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Outline

Review of critical needs for a model to resolve multi-scale
processes over global-basin-coastal-estuarine-watershed
scales;

Updated development of unstructured grid Finite-Volume
Coastal Ocean Model (FVCOM) system;

Examples of applications of FVCOM to multi-scale problems;
The northeast US coast and China Seas

Summary



Examples of Multi-Scale Physical Processes
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From Emily F Keiley and Brian Rothschild (SMAST)
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Impact of the Arctic Ocean to the
western coastal region of the
North Atlantic Ocean

Spawning Site




Local via Remote Forcing

Local heat flux

Flux
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Coastal buoys ' Off-shore buoys
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N ; Geostrophic Water Transport on Sections 1, 2 and 6
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From D. K. Perovich and J. A. Richter-Menge
(Annu. Rev. Marine Sci, 2009, 417-441)
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Arctic Sea ice in summer 2007, an animation downloaded from www.nsidc.org/

Images from NASA Earth Observing System Advanced Microave Scanning Radiometer- Institute of
Environmental Physics at the University of Bremen,: National Snow and Ice Date Center.



North Latitude

From Don Anderson (WHOI) (Presentation at the MWRA meeting)
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From Joe DelliCarpini (National Weather Service at Taunton)




Challenges We Are Facing to

« Lack of the observation 4-dimensional (x,y,z,t) network
that is capable of resolving the multi-scale physical and

ecosystem processes;

 Lack of the systematic understanding of impacts of
global climate change on the coastal physical and
ecosystem processes.

Key Issues
Multi-Scale (global-basin-coastal-estuarine-wetland) Interaction !

11/2/2012



Basin-shelf
interaction

Two Critical Issues:

Basin scale

Multi-scale dynamics: Basin-
shelf interaction, convection
via advection, etc.

Open boundary connected to
the North Atlantic Ocean and
Pacific Ocean



Ocean Model Dynamics

~1 ~1000 km

Hydrostatic

Surface elevation
=—<<]

Local water depth  H

Large-scale motion in
which the vertical
motion is at least one
order of magnitude
smaller than the
horizontal motion.

Vertical convection,
over-turning, and high
frequency internal

waves are not resolved.

~ a few meters

Non-hydrostatic

Surface elevation

=2

Local water depth  H

Small-scale motion in
which vertical motion is
the same order of the
horizontal motion.

Vertical convection,
over-turning, and high
frequency internal
waves can be resolved.



In the ocean,
f> Numerical error speed
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Small Domain

Because Ax, # Ax;; Ay, # Ay;; The surface gravity wave speed propagating
from the small domain is not equal at the nesting boundary.

mmmmm) FEnergy accumulation at the boundary !



Unstructured grid

Common boundary

3

Non-hydrostatic process 4

Unstructured nesting approach: Mass conservation



Two-way Nesting (under development)
Patched grid:
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Two-way Nesting

Main domain

Local subdomai

Local subdomain . .
Main domain

The main domain uses the interior meshes of the local subdomain as
the boundary,while the local subdomain uses the interior meshes of
the main domain as the boundary.



Global-Arctic Community Climate System Model
(CCSM 4.0)

Assimilation

Global Ocean FVCOM
(Coupled with Sea Ice Model: UG-CICE)

| (5 km to 50 km) L
Ecosystem Models l AO-FVCOMMUG-CICE
(FVCOM-GEM and Stock&Dunn's) (0.5 km to 50 km)
I Nested
Northeast Coastal Ocean Forecast System (NECOFS)
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GoM-FVCOM (0.5-15 km) Global-FVCOM

Nested

Nested

Wetland

PI-MR-FVCOM

(10 m-1 km) Mass Coastal FVCOM
(15 m-5 km)

(5-50 km)

Arctic-FVCOM
(0.5-50 km)

Nested

Canadian Archipelago
(0.5-1.0 km)
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Chen’s Lab@UmassD




UMASS/College of Marine Sciences@SHOU
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Stellwagan Bank, Massachusetts
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Stellwagen Bank

Chen's Lab@UmassD

Stellwagen Bank
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Observed AO-FVCOM/UG-CICE

Averaged over 1979-94 .
( & ) The seaice

concentration
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September

1
Red :FVCOM Model /
Black: NSIDC Data

10cm/s

FVCOM model results were obtained with the climatologic forcing condition averaged over 1979-94

The NSIDC data show the averaged drifting velocity over 1979-94

Red :FVCOM Model
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Bering Strait, Chukchi Sea and

Alaska coast
Annual mean vertically averaged
currents in the depths of 0-50 m

Transports across Bering Stra
0.8 Sv for the coarse grid case
1.1 Sv for the finer grid case




Canadian Archipelago

Annual mean vertically
averaged currents in
the depths of 0-50 m

Coarse grid

Finer grid
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Velocity difference and variance

Velocily (Observed vs. Computed) Difference and Varance
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2005 May HABs in the Gulf of Maine/Mass Bay




2008 May and June HABs in the GOM/Mass Bay




Flight AF 447 A330-203, F-GZCP
Rio de Janeiro — Paris  June 1, 2009

A TASIL
1er message ACARS /02:10:00
nam £ ) /
uyane francaise J02:00.00
ket fis A
v W, /
iy A 01:50 co/i SAUPG
. {
d 01:40:00

INTGL
J£01:30:00

P00 02:10 AM

\ //m Last known location

j ‘JA7AL./
(oA 2 ¥ 00:50:00

2N
5y / \
2 R 00.39.00

g i, 1% : PV J;“’::o.ze 00
Wy bR oA i Yi \ 2
Departure Time: . | Lo

00:09:00

1 St & /
2% 39 OO { O/: 59.00

i &

SALVADOR)

/o 23:49.00
& .23:39.00

e - 232
L2329.00

‘0/_23 19.00
1>
23.09 00

S
5722:59.00

122 49.00

o
22 39.00
D 2009 MapLink/Tele Atias




ML B R A R




Marinha do Brasil
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STt

‘Black Box’
Flight Data Recorder

Crash Survivable Memory Unit

Power supply Crash Survivable

Memory Unit
(CSMU)

Underwater
locator beacon

Connection
to aircraft

Controller board
| 49.7cm |

Housing (steel armour)




First Search

* Use the global ocean forecast model to track the debris
reversely to determine where the plane probably was.

1. G-NCOM-Global Navy Coastal Ocean Model
2. US Navy Global Ocean Model (HYCOM)

3. French Atlantic Ocean Model (MERCATOR)
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Phase 3 International Modeling Group (Mercator, |OS Southampton,
CLS, Meteo France, Ifremer, UBrest, SHOM, INM Russia, Ecole

COM \I\II—Iﬁ!)
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Air France
Flight 447
Search
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Background and Requirement for Model Simulation

Background oceanic environment Requirement for model simulation

e « Accurate meteorological
/W s e forcing (winds, air-pressure ;

Equato; heat flux, etc)

Qunter CU”’ehfm-; 4 . N

 Resolve the meso-scale
variability of the sea surface
elevation (or Sea Surface
Height-SSH)

* Reproduce the surface mixed

. o layer
* In arange of the inter-tropic wind

convergence zone

 Near-surface currents varies significantly
with time and in space;



Difficulties for Modeling

1. We have no well-validated meteorological forcing conditions

1) Blended winds-from multi-satellite measurements
http://www.ncdc.noaa.qgov/oa/rsad/air-sea.html

2) NCEP reanalysis global winds (~ one degree)
https://dss.ucar.edu/datazone/dsszone/ds083.2/index.html

3) ECMWEF global winds

2. No high-resolution satellite-derived SST and SSH available in the local
region to resolve short-term and meso-scale variations

1) SST: ~8 km (but it is constructed from multi-day data)

2) SSH: ~every 7 days (do have daily date from March-June, 2009) and ~30 km
(http://www.aviso.oceanobs.com/en/data/products/sea-surface-height-products/)

3. No sufficient local data to validate the model



Blended

Location:

-30.96289W
4.01686N

Direction (Deg)

N B L B L B L B B B B B B
56 7 8 910111213 14151617
Time (days starting at 0:00 31 May 2009)

PO SR AP S R S S - PR SEPR S S -

21!]21!!!1!]!1"711‘!

1
78 9 10111213 14151617
Time (days starting at 0:00 31 May 2009)

21111'1173211114

i
I8 19 20

1.1,

T.-

Tl]!

I8 19 20

o
|



Ensemble Model Experiments using Global-FVCOM

Blended winds WRF/NECEP winds ECMWEF winds

winds, heat flux, | P-E, air-pressure

oceanic forcings

assimilation

Global FVCOM e
(5 km to 50 km) e
in the study area: 20-30 km Satellite SSH

assimilation
_ Local Domain FVCOM _ Satellite SST
(with fully current-wave coupling) Satellite SSH

(~10 km in the study area )

FVCOM-the unstructured grid, Finite-Volume Coastal Ocean Model
FVCOM-SWAVE-the unstructured grid SWAN (developed by the FVCOM team)
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Locations of the 2010 BEA surface drifter deployments (large circles),
the airplane last known position (LKP), a circle with a 40 nm radius
drawn around the LKP (yellow), and the GPS drifter tracks from June
3-21, 2010.
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Air France 447 - Phase 5
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Summary

It is challenge to integrate the global and coastal oceans for fully
understanding the impact of climate changes on the coastal
environment. The FVCOM model system provides such a tool to
resolve multi-scale physical and biological processes, with better
representation of volume and mass conservations;

The rapid development of oceanic modeling technology allows
us to convert research products to meet the application need for
the national interests, environmental protection, ocean rescues,
and disaster forecast.



