall. 

As observed from the above experiment, the low 
level vorticity simulated well by the model and hence 
could predict the track well. The core area of high 
vorticity was found to expand with the increase of the 
intensity.  

The model simulated 120 hours forecast has better 
predicted the intensity of the SuC Amphan in respect of 
both MSLP and MSW. It is also shown that, the 
landfall points of SuC Amphan are very close to the 
observed. However, there are some small deviations of 
the predicted track from observed before the landfall.  
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