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NCESS To Study Kallakadal
Events
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Thiruvananthapuram, India

A comprehensive program to study the coastal flooding along the Kerala coast due to
rise in sea level caused by the coincidence of high tide event and arrival of swell waves
has been initiated by the Coastal Processes (CoP) Group of the National Centre for Earth
Science Studies (NCESS), Thiruvananthapuram a research institute under the Ministry
of Earth Science (MoES), Govt. of India. Even though this type of coastal flooding is
common along the low lying sectors of the Kerala coast particularly during the post-
monsoon and pre-monsoon periods (i.e. from October — May) it has been observed
that there has been a significant increase in the number of such events reported in a
year. The intensity or impact due to the occurrence of such an event (i.e. due to the
arrival of long period waves from the Southern Indian Ocean with peak wave periods
more than 155 ) on a low lying coastal area can be severe when it coincides with the
spring tide (highest high tide) and the presence of coastal current moving towards
south due to the influence of other factors like wind can make it even more worse.

The term Kallakadal (arrival of sea like a thief without being noticed) borrowed
from the parlance of fishermen
and proposed by Dr. N. P. Kurian
(former Director of NCESS) was
accepted by UNESCO in 2012 for
describing such freak events of
coastal flooding. This terminology ¥
has also been recognized by the
World Meteorological Organization
and  the Intergovernmental
Oceanographic Commission.

During 2015 the first Kallakadal
event reported was during the last
week of January and the last one during the 29 Aug. — 1 Sep. On both occasions the
events coincided with the spring tide and further the data obtained from the offshore
Wave Rider Buoy deployed by NCESS (in collaboration with INCOIS Hyderabad) in 22m
water depth off the Kollam and Kozhikode coast revealed the presence of long period
waves of 18-20 s magnitude and significant wave heights of the range of 1.5-2 m.

For the September event the coastal wind data available at one location showed
the influence of moderate winds of speed 5m/s blowing from WNW-NW direction.
Apart from identifying the causative factors responsible for such freak events further
it is important that a detailed investigation of the influence of such events on the
nearshore hydrodynamics (wave climate andcirculation pattern) and its influence on
the adjoining coast particularly beach morphodynamics needs to be conducted.

A comprehensive study linking offshore, nearshore and beach processes is essential
for adopting appropriate site specific measures for disaster mitigation and also
for assessment of hazard vulnerability during such extreme events. In this context
NCESS has embarked upon a pilot study for which the Thangassery-Kayamkulam
stretch of the Kerala coast has been selected. This particular stretch of the coast has
been considered as it is one of the areas that have been witnessing coastal flooding
in recent years. The coastal morphology of the area is very complicated as it has the
presence of a number of hard structures along the coast and also influenced by other
anthropogenic activities like beach sand mining which significantly affects the beach
morphology and shoreline orientation. The presence of Ashtamudi estuary (on the
southern side of the study area) through which the Kallada river debouches into the
Arabian Sea also has a prominent role in this study as it is observed that there has
been a drastic reduction in the sediment supply from the river over the years and
this in turn has adversely affected the beach morphology. There also have been some
human interventions at the Ashtamudi inlet and there are some reports that this has
eventually led to the partial flooding of the Munroethuruthu island which is located
on the eastern side.

The proposed programme involves field measurements and numerical modelling
studies was formally initiated on 26th September 2015 with the team headed by
Dr.T.N. Prakash, Group Head, Coastal Processes Group and senior colleague Dr.L.Sheela
Nair deploying oceanographic instruments for hydrodynamic data collection at
three coastal locations along the Thangasserry-Kayamkulam coastal stretch. Wave
gauges and current meters were deployed in the nearshore region to the south of
Kayamkulam fishing harbor at about 5m water depth, Asthamudi estuary (7 m depth)
and further south between Thangasseriand Neendakara (5 m depth). This data will be
supplemented by systematic beach measurements during the offshore hydrodynamic
data collection.The deployment period was judiciously decided in such a way that it
covers the Perigien Spring Tide event on 28™ September 2015. It is expected that the
collected hydrodynamic data would give valuable information on the influence of
Perigien Spring Tide on the Kerala coast.
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on the Simulation of Tropical Cyclone
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Introduction
Tropical cyclone (TC) remains as one of the worst natural disasters

throughout the globe. The Bay of Bengal (BOB) is one of the potential regions for the
formation of TCs (Gray 1968). Hence it is very important to predict the TC intensity
and landfall location to minimize the heavy loss. Regional numerical models played
an important role in the prediction of TCs over past few decades. Although from past

30 years impressive strides are made in the quality of TC track
predictions but there has been no perceptible improvement
in the skill of tropical cyclone intensity prediction, further the
interactions of the TC with the upper ocean are one of the crucial
elements in the prediction of intensity of the TCs (Emmanuel,
1986). Over the BoB many numerical experiments are conducted
using Advanced Research version of the Weather Research and
Forecasting (ARW) model (Osuri et al., 2013). It is to be noted that
these studies used the 5 day averaged Reynolds SST available at a
very course resolution of 10X10 grids (Chelton and Wentz 2005) obtained from a Global
model. The role of high resolution realistic SST in improving the TCintensity prediction
over the BoB are given by Mandal et al., 2007 and Bongirwar et al., 2011. SST derived
from the high resolution Princeton ocean model coupled with the atmosphere model



known as Hurricane the Weather Research and Forecasting model (HWRF) has shown
an improvement in the intensity prediction of TCs over the Atlantic basin (Yablonsky
and Ginis 2013;Yablonsky et al., 2015). However over BoB most of the simulations for
the predictions of TCs use atmosphere models alone. Hence in the current study an
attempt is made to offline couple the regional ocean modeling system (ROMS) with
ARW model by using the high resolution climatology sea surface temperature (SST)
obtained from ROMS as an

initial condition for ARW simulation for the TC Phailin (October, 2013). Further details
of the TC Phailin can be found in the IMD website (www.imd.gov.in/section/nhac/
dynamic/rsmc1.htm).

Data and Models used:

In the current study ARW model is used for simulation of TC Phailin. The ARW model is
a non-hydrostatic fully compressible mesoscale model which is based on the Eulerian
solver. The description of the model equations, physics and dynamics are given in
(Dudhia 2004 and shamrock et al., 2005). The ARW model is integrated at a horizontal
resolution of 9km and the model setup is followed Osuri et al., 2013. The ROMS SST
with horizontal resolution of 9 km is obtained from the climatological simulation
(Siland Chakraborty etal., 2011 and Sil et al., 2014) and is validated with the different
observations; spatially with WOA 2005, Argo (2003 — 2014), AVHRR climatology and
three RAMA buoy (2005 to 2014) locations A) 8°N, 90° E; B) 12° N, 90 °E, C) 15° N,
90°E. The ARW simulations are conducted for TC Phailin for 96hrs, 72hrs and 48hrs
with the initial conditions from 0900UTC, 1000UTC and 1100UTC of October 2013
respectively. Results from the simulations are compared with Indian Meteorological
department (IMD) data. The results obtained by using the SST from ROMS (from now
EXP) and results from Reynolds SST (from now CNTL) are compared with the available
observations. Parameters like surface winds, rainfall and track locations are taken
from IMD observation data sets. Satellite-based wind analysis (at 700hPa) is used
to compare the model simulated winds. The preparation and details of the satellite
based winds can be referred with Knaff and DeMaria (2006).

Results and Discussions
The Taylor diagram (Taylor, 2001) depicts the correlations are within 0.90 and 0.99 for
all SST comparisons. The root mean square difference is around 0.4°C and normalized
standard deviation is higher than unity, which signifies that the simulated variability
is more than the observational variability (Fig.1). Comparison of the SST of CNTL and
EXP for various initial conditions, the EXP SST shows greater gradients of SST compared
with the CNTL, these gradients in the SST which might play a dominant role in the TC
intensification. The improvement in the replication of realistic SST can be attributed
to the high resolution output from the mesoscale ROMS model compared with the
SST obtained from the Global model with course resolution in CNTRL(refer to Sil and
Chakraborty et al., 2011 for ROMS SST, October climatology). The Intensity of TC in
terms of the wind speed at 10m above the sea level for the initial conditions 0900UTC,
1000UTC and 1100UTC of October 2013 are represented in the Fig.2. The impact of
the high resolution ROMS SST on the TC
Phailin intensity can be observed from Fig.2
(a-c). Throughout all the initial conditions
the EXP has produced a realistic intensity
which is closer to the observations than
the CNTL; however the track prediction
remained unimproved compared with the
CNTL (Fig not shown). The peak intensity
of TC Phailin is better replicated from the
EXP compared with CNTL.The TC rainfall
and the spatial wind structure is shown in
Fig 3. The observed accumulated rainfall on
12th October is shown in the Fig 3a. Both

Taylor Diagram

Fig. 1: Taylor Diagram for SST comparison of
model simulated SST with three RAM moorings
(RA, RB and RC), WOA2005 (LV), Argo (AR) and

AVHRR (AV)
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Fig.2. Comparison of experiment and control run with observations of TC Phailin wind speed (m/s)
with initial conditions of (a) 0900 UTC (b) 1000 UTC (¢) 1100 UTC
the experiments i.e. (NTL and EXP had overestimated the accumulated rainfall on
the land fall day i.e 12" October, however the EXP captures the location of rainfall
better as compared with the CNTL for all the IC, as a representative, rainfall for [C0900
UTC are shown (Fig.3b and 3c). Similarly the wind structure at 700hpa as observed
from satellites and experiments are shown in Fig.3d-f. From the Fig.3e and Fig.3f it is
clearly evident that the EXP run has replicated realistic inner core wind structure and
magnitude at the TC peak intensity i.e on 11" October 03UTC. Close examination of
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Fig.3: Comparison of accumulated rainfall (mm) on 12th October 2013 and peak winds on 1103 UTC at

700 hpa for the experiment and control run with observations (a) observed rainfall (b) control
(c) experiment (d) observed winds (e) winds for control run (f)
latent heat fluxes at the peak intensity (Fig.4a-b) show that EXP shows a higher flux at
the storm inner core compared with the CNTL. The improvement in the inner core flux
exchange might have played a significant role in better representing the wind inner
core structure shown in Fig.4f. From the preliminary results presented here show the
role of the ROMS derived SST in improving the intensity prediction of the TC Phailin.
Further a coupled ROMS and WRF model over the BoB might significantly improve the
prediction of the TCs over the BoB.
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Fig.4: Latent heat flux 9w/m2) at the peak intensity of TC Phailin at 1103 UTC (a) control run
(b) experimental run
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Out-of-the-Box

Blink of An Eye: Outputs of image processing of satellite data to study

cyclonic eddy in the Bay of Bengal and algal bloom in the Arabian Sea.

Dr. Rashmin Dwivedi, Ocean Colour Specialist and Biologist at ESSO-INCOIS . : .

shared these processed images that attract a second glance. - ; = '_ . T Study of

Right: 1. Blue color is sea water in the Bay of Bengal. Green colour _ 1 %
forms a profile-a face-like structure and the whites-clouds actually- | . ' , : of ved N. se/'bloom

Far Right: 2. This classified binary image of Noctiluca bloom could well
read like a poster of a horror film !
(Whites are bloom pixels and blacks are non-bloom-normal water).

Get Social!

n The 1l0E-2 programme is on Facebook.

Like the page and stay updated on :

https://www.facebook.com/International-Indian- ! i ]

Ocean-Expedition-2-888081817972325/ AE s Also, interact directly and tweet to the Twitter
handle @iioe_2

Call for Contributions

We would like to once again invite informal articles for our next issue scheduled for In addition to articles- Do not hesitate to contribute unusual or artistic views of
December 2016.Contributions referring Indian Ocean studies, cruises, conferences and the Indian Ocean Data or Captures etc. (all details of the data, study area location,
workshops etc. are welcome. processing details if any must be mentioned)

Articles may be up to 1500 words in length accompanied by suitable figures and Deadline: 30th October 2016
photos. Photos of only the first four authors with their short bios may be provided. Send Your Contributions as usual to to iioe@incois.gov.in
Remaining authors will be listed as usual in name.
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