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The Coastal Ocean

* 8% of surface of World Ocean
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Continental shelf carbon cycle

 Globally, river inputis ~0.8 PgC yrt,
comparable to the natural flux of _CQ_Z- from ——

the shelf ocean to the atmospt




Fisheries:
Help the managers, not just the fishermen

o I\/Ianagement practlces can alter ecosystem . __q__;;:_: e

— Georges Bank ground-fish closedareas have ard T"d sca |
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Fisheries:
Help the managers, not just the fishermen




River runoff and human pollution

Coastal ocean is a filter for nutrients and sediments from
rivers and atmosphere

— majority are re-mineralized with little export to the deep ocean

On U.S. East Coast, the dlscharge of many riversis
modified in estuaries = ——
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June 4, 2000
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* Nutrients, carbon, pollutants enter coastal waters and are
transported and transformed while resident in shelf waters

o Shelf-sea/deep-ocean exchange affects shelf reS|dence |
tlmes and supplles nutrlents to th&shelf ecos:__' tem *=-
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Coastal Observatories




Coastal Observatories

* The “research mode” expeditionary approach
encouraged experiments deS|gned totest
specific hypotheses =

But hew de we gapn.tre“




Long-term Ecosystem Observatory (LEO)

EO-15 Research Stations|J -
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Optlcal profiler deployed on LEO-15 guest port
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LEO Coastal Predictive Skill Experiments

Operational Experimental 6-km
Experimental |Low-Res COAMPS|| High-Res COAMPS | e
High-Res RAMS| Atmospheric Atmospheric vy ey _% —
Atmospheric Model Model e

Ocean Model 3-day ocean

forecast briefing

S KPPandMY25 =
) — for planning ship
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- Bottom Boundary
Layer Model



Ard-order upstresm advecticn
Consarvative time-stepping
Pressure gradient / splinea
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Seafloor temperature at cross-shelf line through the center of LEO

(a) Observed (b) No assimilation (c) Melding
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Sun., Jul 22, 00:00 GMT, 2001
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Average Surface Currents (2002-2003)

Raw Summer AYG 2002-2003
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Temperature

Slocum Autonomous
Glider — Webb Research

Salinity
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MVCO: Martha’s Vineyard Coastal Observatory
and CBLAST
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CBLAST:
Coupled Boundary Layers and Air-Sea Transfer

The ONR CBLAST-Low program focuses on air-sea interaction and
coupled atmosphere/ocean boundary layer dynamics at low wind

speeds where processes are strongly modUIated by thermal forcing.




Improve Flux Parameterizations
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Improve Flux Parameterizations
t=p Cy AU?

Stability Corrected Drag Coefficient
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CBLAST AIr-Sea Interaction Tower
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CBLAST-Low Observing System 2002:
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The Regional Ocean Modeling System (ROMS) has been
configured for a region of the southeastern New England
shelf encompassing the CBLAST observation area

Purpose:

Obtain model hind-cast of summertime oceah:cdhzc_iﬁ_i:dn'sﬂ%f

budget on diurnal to severai day tlme’scales,;:anﬁ_-;}__gﬂﬁ =

— — _.---




The Regional Ocean Modeling System (ROMS) has been
configured for a region of the southeastern New England
shelf encompassing the CBLAST observation area

Motivation (1)
Model evaluation:

Compare model heat budget to observatlons




Motivation (2)

Observational data analysis: = —
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Surface forcing:

COAMPS CBLAST, 3km, 91x91
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Tidal elevation and depth-average velocity are imposed at the ROMS
domain open boundar

=71

M, tide displacement ellipses from ADCIRC
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ROMS model attributes

Split-explicit, free-surface, hydrostatic, primitive equation
model

Generalized, terrain-following vertical coordinates and
orthogonal curvilinear, horizontal coordinates, Arakawa C-grid

3rd-order upstreami-iyiased acietiomgion mod

Generalized, terrain-following vertical coordinates and orthogonal
curvilinear, horizontal coordinates, Arakawa C-grid

3d-order prediciQr/carreciortime-stepping; weughatedi@ﬂpp__}
averaging Tge We@dﬁwgrgwﬁwimd e-splittir
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Frequently Asked Questions About ROMS

This document contains answers to some of the most frequently asked questions on the ROMS mailing list
sent to roms@imcos rutgers edu.

Authorization Form

General

o YWhat s ROMS?

o YWho developed ROMSY

o How do | get the ROMS code and its associated software?

« YWhat iz new in the ROMS 1.0 beta releases?

+ |z there a mailing list for ROMS discussions and guestions?

« YWho else uses HOMS?

« YWhat are some references for ROMS?

» |5 there a manual describing how to use ROMS and its associated software”?

Job Opportunities

Preprints

Flatforms and Fortability

Journals

Printer Format « YWhat does ROMS run on?
59909 Howi to run EOMS in serial mode?
Howy to run HOMS in parallel shared-memaory computers?
Iz there an MFI version of ROMSY
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General Information
Three-Dimensional models

Atmosphere
Data Sources . . i . ]
Models There are at present within the field of ocean general circulation modeling four classes of humerical

WU VYRAM T

[ models which have achieved a significant level of community management and invelvement,
Ocean including shared community development, regular user interaction, and ready availability of
:1'"::;:“":“ software and documentation via the World Wide Web. These four classes are loosely characterized -
T — by their respective approaches to spatial discretization (finite difference, finite element, finite
External volume) and vertical coordinate treatment (geopotential, isopycnic, sigma, hybrid).

Products

Test Problems The earliest class of ocean models, and still the most widely applied, was pioneered by Kirk Bryan

Services and his colleagues at GFDL utilizing low-order finite difference techniques applied to the oceanic
Bulletin Board primitive equations written in geopotential (z-based) coordinates. At present, variations on this first
e Rl OGCM are in place at Harvard (Harvard Ocean Prediction System, HOPS), GFDL (Modular Ocean
News Model, MOM (MOIJ), the Los Alamos National Lab (Parallel Ocean Program, FOF), the National

Resources Center for Atmospheric Research (NCAR Community Ocean Model, NCOM), and other institutions. A
Journals set of geopotential models based upon a structured, finite velume disctretization has also been

P.
e developed at MIT (MITgcm).

Needed Software

SS——— During the 1970's, two competing approaches to vertical discretization and coordinate treatment
Printer Format made their way into ocean modeling. These alternatives were based respectively on vertical
discretization in immiscible layers ("layered” models) and on terrainfollowing vertical coordinates
("sigma" coordinate models). In keeping with 1970's-style thinking on algorithms, both these model
classes used (and, by and large, continue to use) low-order finite difference schemes similar to
those employed in the geopotential coordinate models.




Subgridscale parameterizations

 Horizontal mixing of tracers along level, geopotential, isopycnic surfaces

» Transverse, isotropic stress tensor for momentum

Vertical turbulence closure options

- Mellor-Yamada level 2.5

- k-profile parameterization (KPP) surface and bettom clasﬂ__!_ =

scheme (Large et al., 1994, Durskhe*t%ﬂ 200‘r) s "
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Validation

 Example: Compare model to moorlng
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temperature time series “ 2




Mooring
-

F

-5

L
=

depth (m)

11
.1 CBLAST-2002 017 MY25« l

depth (m)
=

O
%8
o

07

o~

Q




11
.1 CBLAST-2002 017 MY25

depth (m)

depth (m)
=




N | e
1 CBLAST-2002 018 KPP di —
-5
< -10 - —
[a R ;
L*]
=

e _ -15

depth (m)
=




0 | | I

CB T-2002‘nl19 GLS k-

depth (m)

depth (m)
=




file: M:\roms‘\chlast\out/2002-017favg\_cblast2002\_017\_0059.nc
TEMP - Day 573.9375 - Depth 3 m - Date 28-Jul-2002 22:30:00
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Using models for understanding regional ocean
processes, or ...

Never mind the forecast ...

let’s learn something about the ocean




Southwest of Martha'’s Vineyard, and within Vineyard Sound,
winds drive eastward depth averaged flow.

Winds only
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The open boundary climatology imposes a south and westward
flow from the Gulf of Maine, through Great South Channel and

around Nantucket Shoals.

Climatology, winds, NO tides =
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Put it all together and you get:

Temperature and velocity - July 2002 mean - Depth5m
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Air-sea flux (Q,) IS greatest east of Vineyard Sound where
SST is cold, but is largely balanced by divergence due to
tidal mixing.
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Ocean temperature increase (storage) is largest south of
The Islands, primarily due to surface heating.

e %

1 July
2

=71 708 /06

40.9




Horizontal divergence is small in the region of the B-C ASIMET
moorings - indicating a region of approximate 1-D vertical heat
balance suited to evaluating ROMS vertical turbulence closures.

Divergence V.(uT)
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Time mean advection cools the box at, on average, 200 W/m?,
The net “eddy” divergence <u’T’> warms the MVCO region at

about 50 W/m?Z,

Temperature and velocity — July 2002 mean - Depth 5 m .
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Time series of the heat budget in a box near MVCO shows half the
air-sea flux goes to warming the water column, and half is
removed by lateral divergence.
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OK, OK, if you insist | will make
a forecast ...

But, if | don’t know whether ithas =
any skill, is it worth doing?
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Forecast drifter trajectories for cycle 2003082300
and 2.25 day mean surface temperature
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Satellite SST and ship track 425: f;: ;_-. -
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Pelican air temperature (°C)
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Temperature cross—section: 19-Aug-2003 22:30:00

Raw CTD data acquired
via Iridium from a
Slocum Glider transiting
between ASIT and
mooring-A. =

ASIT to Mooring-A section
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CBLAST:

Ocean modeling lessons.

—

« A high-resolution coastal model, carefully constructed, i |
intrinsic forecast skill without assimilation == '_

— =

leferlng vertical turbulence parametenzauons Iead




CBLAST:

Oceanography lessons:

- Tides affect the circulation and heat budget through reSIduaI
mean currents and vertical mixing i = e

Wind-driven upwelling circulation con%nbutes to the beeax'j ===
budget southwest offMarthargALmeya,rd"

— '--,
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The capability to simulate
regional dynamics at high
resolution has generated new
applications for the model

(= funding!)

- Processes controlling seasonal
~variability of metoplankton QV
= =the |rmeL she}i = = |

111U

—e— Synechococcus

—— Eukaryotes

Cells ml
[ ]

1 1 1 ﬂ
26-0ct 31-Oct 05-Nowv

Figure 7. Example of phytoplankton fime series
observations from a test deployment of FlowCytobot at
MVCO in 2002. Abundance and average cell volume
for the cyanobacteria genus Synechococcus and a group
of muxed taxonomy eukaryotic pico- and nano-
phytoplankton were separately quantified with hourly
resolution. Diel variations in cell size, which we have
used to quantify cell growth rates (Sosik et al. 2003), are
prominent for Synechococcus and large changes in
average cell size for eukaryotes (likely indicative of
spectes changes) occurred around 1 and 7 November in
conjunction with storm events.
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The capability to simulate
regional dynamics at high
resolution has generated new 41 4l
applications (=funding!)

Processes controlling seasonal 413
variability of phytoplankton over
the inner shelf -'_— ———
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LATTE &%

« Using NJSOS to study the transport and transformatlon
of the Hudson River plume

. NY/NJ Harbor dlscharges 4% sedlment Ieadmm. e
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Lagrangian studies of the transport, transformation and biological
impact of nutrients and contaminant metals in a buoyant plume:
A process study in an operational ocean observatory.
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June 11, 2000

Geyer and Fong = et — y s,
integrated mean salt flux = 4.23e-04 psu m/s - . =

integrated mean salt flux = 1.08e-04 psu m/s
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RU COOL Raw Velocities 2004/04/15 1600 GMT
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The major flow of the 2003 spring freshet peaked in
mid-April before the LATTE experlment began.

7410 T4:05 ¥4:00 7355 T3 5|:I 7345 T340 '.-"3:35 7330
Longitude (Degrees: Minutes




R/V Cape Hatteras _ R/V Connecticut

S
NIVERSITY PHYSICAL OCEANQG
=0T {¥YSICAL OCEANOGERAPHER




RUO2 — Hudson River Plume

29-Apr-2004 15:24:44 — 30-Apr-2004 04:27:30
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Chlorophyll-a from
OCM on May 4t 1700
GMT.

A plume of high

chlorophyll extends ~ _
southalong NJ coast, =~ =
and the old plume —= -
along Long Island’s
south shore



CODAR surface current, wind, ship & moaring salinity @ O0d-May-2004 12:13:00 GMT
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CODAR surface current, wind, ship & mooring salinity @ 05-May-2004 20:55:00 GMT
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Dots show location of the maximum dye
concentration every 2 hours.

4091

4081

The size of the dot is scaled by dye concentration
7 and its salinity is depicted by color.
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LATTE 2004 Salinity Cross-Sections: Hudson River Plume




Summary

* New technologies are expanding our ability to study
coastal processes by simultaneously observing
physics, geochemistry and ecology at resolutions _
suited to quantltatlve |nterd|SC|pI|nary anaIySJS = _1-_:

— : -Lﬂﬁg _Te | d repeat observe
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Coastal ocean forecasts complement the
operation of coastal observatories:

— Explore conceptual ideas and test hypotheses
» Process-oriented dynamic studies (e.g. idealized physics)
« Lagrangian pathways (Where did the water come from?)- o







NENA

* Northeast North America shelf model i
. Contlnental shelf nutrient and c]arbon
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1-way nested grid open boundary conditions

* Tracers and 3D momentum:
Clamped to interpolated values
from larger grid time snapshots

« 2D normal momentum: 5
Flather boundary condmons ==
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Mid Atlantic Bight (MAB)

50, 100, 200, 500
1000 m isobaths:
dashed lines
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1994 difference Run A-Run B
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Mean annual denitrification — 1994

Mean annual denltrlflcatlon
flux in MAB: _
mmofNJmZ"




« denitrification removes 60% of all N entering MAB

X 1019 mol N y1




« denitrification removes 60% of all N entering MAB

 remainder exported as PON
* inflow from north is mostly in form of DIN
* cross-isobath export of PON
« cross-isobath import of DIN '

Rivers: 1.8 - --------------- ......
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chlorophyll concentration — 30 June 1993 Slm u Iated
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Implications for C-cycle

Assume:

S -_‘—:gd

N supply to MAB |s matched by C supply in Redfleldfatlcr




Summary

* Nested bio-physical model within large scale
circulation model (boundary artlfacts’?)

+ Spatial variability in simulated surface chlorophyll —
agrees well with SeaWIFS, although some features- ;
are missing (e.g. GeorgesBank == —
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