EARLY WANING SERVICES FOR OCEAN
HAZARDS

Dr. T M Balakrishnan Nair

Director (l/c)
Indian National Centre for Ocean Information Services (INCOIS)

Co-Chair GOOS/UNESCO, Vice Chair ET-MOR/WMO

RIMES Council Meeting
07 May 2025



Earth System Science & Services — Institutional Mechanism

(Earth System Sciences Organisation) INCOIS Mission: To provide the Ocean Information and

Advisory Services to Society, Industry, Government
Agencies and Scientific Community through Sustained

Ocean Observations and Constant improvements through
Systematic and Focussed Research

Ecosystem Ocean Sate Early Warning  Coastal Data Related Contributions Capacity
Related Services Forecast Services (TEWS, Geospatial Services (IB & to Weather & Building

(PFZ, Coral Services SS, HWA, SAR) Services (CVI, WABS, Ocean Climate (ITCO Ocean)
Reefs, HABs) MHVM, 3DGIS) Portal)

International Interface
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Satellite Oceanography Ocean Science and Modelling

Ports, Harbors, Offshore and /
Shipping

In-situ Observations
B Argo, Drifters, XBT/XCTD, Current

. <= .. Meter, Glider, uCTD, ECFS, ASIMET,
Flux Mooring, CTD, VMP, Lagrangian
Float, Radiometer, GNSS, SMA, WRB,
AWS, BPRs, HF Radars, Tide gauges,

Moored Buoys

Remote Sensing
Satellites

Oceansat-1 (1999)
Oceansat-2 (2008)
Oceansat-3 (2022)
SARAL — ALtiKa,
\ Foreign Satellites
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MoES open and coastal ocean in-situ networks

Platforms

Target
Open Ocean Networks
Argo Deploy 40 floats/year
Drifter Deploy 30 floats/year
Tsunami buoy Maintain 7 moorings
Equatorial current meter Maintain 3 moorings
XBT/XCTD Maintain 3 transects
Ship-based AWS Maintain 34 AWS
OMNI moorings Maintain 12 moorings
RAMA programme Support mooring in the EIO, BoB and AS
Coastal Ocean Networks
Coastal ADCP Maintain17 moorings
Tide gauge Maintain 36 stations.
Wave rider buoy Maintain 16 moorings
HF Radar Maintain 5 stations

Coastal moorings

Maintain 3 moorings

Water quality moorings

= Ocean Observations Networks (OON)
U

Maintain 6 moorings

ADCP 400m below sea

RCM 600m

RCM 800m

RCM 1100m

RCM 2100m

RCM 4100m

Dual Acoustic release

Depth ~ 4500m




Ocean Prediction System

Oce

Monsoon Forecast

INCOIS Ocean Modeling

and Data Assimilation (CFS model)
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Ocean State Forecast Products
5 ess——

* Wave - Period/Height /Direction

* Wind Speed/Direction . . * High Wave Warning/Alert * Online Oil spill advisory (OOSA)

* Ocean currents- Speed/Direction . gyell Surge Warning/Alert + Search and Rescue Aid Tool (SARAT)
* Sea Surface Temperature  High Currents Warning/Alert

* Salinity  Swell Surge Warning/Alert

* Mixed layer Depth « Small Vessel Advisory Services

* Depth of the 20 degree isotherm

* Tide predictions https://incois.gov.in/portal/osf/osf.jsp
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Swell Surge Warnin

* Swell Surge happened on 31 March 2024 at a few coastal places of
Southern India. High swell wave experienced Kerala.

* INCOIS issued Rough Sea/Swell surge Alerts to the respective
states/UTs on 29, 30 & 31 Mar2024.

» INCOIS team surveyed the impacted areas in Kerala and observed

gs in March and May 2024

Swoll Weve Poriod (s)
Torocas for (230 15T 29 082024

o « MR ¥ 3 Rough seas along Kerala

i | i coast due to low pressure
@ in South Atlantic Ocean:

- Report

120 m max. inundation at Adimalatura, and 1.2 m max wave height
at Pazhiyoor

04 & 05 May 2024. About 1.02 cr. SMS disseminated through CAP.

reported at few scattered coastal districts.

 From WRB and MRB observations, it was evident that swell periods
20-25 sec and swell height 1.2-2.8 m as forecasted by models.

* This was a success story of INCOIS as we could monitor the
oceanic conditions through observations/models and forewarn
the coastal states in advance.

NORTHERN INDIAN OCEAN

* INCOIS issued Swell surge Warning to Kerala, South Tamil Nadu| -
and Lakshadweep, and Alerts to remaining Indian coastal states on| ===

Forcoust for 0230 IST 04-05-2024
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G192 S45 6878 9 WMII1EN 41518 1718 1820 91 Colour acale ird ates swell wave height in meters

» Swell surges experienced low-lying areas Kerala and TN. As per -
report from Kerala, low-lying areas got flooded and damages were| |

it -,

U e . THE TIMES OF INDIA

] sp0amY Swell surge in sea off Kanyakumari kills five
medicos
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Swell Wave Height (m) : BD14(7.02,88.05) (Time in




High Wawve Watch for the coast of SURAT, GUJARAT
HIGH from Ki:)sarnba (Mangelvad) To Bhimpur. High 28
VWAVE waves in the range of 1.9 - 2.0 meters are 07 -
WATCH forecasted during 08:30 hours on ..29—07—2024 to 2024
17:30 hours on 30-07-2024. It advised that no
immediate action is required. Check for updates.
SURAT - [ALERT]
[ Ccean Currents Alert for the coast of
SURAT,GUJARAT from Kosamba (Mangelvad) To
OCEAMN Bhimpur. Surface current speeds in the range of 1.2 28-
CURRENT - 1.8 m/sec are forecasted during 16:00 hours on 07 -
ALERT 28-07-2024 to 19:00 hours on 30-07-2024. It 2024
advised that Harbour & marine operations to be
careful.

Ocean Currents Alerts
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INCOIS-IMD Joint Bulletins during Extreme Events- SCS Remal

i t of to t as a severe cyclonic storm with maximum sustamed wind speed o

11;.?(1_}:3 l‘,‘ﬁ';fi‘;f“.::‘;‘iiﬁ.;iiﬁfi‘;f T s e e b e i INCOIS issued Joint Bulletins for St orm S u rg e E a rl y Wa rn i n g S

continue for next 4 hours.

BT [eptieteed) v 6 High Wave/Ocean State Warning/Alert for West Bengal, Odisha, Andaman, Nicobar, Tamil Nadu t he Seve re Cyclo n iC Sto rm Re m a l

as-wtteeze rasn  South, Tamil Nadu North, and Andhra Pradesh:
. . West Bengal: .
TIME : 24-MAY-2024 00:00 DATA SET: WW3-ECMWFDA d uri ng 24_26 M a 2024 N o
Significant Wave Height (Meters) Table: Forecasted wave height. swell height and maximum wave height for coastal region into the y *
ocean upto10 km off West Bengal. B l.'. t.
p i / Vg y Significant  Wave uttetins
- b - Location From @ST) | To (IST) Height (m) Swell Height (m) Cyc '.O ne
. s, e R ST W . 3530hrs. | 11.30hrs. /
237N ; 3 I 3 5 . Digha 26052024 | 27-05-2024 3.6-7.1 1.7-3.5
e, . ] 5 3530 s 1130 hrs. MOde Numb er Nam (]
TRy g Pargana Sagar 26052024 | 27-05-2024 37-72 15-36 P I‘Od ucts
A 3 oy y g y 22:50 frs 11:30 hrs,
. 3 . 2 | Purba Medinipore | 26052024 | 27-05-2024 35-7.1 18-3.6
g A Y . 22:50 s . 1130 hrs, SMS Al 17 7 1 782
Ty, € L 4l ¥ South Paraganas | 26-05-2024 | 27-05-2024 3.7-7.0 1.7-34 erts b b I SSu ed

18N
Offshore: High waves in the range of 3.5 — 7.2 meters are forecasted during 22:50 hours on 26-05- S
® 2024 to 11:30 houss of 27-05-2024 beyond 10 km off the coast of West Bengal from Digha to h h C P 1 f evere
= Bakkhali. Surface Current speeds vary between 60 - 120 cav/see t roug A p atform
= | .
E f
ERTe Odishn Cyclonic  24-May-2024to 14
Table: Forecasted wave height and swell height for coastal region info the ocean upto 10 km off Odisha NO, (0] f I \] C OIS—IMD 1 4 St
orm 28-May-2024
Significant  Wave = )
Location From @ST) | To IST) Height () Swell Height (m) J oint Bulle tins Issue d
10°N 22:50 hrs 1130 hrs, REMAL
Ganjam 26-05-2024 | 27-05-2024 35-65 17-32 . R
33300rs .| 11300, B 11 1 5 040
pus ulletins sent to emails , _
S0t Ti130hws EVENT SUMMARY:
h 26-05-2024 27-05-2024 34-6.6 1.7-34 - -
6°N 33:50hrs. | 11.30hrs, NO 0 fN A \V/ I C Cyclone Name FENGAL [p as FEINJAL]
Kendrapada 26-05-51024 27-05-31 024 35-66 18-33 . 1 2 Place of Land Fall Noth Tamil Nadu-Puducherry coasts between Karatkal and Mahabalipuram close to
22:50 brs . 1130 brs, Puducherry
T6°E 80°E 84°E BB°E 92°E 968°E 100°E Bhadrak 26-05-2024 27-05-2024 34-6.7 18-33 - B
——X TMD Teack LONGITUDE 3350 brs 1130 s, mess age s Time of Land Fall i Evenimg of 30th ]_\Iovember
Arrows indicate direction of the wave from North and colour bar indiactes wave height in meters Bala 26:05-2024 | 27-05-2024 36-67 17-34 Wind Speed at the time of la.udfall. 70-80 kmph gusting to 90 kmph
Offshare: High waves in the range of 3.5 — 6.7 meters are forecasted during 22:50 hours on 26-05- Expected & o Surge Around 0.7m
2024 to 11:30 hours of 27-05-2024 beyond 10 km off the coast of Odisha from Gopalpur to Expected I Extent  |Upto 0.13 km

Chandipur. Surface Current speeds vary between 50 - 120 cm/sec.

STORM SURGE HEIGHT INFORMATION:

Observation and forecast compariso ns * The below listed surge heights are over and above astronomical tide.
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Search and Rescue Aid Tool (SARAT)

Based on the SARAT Adyvisory, The Indian Coast Guard successfully
located the deceased within the most probable region
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AdViSOI")’ A geostationary orbiting search and rescue (GEOSAR)

Scenario constellation with SAR instrument packages




Oil Spill Trajectories

MINISTRY OF
EARTH SCIENCES

OOSA Web Interface 5372 e
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ONLINE OIL SPILL ADVISORY (OOSA) :
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* Delivers the trajectory of the spilled oil, which can enable the oil

spill responders to plan their clean up activity 0D 8 5 100 Nautical Miles

A4 | t t t } t t t | -

* Minimize the impact of oil spills on the marine ecosystem and on % MT-X PRESS Colombo 03 June 2021|NCQ&§|S |
the aquatic organisms 4N
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Ocean Services for RIMES member States

INCOIS provides Ocean Services to RIMES countries (Maldives, Seychelles, Sri Lanka, Comoros, Madagascar and
Mozambique) — 3-day forecast

Country Wave Wave Swell  Swell Wind Sea Surface Mixed Surface Location High Wave
period period Temperature Layer Currents Specific Alert
Depth stations

Maldives Yes Yes Yes Yes Yes Yes Yes Yes 21 Yes

(3 regions separately)

Seychelles Yes Yes Yes Yes Yes Yes Yes Yes 18 Yes

Sri Lanka Yes Yes Yes Yes Yes Yes Yes Yes 20 Yes
Comoros Yes Yes Yes Yes Yes Yes Yes Yes 15 Yes
Madagascar Yes Yes Yes Yes Yes Yes Yes Yes 15 Yes
Mozambique Yes Yes Yes Yes Yes Yes Yes Yes 16 Yes

[ 6riLanka ]
olorsessttor zu:.:n s;.s‘r 99 dun mzm § i [ Seychelles lsland ] g CZAMBIOUE
urrents Speed (cmi/s) and Direction Seyc poed (knots)
o oo o P Swell Wave Helght (m) and Dlrection (%) @ ® - = 2.7 OTeORt for 20.00 CAT 08 Jun SoRR
Forecast for 22:00SCT 09 Jun 2022 . &
&51g 550

5457

I

] 1 2 ] i 5
Arrows Indicate direction of wave in degrees from Nerth
Colourscale Indicate wave height Inm

Arrowa indicate direction of cumenta in degrees from North )
Colour scale indicate currents in crve ton of wavo bn oo trom Mo




Ocean Services for International Users

Regional Specialized Meteorological Centre (RSMC)

services for Indian Ocean under WMO framework Ocean Services for Pacific Island Countries
¥ NCMIS Regpons Spacubind bntsordlogenl Combe (A @ ') 2= incus Wi sl et R @ weer CUSP
. lor Numerical Ocean Wave Prediction X ‘g ROTE P X b R Y 23 i -

Ocean Information services under the regional * Tsunami Services for Indian Ocean rim courtiers
framework of Colombo Security Conclave (CSC)
g= o e—————_ (@ @) * Ocean RSMC services for Indian Ocean

e Ocean services for Pacific Islands countries
e Ocean Services for RIMES member states
e Ocean Services for CSC countries

wivve o Others



Tsunami Early Warning Services

Participating Institutions
IMD, NIOT, ICMAM, SOI,

ISRO, NRSC, INCOIS
MHA, NDMA, Coastal States
-l q 2
_ Indian Tsunami Early Warning
Seismic Network P o L o TR — .
f A ot s : s | Bangladesh
— TSUNAMI | g ,
RNINGS!!! d \
1 Thailand
S 5 | Tsunami Modelling Capacity Building
‘ Kenya Seychelles : : . il | )
— Tunlm:‘u = Timor Leste I
ek National Tsunami Warning Centres Al
- | | Tsunami Warning Focal Points / 1
BPR Network Nocarmbique S EMiadegascay Tsunarrlli Naticlmal Contactls of 4
e . GPRS \ Mauritius IOTWMS Member States
- -+ , France
Y. - GRS Regional Tsunami Early Warning Services
N
e £t ) L ﬁ
. 6 ; k |NMARSAT J Intergovemmental Coorcination Group for Indian Ocean Tsunami Warning and Mitigation System (ICG/OTWMS)
Jak Certificate of Recognition
s - The Community of Noliasahi
@e gauge Network / K Costal Vulnerability j Jagatsinghpur Dislri)c/l. Odisha, India

Observation Networks Communications Simulations Last mile connectivity B N ey e
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Coastal Multi Hazard Vulnerablllt Assessments

W .

CoaStaI VUInerablllty Atlas =l === l—m= == L2 _—1[ :'BDuuahzatlon and Analysis System (3DVAS)
1:1,00,000 scales i - -

Coastal Vulnerability of India

u Building Level Tsunami Risk

Vidner stebty Clavses
B e
——
-
o me we o)

Building level risk can be shared through
goog le earth kml/kmz for end use

Bay of Bengal 4

¢

Legend f‘g

Multi-hazard Zones R x o

[ state Boundary 5 Tsunami Inundation extent
E and Flow-depth is shared

SRILANKA “H

Indian National Centre for Ocean Information Services (INCOIS)

in Google Earth's
KML/KMZ format for end use

Google Eartt



Information Dissemination Modes

GAGAN based GEMINI
Satellite based Soluti

Simple & Easy Integration
Economic
Plug & Play

—— INCOIS-GAGAN

» Key role by Mobile
based dissemination

methods . 6.75 Lakhs

» Active catalyst role by
NGO’s and Partner . 02 kakhs

institutes 2017 3.09 Lakhs

QR Codes for SAMUDRA

AOSTNIER]Ea @il@oroy riloamis
13-10-2015 Alrd 2I=IhI6TT] EAO6LUE:
g9°55.16"M, 75°58.21"E dlua- SW(253"),
@dhBlo- 28 km, (Mo@i@e @Yo 30 m
HICE HETa) ST e B sfas o2y
Z27-10-201 5 = Sei=prer oIt o=
INCDMS Z0043.36"M, 870 bz.-::?:d"L or=r J:;‘.LU 70%),
SAMUDRA g O .' Ha@- 105 km, fiS=r=1- 86 m

Similar number of o DR W S Message:PFZ- Hisizlen [?.s-u%-‘.i'l
fishermen also must be 14/04/2015 HIESIHIEL A 2eilca ed=t:
2027 .66'N, 69°31.23'E, [k - SW (2207),

receiving the
information from
secondary channels

2elciz- 94 ki, e3lui-l Ss83 - 87 m

Multilingual SMS Services

Registered Mobile Users




Thank you

a INCOISofficial Hyderabad bala@incois.gov.in

WWW.INCOIS.ZOoV.IN
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