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1. Introduction

A Cyclonic Storm (CS) NANAUKG boriginated from a low pressure area over east
central Arabian Sea which developed on 9™ June, 2014. It concentrated into a
depression over the same region in the afternoon of 10" June, 2014. Moving north-
northwestwards, it intensified into a cyclonic storm (CS), 6NANAUKG® in the early
morning of 11™ June 2014. It weakened into a deep depression in the afternoon of 13™
June, 2014 over westcentral Arabian Sea and into a depression in the evening of 1.3
June, 2014 and further into a well marked low pressure area over the same region in
the morning of 14" June, 2014. The salient features of this cyclone are given below.

() It developed in association with the southwest monsoon surge over Arabian Sea
during the onset phase

(i) It caused temporary hiatus in progress of monsoon over south India

(iii) It weakened over the northwest Arabian Sea on 14™ June and its remnant moved
northeastwards leading to revival and progress of monsoon along the west coast

of India

2. Monitoring and Prediction:

The cyclonic storm ANANAUK®6&was monitored & predicted continuously since its
inception by the India Meteorological Department. The forecast of its genesis, track, and
intensity, as well as associated adverse weather were predicted exceedingly well with
sufficient lead time which helped the disaster managers to maximize the management
of cyclone. The system was monitored mainly with satellite observations, supported by
meteorological buoys and coastal and Island observations. Data from conventional
observatories and Automatic Weather Stations (AWSs) were also used. The half hourly
INSAT/ Kalpana imageries, available microwave imageries and scatteometry products
were used for monitoring of the system. Various national and international NWP models
and dynamical-st ati st i cal model s i ncl uescale gnodélsyiD 6 s
dynamical statistical models for genesis and intensity and models run at NCMRWF

were utilized to predict the genesis, track and intensity. Tropical Cyclone Module, the



digitized forecasting system of IMD was utilized for analysis and comparison of various

models guidance and decision making process and warning product generation.

3. Genesis

Under the influence of the active southwest monsoon surge over the Arabian Sea

during its onset phase, a low level cyclonic circulation formed on 9™ June morning. It

concentrated into a vortex (T=1.0 as"Jmer Dvc
which corresponds to a low pressure area over the east central Arabian Sea. It became
a well marked low pressure area over the same region in the morning of 10™ June. It
concentrated into a depression over the same region in the afternoon of 10" June,
2014. According to satellite imagery and Dvor ak

The lowest cloud top temperature was about -75°C. The maximum sustained wind
speed was about 25 knots. However, the wind speed was higher in the southern sector
in association with the southwest monsoon surge.

Considering the environmental conditions, the sea surface temperature (SST)
was 30-32°C. The tropical cyclone heat potential was about 60-80 kJ/cm?. The vertical
wind shear of horizontal wind was about 20-30 knots between upper and lower
tropospheric level. There was increase in low level vorticity, lower level convergence
and upper level divergence from 9™ to 10" June favouring genesis of the depression.
The Madden Julian Oscillation index lay in phase 3 (east equatorial |Indian Ocean) with
amplitude less than 1. The past studies indicate that phase 3 is favourable for
cyclogenesis. However, the amplitude was not favourable for further intensification.

The best track parameters are shown in Table 1 and the best track is shown in
Fig.1.

4. Intensification and movement

As the favourable environmental parameters like vorticity and divergence/convergence
continued to prevail on 10" and 11", even though the vertical wind shear and MJO
index were not favourable, the depression moved west-northwestwards and intensified
into a deep depression around midnight of 10" June, 2014 and further into a cyclonic
storm (CS), &NANAUK®In the early morning of 11™ June 2014. It continued to move

westi northwestward for some more time till early morning of 13" June. It then moved



northwestwards for some time and finally northwards to westcentral and adjoining
northwest Arabian Sea till afternoon of 13™ June, where it weakened into a deep
depression and further weakened into a depression in the evening of 13" due to
increase in vertical wind shear, entrainment of dry air and relatively colder SST. It then
moved northwards to northwest and adjoining westcentral Arabian Sea It weakened into
a well marked low pressure area over the same region in the morning of 14™ June,
2014.

According to satellite imageries, the initial curves band pattern changed to central
dense overcast (CDO) pattern as the system intensified into a cyclonic storm. The
maximum intensity was T 3.0 corresponding to 45 knots. The lowest estimated central
pressure was about 986 hPa. The CDO pattern changed to the shear pattern due to
increase in vertical wind shear during the weakening of the system on 13™. The
cloudmas was sheared to the southwest of the centre of low level circulation. There was
rapid weakening as the cyclonic storm changed to depression from 0600 UTC to 1200
UTC of 13" June. It was mainly due to high vertical wind shear which was about 30-40
knots. To highlight the satellite features, the typical satellite imageries are shown in
Fig.2. The IMD GFS analyses based on 0000 UTC of 10" to 14™ June are shown in
Fig.3 to highlight the dynamical features.
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Observed Track of Cyclonic Storm 'NANAUK' ~
over Arabian Sea (10-14 June, 2014)
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WML = Well marked low pressure area
D = Depression
DD = Deep Depression
CS = Cyclonic Storm

Fig.1l. Track of cyclonic storm, Nanauk during 10-14 June 2014 over Arabian Sea



Table 1. Best track positons and ot her parameters of t
over the Arabian Sea during 10-14 June, 2014

Date Time | Centre C.l. | Estimated | Estimated Estimated Grade

(UTC) | lat.’ N/ NO. | Central Maximum Pressure
long.°E Pressure | Sustained drop at the
(hPa) Surface Wind | Centre (hPa)
(kt)

0900 |15.5/68.5 | 1.5 998 25 3 D

10-06-2014 | 1200 | 16.0/68.0 | 1.5 996 25 3 D
1800 | 16.5/67.5 | 2.0 994 30 5 DD
0000 |16.5/67.2 | 2.5 992 35 8 CS
0300 |16.7/67.0 | 2.5 992 35 8 CS
0600 |16.9/66.7 | 3.0 990 45 10 CS
0900 |17.0/66.5 | 3.0 990 45 10 CS

11-06-2014 1500 [17.3/66.2 | 3.0 088 45 10 CS
1500 |17.5/66.0 | 3.0 988 45 10 CS
1800 |17.5/65.8 | 3.0 988 45 10 CS
2100 |17.5/65.7 | 3.0 988 45 10 CS
0000 |17.8/65.3 | 3.0 986 45 10 CS
0300 |18.0/65.0 | 3.0 986 45 10 CS
0600 |18.1/64.7 | 3.0 986 45 10 CS
0900 |18.3/64.3 | 3.0 988 45 10 CS

12-06-2014 1500 | 18.3/63.9 | 3.0 088 45 10 CS
1500 | 18.3/63.6 | 3.0 988 45 10 CS
1800 |18.3/63.4 | 3.0 988 45 10 CS
2100 | 18.4/63.3 | 3.0 988 45 10 CS
0000 |18.4/62.9 | 3.0 988 45 10 CS
0300 |18.7/62.7 | 3.0 990 45 10 CS
0600 |19.0/62.6 | 2.5 992 40 8 CS

13-06-2014 o900 [ 19.5/62.5 | 2.0 994 30 5 DD
1200 |19.8/62.4 | 1.5 996 25 3 D
1800 |20.0/62.0 | 1.5 996 25 3 D
0000 |20.5/62.0 | 1.5 996 25 3 D

14-06-2014 | 0300 | The depression over northwest and adjoining westcentral Arabian Sea

weakened into a well marked low pressure area over the same region.
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Fig.2. Typical INSAT 3D imageries of cyclonic storm &NANAUK 6 at 00,06,12 &18
UTC of 10" and 11" June, 2014.
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Fig.2(Contd) Typical INSAT 3D imageries of cyclonic storm &NANAUK®at 00,06,12
&18 UTC of 10™ June, 2014.



IMD GFS (T574) MSL Pressure (hPa) FORECAST (00 HR)
based on 00 UTC of 10-06-2014 valid for 00 UTC of 10-06-2014

Fig.3 (&) IMD GFS MSLP and winds at 850, 500 & 200 hPa levels analysis and
10meter wind based on 10™ June 2014



