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> DA systems

> GODAS: 3D-VAR (profiles)
> RAIN: LETKF (profiles, SST, SLA)

INCOIS
INDOFOS

¢ GODAS- Global Ocean Data Assimilation System
* RAIN- Regional Analysis for Indian Ocean
¢+ HOOFS: High-resolution Operational Ocean Forecast System
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Indian Ocean Forecast System-Overview

Present Operational Systems
* High-resolution Operational Ocean Forecast and reanalysis System (HOOFS) [Francis et. Al 2020.]
* Global : INCOIS-GODAS (MOM4.0+3DVAR) | Varying resolution [2010-present]
* Regional: ROMS v3.6 | 1/12 degree| Indian Ocean + LETKF [2016-present]
* Coastal : ROMS v3.6 | 1/48 degree| North Indian Ocean [2017-present]
* INCOIS Tentral Ocean Prediction System for Indian Ocean (ITOPSI)
* Global : HYCOM (HYCOM+TSIS) | 1/4 degree [2017-present]
* Regional: HYCOM (HYCOM-+TSIS) | 1/16 degree | Indian Ocean [2018-present]
* Wave Forecasts
* Global : WAVEWATCH III | 1 degree [2013-present]
* Regional: WAVEWATCH III | Indian Ocean: 1/2 degree | Northern Indian Ocean | 1/4 degree [2013-present]
* Coastal : WAVEWATCH III| 1/24 degree [2013-present]
* Tsunami
* Global: ADCIRC | unstructred [2014-present]
* Regional: Tunami N2 (Scenario based) [2007-present]
* Storm Surge
* Regional: ADCIRC+ SWAN | unstructured [2014-present]




INCOIS- RSMC of WMO



Forecast Examples

Oil Spill Trajectory Predictions

Storm Surge
Preiction

Predicted trajectories of oil spills.
Storm surge predicted during the landfall of Left: Bay of Bengal (Feb-Mar 2023);
the Tropical Cyclone Biporjoy (June-2023) Right: Arabian Sea Jun-Jul 2022



Impact of SLA Assimilation

The existing operational data assimilation system (ROMS+LETKF) is augmented with

sequential assimilation of SLA.

This assimilation has been done in two steps:

1.

2.

Assimilate all available in-situ temperature and salinity profiles along with satellite track

data of SST.
SLLA observations with steric correction were assimilated.

Steric corrected

SLA

— ANALYSIS

LETKF

ANALYSIS




Impact of SLA Assimilation

Comparison with coastal ADCP Observations Comparison with TN CODAR Observations
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Impact of SLA Assimilation

*  Free KPP (MY) model generated 67.7% (70%) of °  The number of eddies has significantly increased with SLA

eddies in AS assimilation.
 In BB, Free KPP (MY) model identified 84.4% ° Assimilated KPP (MY) member produced 91% (91.5%) eddies in AS,

(87.4%) eddies. while in BB models identified 96.8% (100%).



* The quality checks which INCOIS-adopted initially
was very strict and hence much of the data was
not going into the analysis.

* Anew QC procedure was worked out and the
ocean analysis is re-generated for the period
1999-present.

@ Comparison of RMSE of temperature along the
equator from INCOIS-GODAS using observations
based on existing QC and new QC.

® The RMSEs are calculated with respect to monthly
ECMWF-ORAS5 and NCEP-GODAS for the period
1999-2018.

® Global ocean analysis updated for the period 1999-
present



INCOIS is taking action to increase the Argo data coverage in the N. Indian Ocean



* PFZ advisories make use of the satellite
measured SST and Chlorophyll concentration to
identify potential regions of fish availability.

* Regions with large SST gradients and high Chl-a
concentration are found to have better fish
availability

* One of the challenges is the non-availability of
satellite track data during cloudy days.

Explored the possibility to make use of model
forecasts of SST and Chl-a to identify PFZ regions

Advantage is continuous data availability and
possibility for predicting the PFZs.

Only partially successful and large false alarms.
SST assimilation deteriorated the signals further

Exploring the possibility to develop a probabilistic
PFZ prediction system from the ensembles




Prediction of Coastal Circulation

* 18 Major ports & 200+ minor ports 75.4°E; 9°N
* 95% of transport by volume via sea route

* Most users of operational products (shipping,
off-shore energy, fisheries, tourism etc.)
operate in the shallow waters (~ 70m).

* Users need predictions of coastal currents,
ocean state etc.

* Regular users are more concerned about short
term vairations in the coastal features, while
policy makers and industry require long term

variation as well.
75.4°E; 9°N

Clearly, models need considerable
Improvements to cater to the needs of
user community



Ocean State Forecast

Major Goals

U Regional Ocean analysis

U Regional and coastal ocean

forecasts ‘Indian Ocean Forecast System
Regional Ocean Regional and coastal
- R&D Analysis forecasts

Search & Rescue Aid Tool General circulation



Major Goals

' Global Ocean reanalysis for
climate studies

d Ocean climate indices

U Global Ocean analysis for
Initializing seasonal monsoon
forecast model (IITM-CFS)

' Global Ocean initial conditions
for extended range predictions
by ITM CFS

O 1/C and B/C for regional forecast
models

Monsoon Mission

.. Ocean
Ocean Initial :
" Analysis &
Conditions )
Reanalysis

Temperature anomalies (degC) along the Equator from INCOIS—GODAS
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Deep Ocean Mission

Major Goals

U Advisories on the decadal-to-long
term projections, trends and coastal
impacts:

0 Sea Level Change

O Intensity & frequency of tropical
cyclones

J Extreme waves and coastal
erosion

0 Storm surge and inundation
hazard

O Primary productivity, harmful
algal blooms and coastal
hypoxia

U Modelling and Deep Ocean
Observations

O Multi-hazard Vulnerability Maps for
the coastal regions of India

U Climate assessment report



The Blue Economy Policy of the Govt. of India



Ocean Modelling Mission

Ocean Modelling Mission




Unified Ocean Modeling and Forecasting System

Proposed Ocean Modeling Framework General Circulation Forecast Models
* MOMEG for global to regional level applications.
* LETKEF based DA system in MOMG6
FVCOM for coastal/shelf sea/estuary applications.
WAVEWATCH III for global to coastal wave forecast
ADCIRC+SWAN for tsunami and storm surge predicton
MOMG6+WREF coupled system

Commencement

of the Project
Global/Regional
Circulation
Models
DA Experiments;
Wave models;
Surge models
Climate Downscaling;
Integration; Testing;
Experimental runs;

202 202 202 202

Coastal Prediction Models



Modular Ocean Model 6 (MOMG6)

As part of its unified modelling framework, INCOIS now plans to use MOM®6 as its future
workhorse for global and regional scale ocean modeling.

* INCOIS with the support of Prof. Eric Chessignet is
setting up a global configuration of MOMG6 under
Monsoon Mission lll.

* INCOIS is also setting up a regional configuration of
MOMBG6 for the Indian Ocean.

* Experiments are progressing to incorporate realistic
open boundary conditions and river discharge in the
regional model configuration.



FVCOM

Ir Physics
nitial and Boundary | FVCOM orm | Initial setup of FVCOM for the
i | conditions south-eastern Arabian Sea is
% w S i | Coupler - Framework now ready'
"&5 =N ROMS for Aquatic
€ 50| 1/48° Biogeochemical Model ] ]
E2Z| | (FABM) * Experiments are progressing
Nodes: | to identify the most
13,597 I“E E Initial and Boundary conditions approprlate phySICS OpthI’lS
Elements:: R ERSEM i . )
26,241 | Biology for this configuration.

Vertical layers of FVCOM setup with hybrid coordinate
(10°N)




Wavewatch-Ill

Operational Multigrid model New Global Model

Buoy Parameter CC Bias RMSE

Deep sea Hs 0.96 -8 cm 24 cm

buoys - AS

and BoB Ws 0.88 | 0.7m/s 1.53 m/s
TmO02 0.81 |-0.72s 1.29s

Shallow Hs 0.88 | -0.19 0.32

water-

Gopalpur TmO02 0.56 | 0.78 1.78

* Ocean Modeling Mission envisages setting

up a global high-resolution wavewatch-lll
model into which a regional unstructured
grid wavewatch-11l will be nested for very
fine-resolution wave forecasts for the
coastal waters.

* Global WWIII has been configured.

* Efforts are underway to configure regional
unstructured WW-III,



Thank You

francis@incois.gov.in
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