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Very Severe Cyclonic Storm óVardahô over the Bay of Bengal 

(06-13 December 2016) 

 

1. Introduction 

A low pressure area developed over south Andaman Sea & adjoining Sumatra in 
the morning of 4th December. It lay as a well marked low pressure area in the night of 5th 
over south Andaman Sea and adjoining southeast Bay of Bengal (BoB). Moving 
westwards, it concentrated into a depression (D) over southeast BOB in the afternoon of 
6th December. Moving northwestwards initially and northwards thereafter, it intensified 
into a deep depression (DD) in the midnight of 7th December, into a cyclonic storm (CS) 
ñVARDAHò in the morning of 8th and into a severe cyclonic storm (SCS) in the midnight of 
9th. It then moved west-northwestwards and intensified further into a very severe cyclonic 
storm (VSCS) over westcentral and adjoining south BOB in the evening of 10th 
December. It then moved nearly westwards and reached its peak intensity of about 130 
kmph on 11th December evening and maintained the same intensity till noon of 12th 
December. It weakened into an SCS at the time of landfall and crossed north Tamil Nadu 
coast near Chennai during 1500-1700 hrs IST of 12th December 2016 with a wind speed 
of 110 kmph gusting to 125 kmph. After the landfall, the SCS moved west-
southwestwards and weakened into a CS in the evening, into a DD in the midnight of 12th 
and into D in the early morning of 13th. Continuing its west-southwestwards movement, it 
weakened into a weIl marked low pressure area in the forenoon of 13th December. 
 

 The observed track of the VSCS Vardah is shown in Fig.1. The salient features of 

the system are as follows. 

(i)  It was the first severe cyclonic storm of the year 2016.  

(ii) Vardah was the fourth consecutive cyclone with recurving track after cyclones 

Roanu, Kyant and Nada during the year, as it changed its track from initial 

northwards movement to west-northwestwards and then west-southwestwards 

after landfall. 

(iii) Unlike the previous two cyclones in the post-monsoon season, it crossed the coast 

with the cyclone intensity. 

(iv) The peak maximum sustained wind speed of the cyclone was 130 kmph gusting to 

145 kmph over westcentral BOB. However, the maximum sustained wind speed of 

the cyclone was 110 kmph gusting to 125 kmph at the time of landfall. 

(v) The life period of cyclone was 159 hours (6.6 days) against the normal of 4.7 days 

over north Indian Ocean during post-monsoon season for VSCS category.  

(vi) The track length of the cyclone was 1795 km. 

(vii) The 12 hour average translational speed of the cyclone was 5.2 kmph against 

normal of 13 kmph over BOB for post-monsoon season. However, prior to landfall, 

the cyclone moved with a speed of about 15-20 kmph.  
(viii) Lowest estimated central pressure (ECP) was 975.0 hPa with a pressure drop of 

26 hPa. 

(ix) The Accumulated Cyclone Energy (ACE) which is a measure of damage potential 

was about 5.99 X 104 knot2. 
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(x) The Power Dissipation Index which is a measure of loss due to a CS was 3.61 X 

106 knot3. 

(xi) There was rapid weakening of the system from 0600 to 1800 UTC of 12th Dec as 

the maximum sustained wind speed decreased from 70 knots to 30 knots during 

this period. 

(xii) During genesis stage cyclone Vardah caused heavy to very heavy rainfall over 

Andaman & Nicobar Islands and squally wind speed reaching 50-60 kmph 

prevailed along and off Andaman & Nicobar Islands.  

(xiii) It caused heavy to very heavy rainfall at many places with isolated extremely 

heavy rainfall over Chennai, Thiruvallur, Kanchipuram districts of Tamil Nadu and 

heavy to very heavy rainfall at a few places over Nellore district of Andhra Pradesh 

The maximum gale wind of about 100-110 kmph gusting to 125 kmph has been 

reported in these districts. 

(xiv) The maximum storm surge of about 1 meter inundated low lying areas of Chennai, 

Thiruvallur districts of Tamil Nadu and Nellore district of Andhra Pradesh at the 

time of landfall. 

 

Brief life history, characteristic features and associated weather along with 

performance of NWP and operational forecast of IMD are presented and discussed in 

following sections. 

 

2. Monitoring of VSCS,ôVardahô 

 The cyclone was monitored & predicted continuously since its inception by 

IMD. The observed track of the cyclone over BoB during 06-13 December is presented in 

Fig.1. The best track parameters of the systems are presented in Table 1.  

The cyclone was monitored & predicted continuously by India Meteorological 
Department (IMD) since its inception over south Andaman Sea on 6th December. At the 
genesis stage, the system was monitored mainly with satellite observations and buoy 
observations. From 12th December morning, the system was continuously monitored by 
Doppler Weather Radar at Chennai and Machilipatnam. Various national and 
international NWP models and dynamical-statistical models were utilized to predict the 
genesis, track and intensity of the cyclone. Tropical Cyclone Module, the digitized 
forecasting system of IMD was utilized for analysis and comparison of various models 
guidance, decision making process and warning product generation. IMD issued regular 
bulletins to WMO/ESCAP Panel member countries, National & State Disaster 
Management Agencies, general public and media since inception of the system over 
BOB. 
 

3. Brief life history 

3.1. Genesis  

 Under the influence of an upper air cyclonic circulation over northern parts of 
Sumatra & adjoining south Andaman Sea, a low pressure area formed over south 
Andaman Sea & adjoining Sumatra extending upto mid-tropospheric levels at 0300 UTC 
of 4th December. Moving west-northwestwards, it lay as a well marked low pressure area 
in the night of 5th over south Andaman Sea and adjoining southeast BoB. At 0900 UTC of 
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6th, the sea surface temperature (SST) was around 28-29ęC. The Ocean heat content 
was about 100-120 KJ/cm2 over the well marked low pressure area. The low level 
convergence was about 20x10-5 second-1, the upper level divergence was around 30x10-5 

second-1 and the low level relative vorticity was about 100x10-6 second-1 to the southwest 
of the system. The vertical wind shear of horizontal wind was moderate (5-15 knots) 
around the system centre and was increasing towards northwest and westcentral BoB. 
The Madden Julian Oscillation (MJO) index was in phase 2 with amplitude <1. The upper 
tropospheric ridge lay along 130N and east-southeasterly winds prevailed over the region 
of low pressure area in middle and upper tropospheric levels. Under these favourable 
environmental conditions, the well marked low pressure area over southeast BoB and 
adjoining south Andaman Sea moved west-northwestwards and concentrated into a 
depression (D) and lay centred at 0900 UTC of 6th over southeast BoB near latitude 
8.5ºN and longitude 91.0ºE. 
 
3.2. Intensification  

At 1800 UTC of 7th, SST was around 28-29ęC, the ocean heat content was about 
70-80 KJ/cm2 over the depression. The low level convergence was about 20x10-5 second-

1 to the east-northeast of the system centre, the upper level divergence was around 
40x10-5 second-1 to the northeast and the low level relative vorticity was about 150x10-6 

second-1 to the southeast of the system centre. The vertical wind shear of horizontal wind 
was moderate (10-20 knots) around the system centre and was increasing towards 
northwest and westcentral BoB. The MJO index lay in phase 2 with amplitude 1. Under 
these favourable environmental conditions, the system moved northwestwards initially & 
then northwards and concentrated into a deep depression (DD) at 1800 UTC of 7th over 
southeast BoB near latitude 10.8ºN and longitude 90.5ºE. At 0000 UTC of 8th, similar 
conditions prevailed and moving northwards, the system intensified into a cyclonic storm 
(CS) over southeast BoB near latitude 11.2ºN and longitude 90.5ºE. At 0000 UTC of 9th, 
similar thermal conditions prevailed. The low level convergence was about 20x10-5 

second-1 to the east-northeast of the system centre, the upper level divergence was 
around 10x10-5 second-1 around the system centre and the low level relative vorticity  
increased to about 250x10-6 second-1 to the southeast of the system centre. The vertical 
wind shear of horizontal wind was high (20-25 knots) around the system centre. The MJO 
index lay in phase 2 with amplitude 1. Under these environmental parameters, the 
system moved nearly northwards, intensified gradually and lay over southeast BoB near 
latitude 12.1ºN and longitude 90.4ºE. At 1800 UTC of 9th, the SST was around 28-29ęC, 
the ocean heat content was about 70-80 KJ/cm2 over the system. The low level 
convergence was about 50x10-5 second-1 at  system centre, the upper level divergence 
was around 30x10-5 second-1 to west of the system centre and the low level relative 
vorticity was about 250x10-6 second-1 to the south of the system centre. The vertical wind 
shear of horizontal wind was high (20-25 knots) around the system centre. The MJO 
index lay in phase 2 with amplitude less than 1. Under these favourable environmental 
parameters, CS Vardah moved west-northwestwards and intensified into a severe 
cyclonic storm (SCS) over southeast BoB near latitude 12.3ºN and longitude 89.6ºE. At 
1200 UTC of 10th, similar thermodynamical and large scale environmental conditions 
prevailed and the system moving west-northwestwards, concentrated into a very severe 
cyclonic storm (VSCS) and lay centered over westcentral and adjoining south BoB near 
latitude 13.2ºN and longitude 86.4ºE. At 0000 UTC of 11th, the low level convergence 
was about 40x10-5 second-1 to the southwest of the system centre, the upper level 
divergence was around 30x10-5 second-1 to southwest of the system centre. the low level 
relative vorticity was about 250x10-6 second-1 to the south-southwest of the system 
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centre. The vertical wind shear of horizontal wind was high (20-25 knots) around the 
system centre. The system intensified slightly and lay centered over westcentral and 
adjoining southwest BoB near latitude 13.3ºN and longitude 84.7ºE. The system 
continued its near westward journey, and at 0900 UTC of 12th, weakened slightly due to 
land interactions, lower SST about 26ęC, lower Ocean thermal energy less than 50 
KJ/cm2 and high vertical wind shear (20-25 knots) over westcentral & adjoining southwest 
BoB. Moving westwards, the system crossed north Tamil Nadu coast close to Chennai 
near 13.130N/80.30E during 0930-1130 UTC of 12th. Moving west-southwestwards, the 
system weakened into a CS over north Tamil Nadu near latitude 12.9ºN and longitude 
79.5ºE at 1500 UTC of 12th, into a DD over north interior Tamil Nadu near latitude 12.7ºN 
and longitude 79.1ºE at 1800 UTC of 12th. It further weakened into a depression over 
north interior Tamil Nadu near   at 0000 UTC of 13th and into a well marked low pressure 
area at 0300 UTC of 13th over north interior Tamil Nadu and adjoining south interior 
Karnataka. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Observed track of VSCS,ôVardahô over BoB during 06-13 December 2016 
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Table 1: Best track positions and other parameters of the Very Severe Cyclonic 
Storm, óVardahô over the Bay of Bengal during 06-13 December, 2016 

Date 
 

Time 
(UTC) 

Centre 
lat.0 N/ 
long. 0 E 

C.I. 
NO. 

Estimate
d Central 
Pressure 
(hPa) 

Estimated 
Maximum 
Sustained 
Surface Wind 
(kt) 

Estimated 
Pressure 
drop at the 
Centre (hPa) 

Grade 

06/12/2016 

0900  8.5/91.0 1.5 1002 25 3 D 

1200  8.5/90.5 1.5 1002 25 3 D 

1800  9.5/90.5 1.5 1002 25 3 D 

07/12/2016 

0000  9.8/90.5 1.5 1002 25 4 D 

0300  9.8/90.5 1.5 1002 25 4 D 

0600  9.8/90.5 1.5 1002 25 4 D 

1200 10.0/90.5 1.5 1002 25 4 D 

1800 10.8/90.5 2.0 1000 30 5 DD 

08/12/2016 

0000 11.2/90.5 2.5 998 35 6 CS 

0300 11.5/90.5 2.5 998 35 7 CS 

0600 11.5/90.5 2.5 998 35 7 CS 

0900 11.5/90.5 2.5 998 35 7 CS 

1200 11.7/90.5 2.5 997 40 8 CS 

1500 11.7/90.5 2.5 997 40 8 CS 

1800 11.8/90.5 2.5 997 40 8 CS 

2100 12.0/90.5 2.5 997 40 8 CS 

09/12/2016 

0000 12.0/90.4 3.0 996 45 10 CS 

0300 12.1/90.4 3.0 996 45 10 CS 

0600 12.1/90.3 3.0 996 45 10 CS 

0900 12.2/90.3 3.0 996 45 10 CS 

1200 12.2/90.0 3.0 996 45 10 CS 

1500 12.2/89.9 3.0 994 45 12 CS 

1800 12.3/89.6 3.0 992 50 14 SCS 

2100 12.5/89.0 3.5 990 55 16 SCS 

1012/2016 

0000 12.6/88.4 3.5 990 55 16 SCS 

0300 12.7/88.0 3.5 990 55 16 SCS 

0600 13.0/87.4 3.5 990 55 16 SCS 

0900 13.1/86.8 3.5 988 60 18 SCS 

1200 13.2/86.4 4.0 984 65 22 VSCS 

1500 13.3/85.9 4.0 984 65 22 VSCS 

1800 13.3/85.3 4.0 984 65 22 VSCS 

2100 13.3/85.0 4.0 982 65 22 VSCS 

11/12/2016 

0000 13.3/84.7 4.0 980 70 24 VSCS 

0300 13.1/84.3 4.0 980 70 24 VSCS 

0600 13.1/83.7 4.0 980 70 24 VSCS 

0900 13.1/83.3 4.0 980 70 24 VSCS 

1200 13.3/83.0 4.0 980 70 24 VSCS 

1500 13.3/82.5 4.0 980 70 24 VSCS 

1800 13.1/82.3 4.0 980 70 24 VSCS 

2100 13.2/81.9 4.0 978 70 26 VSCS 
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The total precipitable water imageries (TPW) during 06th to 13th December are 

presented in Fig.2. These imageries indicate gradual incursion of cold, dry air from 

northwest into the system cutting off supply of cross equatorial moist air into the system 

on 12th completely. It led to rapid weakening of the system after landfall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Total Precipitable Water Imageries during 6th ï 13th December, 2016 

12/12/2016 

0000 13.2/81.6 4.0 975 70 26 VSCS 

0300 13.2/81.2 4.0 975 70 26 VSCS 

0600 13.2/80.7 4.0 975 70 26 VSCS 

0900 13.1/80.3 3.5 975 60 26 SCS 

Crossed North Tamil Nadu coast close to Chennai near 13.130N/80.30E 
during 0930-1130 UTC  

1200 13.0/79.9 3.5 984 50 18 SCS 

1500 12.9/79.5 3.0 994 40 10 CS 

1800 12.7/79.1 2.0 1002 30 5 DD 

13/12/2016 0000 12.5/78.0 1.5 1003 20 3 D 

13/12/2016 0300 
Well Marked Low Pressure Area over north interior Tamil Nadu and 
south Interior Karnataka 

11/0109 UTC 12/0137 UTC 12/0137 UTC 12/1044 UTC 

07/1334 UTC 07/1950 UTC 08/0128 UTC 

09/0055 UTC 09/1933 UTC 10/1322 UTC 

11/0109 UTC 12/0137 UTC 12/1044 UTC 
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3.3 Movement  

VSCS Vardah moved initially northwestwards and then northwards till midnight of 8th 

December. It then recurved and moved west-northwestwards till 0900 UTC of 12th and 

west-southwestwards after landfall close to Chennai coast. The six hourly movement of 

VSCS Vardah is presented in Fig.3. The system had a track length of about 1795 km 

during its life period. 

 The wind speed in middle and deep layer around the system centre is presented 

in Fig.4. It indicates that from 18th onwards, the middle to upper level steering flow was 

supporting the above direction and speed of movement. The west-southwesterly 

movement after the landfall was in association with an anti-cyclonic circulation lying to 

the northwest of the system centre. The initial slow northerly movement of the system 

was in association with the upper tropospheric ridge which lay very close to the north of 

the system centre. 

 Under the influence of middle and upper tropospheric trough, the wind shear 

around the system between 200 and 850 hPa levels also increased rapidly on 20th and 

21st. As the wind shear was east-southeasterly, the convective cloud mass was sheared 

towards west-northwestwards of the system centre till 20th.  

  

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Twelve hourly average translational speed (kmph) and direction of movement 

in association with VSCS Vardah  
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Fig.4 Wind shear and wind speed in the middle and deep layer around the system 

during 06th to 13th December 2016. 



Page 10 of 67 

 

3.4  Landfall point and time 

The plot of hourly observations is presented in Fig.5 during 0600-1200 UTC of 12th 

December. Veering of winds over NBK from northwesterly (0900 UTC) to southeasterly 

(1100 UTC) with calm winds at 1000 UTC indicating that the system has passed over 

NBK at 1000 UTC of 12th. Light winds over MBK at 1100 UTC and backing of winds from 

southwesterly at 1000 UTC to southeasterly at 1200 UTC suggest that the system 

passed over MBK at 1100 UTC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: Hourly synoptic observations during 0600 -1200 UTC of 12th December, 2016 
 

3.5. Maximum Sustained Surface Wind speed and estimated central pressure:  

The lowest estimated central pressure and the maximum sustained wind speed are 

presented in Fig.6. The lowest estimated central pressure had been 976 hPa. The 

reported lowest mean sea level pressure has been 975.6 hPa recorded over Chennai at 

the time of landfall. The estimated maximum sustained surface wind speed (MSW) was 

70 knots during 0000 UTC of 11th to 0600 UTC of 12th December. At the time of landfall, 

the ECP was 976 hPa and MSW was 60 knots (severe cyclonic storm). The ECP and 

Vmax graph indicate that the system intensified gradually till 0000 UTC of 11th, 

maintained its intensity till 0600 UTC of 12th and started weakening rapidly after landfall. 

There was rapid weakening of the system from 0600 to 1800 UTC of 12th Dec as the 

maximum sustained wind speed decreased from 70 knots to 30 knots during this period. 

 The hourly MSLP as recorded by Nungambakkam (NBK) (Chennai city) and 

Meenambakkam (MBK) (Chennai airport) is shown in Fig.7(a) which clearly indicates that 

the pressure fell gradually from 11th onwards. The minimum MSLP of 975 hPa and 975.6 

hPa was recorded at NBK and MBK respectively at 1000 UTC. The lowest MSLP of 

975.0 and 974.0 hPa has been recorded by the barograph at NBK and MBK respectively. 

At that time, the outermost pressure was 1002 hPa. Hence the pressure drop was 26-28 

hPa at different stations in Chennai. Considering other stations surrounding Chennai, as 
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shown in Table 2, it is found that the lowest MSLP of 974.0 hPa was recorded over 

Chennai Airport at 1030 UTC. It indicates the cyclone Vardah crossed Tamil Nadu coast 

near Chennai around 1030 UTC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Lowest estimated central pressure and the maximum sustained wind speed  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7(a): Barograph recordings at NBK and MBK on 12th December 2016 

 

3.6. MSW based on pressure wind relationship:   

The pressure drop at the centre was 28 hPa with lowest MSLP of 974 hPa over Chennai 

Airport (MBK) and the outermost pressure in the cyclone was 1002hPa. According to 

Mishra and Gupta formula, the MSW=14.2*SQRT (pressure drop) = 14.2*SQRT (28) = 

75 knots. (139 kmph) 
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Table 2. Observational data recorded by manned observatories and AWS 
 

Station/(lat./long.) Lowest MSLP 

(hPa) and 

time of 

occurrence 

(UTC) 

Wind Speed 

(kts/kmph) and time 

of occurrence (UTC) 

Wind Direction 

(degree) and time 

of occurrence 

(UTC) 

*Chennai (NBK)/ 

(13.1N/80.2E) (Manned) 

975.0  

at 1000 UTC 

30 kts (56 kmph) 

at 0900 UTC 

315 

*Chennai (MBK)/ 

(12.98N/80.18E) 

(Manned) 

975.6  

at 1000 UTC 

50kts (93 kmph) 

at 0900 UTC 

270 

*Chennai (NBK)/ 

(13.1N/80.2E) (AWS) 

977 

at 1000 UTC 

11kts (20 kmph) 

at 0800 UTC 

340 

*Ennore Port/ 

(13.2N/80.3E) (AWS) 

979.1 

at 0900 UTC 

48kts (89 kmph) 

at 0900 UTC 

10 

*Madhavaram Agro/ 

(13.2N/80.2E) (AWS) 

977.3 

at 1000 UTC 

25kts (46 kmph) 

at 0800 UTC 

350 

*MBK-ISRO/ 

(13.0N/80.2E) (AWS) 

978 

at 1000 UTC 

13kts (24 kmph) 

at 0700 UTC 

200 

**Chennai (NBK)/ 

(13.1N/80.2E) 

(Barograph) 

975.0 

at 1000 UTC 

61 kts (114 kmph) 

at 0710 UTC 

330 

**Chennai (MBK)/ 

(12.98N/80.18E) 

(Barograph) 

974.0 

at 1030 UTC 

65 kts 122 kmph 

during  0815-0820 

UTC 

315 

*-3-minute average MSW, **-Instantaneous wind 

 

 

 

 

 

 

 

 

 

 

Fig.7(b): Anemograph recordings at NBK and MBK. 

 

3.7. MSW over Chennai as measured by HWSR: 

According to HWSR located at the ACWC, IMD, Chennai, one -minute average 

MSW was about 57.7 knots (107kmph) at 0800 UTC (1330 hours IST) (Fig.8). 



Page 13 of 67 

 

 

Fig.8: Wind speed recorded by HWSR Chennai on 12 October 2016 

3.8 MSW based on observation by the DIWE, AWS and manned observatories:  

From Table 2, the 3 minute maximum sustained surface wind of 50 knots has been 

reported by NBK followed by 48 knots by Ennore port. The Ennore port lies to the north 

of NBK at about 15 km. Hence it lay over the maximum wind region wnen the cyclone 

was crossing Chennai city. The maximum wnd in gustiness has been reported as 122 

kmph over MBK followed by 114 kmph over NBK. The distance Indicator of Wind 

Equipment (DIWE) at NBK reported MSW of 87.6 knots at 0820 UTC (1350 IST) of 12th 

December. However, there is tunneling effect in the Chennai airport leading to this higher 

wind speed. ISRO, Sriharikota wind measuring tower reported 99 kmph winds in 

gustiness at 0900 UTC.  

Considering the fact that, the VSCS, Vardah crossed coast over Chennai and moved 

west-southwestwards recording lowest MSLP over NBK at 1000 UTC and over MBK at 

1030 UTC and MBK lies to the southwest of NBK, the concurrent MSW at 1000 and 1030 

UTC of 12th Dec. over NBK and MBK has been examined and is presented in Table 3. 

 

Table 3: Concurrent wind data during 1000 to 1030 UTC on 12th December 

S. N. Source Time (UTC) Minimum MSLP 
(hPa) 

1. Barograph (NBK)  1000 UTC (1530 IST) 975 

2. Barograph (MBK)  1030 UTC (1600 IST) 974 

S. N. Concurrent wind  1000 UTC (1530 IST) 1030 UTC (1600 IST) 

1. Manual ( NBK)  Calm  --- 

2. Manual (MBK)  30 kt --- 
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3. Anemograph(NBK)  4 kmph (2 kt) /Ely 10 kmph / Ely 

4. Anemograph(MBK)  68 kmph (36.7 kt) / NWly 4 kmph / NNWly 

5. HWSR (NBK)  14.4 kt / NWly 
(Peak: 26.5 kt, NWly) 

14.9 kt / NWly  (Peak: 
27.5 kt, WNWly) 

6. AWS (NBK)  11 kt / NWly --- 

7. AWS (Ennore Port)  37 kt / NEly --- 

8. Radar wind (surface)  28.8 m/s (55.8 kt) --- 

9.  Runway-12 DWI  40.8 kt / NWly 6.5 kt / NNWly 

10. Runway-25 DWI Not recorded due to power failure 

11. Tambaram  IAF 45 kt / W ly --- 

 

3.10. MSW over Chennai based on radar:  

The hourly radar observations from DWR Chennai are presented in Table 4.  

As per Radar observations, maximum radial velocity of 51 m/s was recorded at 0500 

UTC of 12th December in the direction of 1030 at a distance of 67 km at a height of 493 m 

above station level. As per the standard procedure the radial velocity has been converted 

to surface wind. Utilizing the mean wind speed profile, based on dropsonde observations 

over Atlantic Ocean in the eyewall region of cyclones, radar based radial wind 

observations at a given height has been converted initially into wind at 700 hPa level and 

then at surafce level. The wind is first converted to 700 hPa level as the WC-130J flies at 

this level and dropsonde is released into the cyclone field from this level. A suitable 

conversion factor for changing the radar wind at a given height to the 700 hPa level has 

been used based on Franklin etal, 2000 and Powel & Black (1990). 

 

Table 4: DWR Chennai observations on 12th December  

Date/Time 
(UTC) 

Radial 
Velocit
y (m/s) 

Azimut
h (deg) 

Rang
e 
(deg) 

Heigh
t (km) 

Conversio
n Factor  

W700 

(m/s) 
W10m  

W700x 
0.73) 

(m/s)(kt
) 
 
 
@1 

W10m  

(Outer 
Vortex) 
W700x0.
78) 

(m/s) 
(kts) 
@2 

W10m  

(Eye Wall) 
W700x0.91) 

(m/s) 
(kts) 
@3 

Remark
s 

12/0300 49.0 100.5 104.8 0.15 1.13 43.6 33.8 
(65) 

34.0 
(66.) 

39.7  
(77.0) 

- 

12/0400 48.0 56.2 88.3 0.05 1.05 45.71 35.66 
(70) 

35.7 
(69.2) 

41.6  
(80.7) 

- 

12/0500 51.0 103.5 67.3 0.493 1.21 42.15 32.88 
(65) 

32.9 
(63.8) 

38.4 
(74.4) 

- 

12/0530 48.5 37.3 44.2 0.32 1.20 36.9 28.81 
(60) 

28.8 
(55.8) 

33.6 
(65.1) 

- 

12/0650 37.67 8.5 40.0 0.0 - - - -  Errone
ous 
due to 
ground 
clutters 

12/0800 42.47 8.6 28.2 0.2 1.15 36.9 28.80 
(60) 

28.8 
(55.8) 

33.6 
(65.1) 

- 

12/0900 22.9 234 22.8 0.16 1.13 20.27 15.81 15.8 18.4 Not 
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@1: Powell and Black estimate (1990), @2: Franklin et al estimate (for winds in outer 
vortex) and @3: Franklin et al estimate (for winds in eye wall region) 
 

3.10. Satellite based MSW over Chennai: 

According to interpretation of satellite imageries, as per Dvorak technique by the 

IMD, the tropical cyclone intensity was T 4.0 on intensity scale. T4.0 corresponds to an 

MSW of about 65 knots (122 kmph). According to NOAA satellite estimates, the T 

number was 4.5 at 0230 UTC and 0830 UTC of 12th December, which was less than that 

estimated at 2030 UTC of 11th December (T5.0). It thus indicated the weakening trend of 

the cyclone while moving towards land on 12th December. 

 

3.11.Best estimated wind speed at the time of landfall 

Comprehensive analysis of all the observations is presented in Table 5. Considering all 

the inputs available based on surface synoptic observations, AWS, HWSR of IMD, wind 

profiler of SHAR, Sriharikota, Radar observations from DWR Chennai and satellite based 

observations, it is seen that the landfall occurred near Chennai city (NBK) and hence the 

MSW observed near the coast i.e. near NBK has been taken into consideration to 

estimate the intensity at the time of landfall. MBK which lies about 15 km to the 

southwest of NBK experienced the centre of the cyclone with lowest MSLP at 1030 UTC 

as compared to lowest pressure recorded at 1000 UTC by NBK. It is due to the fact that 

the cyclone moved west-southwest after landfall. Thus considering the MSW recorded 

over NBK and adjoining areas along the coast, MSW of 61 kts has been recorded over 

NBK (Table 3). HWSR Chennai reported MSW of 57.7 kts. 

Considering the Radar observations taken at different heights, the MSW of 55-65 

kts are estimated to be at the surface level based on various conversion factors utilised 

to convert the wind from a certain height to surface level (10m) (Table 3 & 4). 

According to Mishra and Gupta formula, with lowest pressure of 974.0 hPa, the 

estimated MSW is found to be 75 kts which is not in agreement with actual observations 

of MSW. Hence this estimate has not been taken into consideration.  

The observation from DIWE at MBK has not been considered as there is 

increased mean wind speed due to tunneling effect in the airport. Further, after the 

landfall there can be location specific modifications/ changes in the MSW due to variation 

in land use.  

(30) (30.7) (35.8) accepta
ble as 
point is 
over 
land 

12/1000 28.8 230.6 30.3 0.0 - - - -  Errone
ous 
due to 
ground 
clutters 

12/1100 29.9 187.1 26.6 0.19 1.15 26.0 20.3 
(40) 

20.3 
(39.3) 

39.3 
(45.9) 

- 
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Considering all these observations and estimates, it has been concluded 

that the MSW associated with VSCS Vardah at the time of landfall was 60 kts. 

Table 5: Analysis of all observations on 12th December 

Station/(lat./long.) Lowest MSLP 

(hPa) and time of 

occurrence (UTC) 

Wind Speed (kts/kmph) and time 

of occurrence (UTC) 

*Chennai (NBK)/ (13.1N/80.2E) 

(Manned) 

975.0  

at 1000 UTC 

30 kts (56 kmph) 

at 0900 UTC 

*Chennai (MBK)/ (12.98N/80.18E) 

(Manned) 

975.6  

at 1000 UTC 

50kts (93 kmph) 

at 0900 UTC 

*Chennai (NBK)/ (13.1N/80.2E) 

(AWS) 

977 

at 1000 UTC 

11kts (20 kmph) 

at 0800 UTC 

*Ennore Port/ (13.2N/80.3E) 

(AWS) 

979.1 

at 0900 UTC 

48kts (89 kmph) 

at 0900 UTC 

*MBK-ISRO/ (13.0N/80.2E) (AWS) 978 

at 1000 UTC 

13kts (24 kmph) 

at 0700 UTC 

**Chennai (NBK)/ (13.1N/80.2E) 

(Barograph) 

975.0 

at 1000 UTC 

61 kts (114 kmph) 

at 0710 UTC 

**Chennai (MBK)/ 

(12.98N/80.18E) (Barograph) 

974.0 

at 1030 UTC 

65 kts (122 kmph) 

during  0815-0820 UTC 

Mishra and Gupta Formula  - 75 kts (139 kmph)  

at 0900 UTC 

HWSR, IMD Chennai - 57.7 kts (107 kph)  

at 0800 UTC 

DIWE, NBK - 87.6 kts at 0820 UTC 

ISRO SHAR wind tower - 54 kts (99 kmph) in gustiness at 

0900 UTC 

IMD, Satellite - T 4.0 at 0900 UTC(65 kts/122 

kmph) 

NOAA - T 4.5 (77 kts/143 kmph) at 0230 

UTC & 0830 UTC 

Radar (@1) - 60 kts (111 kmph) 

at 0530 UTC 

Radar (@2) 

 

- 56 kts (104 kmph) 

at 0530 UTC (in outer vortex) 

Radar (@3) 

 

- 65 kts (120 kmph) at 0530 UTC (in 

eyewall region) 

*-3-minute average MSW, **-Instantaneous wind, @1: Powell and Black estimate 

(1990), @2: Franklin et al estimate (for winds in outer vortex) and @3: Franklin et 

al estimate (for winds in eye wall region). 

 

4.  Climatological aspects  

Considering the area of genesis (+/- 20 around the genesis point), the 

cliamtological tracks of the TCs (SCS and above) during 1891-2015 are presented in 

Fig.9. It indicates that climatologically, out of 19 cyclonic disturbances (depression 

and above), about half of them moved towards Tamil Nadu/ south Andhra Pradesh 
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coast. All these system crossed Tamil Nadu coast. Those which approach Andhra 

Pradesh coast weakened over the Sea.  

 
 
Fig 9. Climatological tracks of TCs (SCS and above) forming within +/- 20 around the 

genesis point during 1891-2015  

 

5.  Features observed through satellite and Radar 

Satellite monitoring of the system was mainly done by using half hourly Kalpana-1 

and INSAT-3D imageries. Satellite imageries of international geostationary satellites 

Meteosat-7 & MTSAT and microwave & high resolution images of polar orbiting satellites 

DMSP, NOAA series, TRMM, Metops were also considered.  

 

5.1 INSAT-3D features  

 Typical INSAT-3D visible/IR imageries, enhanced colored imageries and cloud top 
brightness tempearture imageries are presented in Fig.10. Intensity estimation using 
Dvorakôs technique suggested that the system attained the intensity of T 1.5 on 0900 
UTC of 6th.  The cloud pattern was curved band type. Convection wrapped around 
western half of cyclonic circulation. Minimum Cloud Top Temperature (CTT) was minus 
85.00C. Associated broken low and medium clouds with embedded intense to very 
intense convection lay over Andaman & Nicobar Islands and adjoining Andaman Sea & 
southeast BoB. At 1800 UTC of 7th, well defined banding features were seen. Banding 
wrapped 7 on log 10 spiral. The system attained the intensity of T2.0. Minimum CTT was 
minus 92.00C. Associated broken low and medium clouds with embedded intense to very 
intense convection lay over southeast and adjoining eastcentral BoB, western parts of 
Andaman Sea & Bay Islands. At 0000 UTC of 8th, the system intensified to T2.5. 
Convection showed central dense overcast (CDO) pattern. Minimum CTT was minus 
93.00C. Associated broken low and medium clouds with embedded intense to very 
intense convection lay over southeast and adjoining eastcentral BoB, western parts of 
Andaman Sea & Bay islands. At 0000 UTC of 9th, the system attained the intensity of  T 
3.0. Convection showed CDO pattern. Minimum CTT was minus 93.00C. Associated 
broken low and medium clouds with embedded intense to very intense convection lay 
over southeast and adjoining eastcentral BoB. At 1800 UTC of 9th, the system intensified 
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to T 3.5. Convection showed CDO pattern. Minimum CTT was minus 93.00C. Associated 
broken low and medium clouds with embedded intense to very intense convection lay 
over southeast and adjoining eastcentral BoB between 9.50N & 15.00N and longitude 
86.00E & 90.00E.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10a: INSAT-3D visible imageries during life cycle of VSCS Vardah (06-13 December, 

2016) 

0900UTC of 9th  
 

0600UTC of 10th  
 

0900UTC of 7th 
 

0300UTC of 8th  
 

0300 UTC of 7th  

0600UTC of 9th  
 

0600UTC of 
12th  
 

0600UTC of 11th  
 

0900UTC of 12th  
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At 1200 UTC of 10th, the system intensified to T4.0. Convection showed curved band 
pattern with embedded CDO. Minimum CTT was minus 93.00C. Associated broken low 
and medium clouds with embedded intense to very intense convection lay over central 
BoB between 10.90N & 15.60 N and longitude 83.00E & 87.70 E. At 0000 UTC of 11th, the 
intensity of the system was T 4.0. Convection showed curved band pattern with 
embedded irregular CDO. Minimum CTT was minus 92.00C. Associated broken low and 
medium clouds with embedded intense to very intense convection lay over BoB between 
10.00N & 16.00N and longitude 80.50E & 86.00E. At 0900 UTC of 12th, intensity of the 
system was T4.0. Cloud convection showed CDO pattern. Minimum CTT was minus 
82.00C. Associated broken low and medium clouds with embedded intense to very 
intense convection lay over BoB between 11.00N & 15.00N, west of longitude 820E, south 
coastal Andhra Pradesh adjoining Rayalaseema and north coastal Tamil Nadu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10b: INSAT-3D IR imageries during life cycle of VSCS Vardah (06-13 December, 

2016) 

0900UTC of 
6th  

1800UTC of 
7th  
 

0000 UTC of 
8th  

1800UTC of 
9th  
 

1200UTC of 
10th 
 

2100UTC of 
11th 
 

0000UTC of 
13th  
 

1800UTC of 
12th  
 

1200UTC of 
12th  
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Fig. 10c: INSAT-3D enhanced colored imageries during life cycle of VSCS Vardah (06-13 

December, 2016) 
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Fig. 10d: INSAT-3D cloud top brightness temperature imageries during life cycle of VSCS 

Vardah (06-13 December, 2016) 
 
 
 
 
 
 
 

0000UTC of 8th  
 

1800UTC of 9th  
 

1200UTC of 12th  
 

1800UTC of 12th  
 

0900UTC of 6th  1800UTC of 7th  
 

1200UTC of 10th  
 

2100UTC of 11th  
 

0000UTC of 13th 



Page 22 of 67 

 

5.2 Microwave features 
F-15, F-16, F-17, GPM and GCOM-W1 microwave imageries of the VSCS Vardah 

covering its life period from 06th to 13th December 2016 are presented in Fig.11. These imageries 
helped in understanding the internal structure of the system and better estimation of location of 
the system. It could indicate the region of intense convection and hence the rainfall. It also helped 
in understanding the large scale diurnal variation of the system. 

 

 
06/1153 UTC (F17) 

 
07/0931 UTC (F16) 

 
07/2280 UTC (F16) 

 
08/0301UTC (GPM) 

 
08/2155 UTC (F16) 

 
09/0004 UTC (F16) 

 
09/2040 UTC (F15) 

 
10/0614 UTC(GCOM) 

 
10/1241 UTC (F17) 

 
10/1253 UTC (F18) 

 
10/1923 UTC (GCOM) 

 
11/0130 UTC (F18) 

 
11/1020 UTC (F16) 

 
11/2005 UTC (GCOM) 

 
12/0241 UTC (GPM) 

 
12/0858 UTC (F15) 

Fig. 11: Microwave imageries during life cycle of VSCS Vardah (06th- 13th 
December, 2016) 
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5.3. Features observed through Radar 
 

As the system was moving along the east coast, it was tracked by DWR Chennai 
and Machillipatnama Typical Radar imageries from DWR Chennai on 12th December are 
presented in Fig. 12.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12(a): Typical PPI (V) imageries during 11th & 12th December from DWR 
Chennai 

WINDSAT -06/0209 

 

SSMIS-07/1152 

 



Page 24 of 67 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 12(b): Typical MAX (dBZ) imageries during 11th & 12th December from DWR 
Chennai 


