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ajor strides have been made in

weather prediction over the past
30 years, yet equal advances in the
prediction of the state of the coastal
ocean have not occurred. The coastal
zone in the United States is under ever
increasing stress because of the
mounting pressures brought about by
the migration of population to coastal
areas. Protection of life and property,
environmentally sensible and produc-
tive use of coastal resources, and
maintenance of economic activities
such as marine commerce demand
major advances in our understanding
of the coastal ocean and in our ability
to observe this environment and to
predict its changes. Major storms, with
the attendant storm surges and high

loss and human suffering; hazardous
material spills can have severe impacts
on the local ecology and human
health: and disruptions in local sea
traffic due to bad weather, high seas.
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Coastal Ocean Forecasts

Real-Time Forecasts of Physical State of Water Level, :
3.D Currents, Temperature, Salinity for US East Coast

(NOS), National Weather Service
[NWS’s National Centers for Environ.
mental Prediction (NCEP)] and
Coastal Ocean Program, the US
Navy, and Princeton University. :

and fog can have a major impact on
the transportation industry. Thus,
information on the present and future
state of the coastal ocean is of critical
importance to the residents, industries,
and businesses in the nation’s coastal
zone. and to the management of
coastal resources.

_The Coastal Ocean Forecast System
(COFS) has been developed by "the
National Oceanic & Atmospheric
Administration (NOAA) to address
this problem. COFS takes advantage
of the state of the art in numerical
hydrodynamic modeling and the avail-
ability of remotely sensed and in sifu
observations to produce real-time
forecasts of coastal water levels and
three-dimensional currents, tempera-
ture, and salinity. COFS is the result of
the cooperative development between
NOAA’s National Ocean Service

System Description
COFS has been producing experi-
mental 24-hour simulations since
- August—}993--for'—waters.along.the‘Eus;,;__”
Coast of the United States! The sys-
tem consists of the Princeton Oceun
Model (POM)?, forced at the surface
by forecast surface fluxes of momen-
tum, heat, and moisture derived fromu
high-resolution atmospheric forecast
model. The POM uses a bottom-fol-
lowing sigma-coordinate vertical grid, :
a coastal-following curvilinear orthog
onal horizontal grid, and includes i
turbulence submodel to determine ver:

tical mixing3. The prognostic var

- waves, can inflict enormous economic

NOAACOASTALOCEANFORECASTSYSTEM o
24~h Water Elevation Simulation & Tide Gage Locations
valid; 0000 UTC March 25, 1997 _ )

e

Exampie of a COFS 24-hour surface elevation simulation for 25 March 1597. Ele“'?;
contours are expressed in meters (0.1-meter interval). The locations of 10 MOS 69
watar level gauges are indicated.
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/;Ii our Simulated & Observed Subtidal Water Levels
(October 1993 to September 1995)

Coasta! RMS Difference Correlation Ratio

Guation (meter) Coefficient Model: Observed
e : Standard Deviation
portlant 099 667 1.073
Newport .099 721 1.082

‘Sand‘, Hook .108 .809 1.058

- Atlantic w122 798 0.978

Lewis 110 801 0.969
Chesapeake 126 23 0,963 =
Duck 114 731 - 0.862
Springmaid 121 700 0.935

Pulaski 120 788 0.893
Augustine 120 128 0.792

Average 113 T47 0961

Note: Geographical locations representred by short titles of coastal
stations are Portland, Maine; Newport, Rhode Island; Sandy Hook,
New Jersey; Atlantic City, New Jersey; Lewis, Delaware; Chesa-
peake Bay Bridge Tunnel; Duck, North Carolina; Springmaid Pier,
1 Souih. Carolina;-Fort Pulaski, Georgia,. Saint Augustine, Flor

rida.

ables of the model are the free-surface
elevarion, potential temperature, salin-
ity (hence density), and velocities.
Astronomical tidal forcing along the
open boundaries for tidal constituents
and body forcing within the ocean
mode! domain are prescribed. A least-

nearshore to 20 kilometer offshore,
with 19 sigma levels in the vertical.
The domain extends from the Florida
Straits to Newfoundland and offshore
to 50° W. The model bathymetry is
based on the U.S. Navy DBDB-5
(Digital Bathymetric Data Base; 5

i
minute gridded), modified over the
continental shelf with the more accu-
rate NOS-15 (15 second gridded)
bathymetry. At the shoreward bound-
ary the model’s minimum depth is 10
meters. ‘The ocean model runs daily,
producing 24-hour simulations. Each
COFS simulation uses the previous
day’s 24-hour simulation to provide
initial conditions for the next model
run.

Coastal Water Level

Two years (October 1993 to Sep-
tember 1995) of comparisons between
24-hour simulated and observed subti-
dal (wind-driven) coastal water levels
at 10 NOS coastal water-level gauge
sites indicate an average root mean
square (RMS) difference of 11 cen-
timeters, a correlation coefficient of
0.75, and that the simulations repre-
sent over 95 percent of the observed

Observed (solid lines) and COFS 24-
hour simulated (dashed lines, called
cfs3.1b here) water levels at two loca-
tions (Springmaid Pier, South Carclina
and Atlantic City, New Jersey). Total
water level (left paneis) for 1-15 July

"1996°and subtidal (30-hour fow-pass il

tered) water level time series (right pan-
els) for 15 May-15 November 1996 are
shown. All the time series have been
demeaned over this six-month evalua-
tion period. Note the vertical scale
change from the left to right panels.
Noteworthy high-water events (storm
surge) occur about 12-13 July (Hurri-
cane Beriha), in late August to early
September (Hurricanes Edouard and
Fran), and 7-8 October (an exiratropical
storm). ;

Suines epiisiladonn eie WATER LEVEL (hourly) WATER LEVEL (low pass fiterad)
nique was devised to solve for
the boundary tidal forcing, 15 L
using observed tidal con- | posgrven ofs3.h 075  observed
stitients within the model 050
domain®, 05- b
The surface forcing consists | § oo P
of heat, moisture, and momen- | & ] 1 | / M
tum fluxes derived every three oI I} ' 3 11
hours from consecutive 24- i B
hour forecasts of NCEP's Eta 7] e | T ATCANTIE T
mesoscale model>. The Eta S e T T TS T
model has 29-kilometer reso- o L - Wt
lution in the horizontal and 38
levals in the vertical. At pre- = 3 l
sent, the coupling is one-way 14 bosgrvali cfs3.h 075+  gbserved cfs3.
(ineractive); i.e., the surface { \ ﬂ,} 98]
heit and momentum fluxes | O's_ﬁ J\! | \i R I A
are calculated from the Eta 10- | § o ‘ G_M’J\:.‘J‘Vﬁ fm\}\
meter atmospheric parameters | £ o] 1 l } i il ~ozs 7 i'm
and the POM sea-surface tem- ol ; §.1.4.1 & e vl
perature (SST). In its present. - iJ'; l ' i ] . .
Cf“ﬁgurﬂ[ion {he POM has SPRINGMAID PIER, 5C ' SPRINGMAID PIER, SC
‘l".',,'iZOI’l_t{'li I'ESO}thiOn that 71'5 ' 3 5 A 3 s 5 - g :.z:s ThamIevLATUNGLI N EDI I RE0L
viries from 10 kilometer e Y -
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subtidal variability (see table). Wind-
driven set-up and set-down events
along the coast are well represented in
the forecasts, although, depending on
the nature of the event, there still
remain some amplitude and phase dis-
crepancies. )

Tidal forcing was introduced into

the COFS system in May 1996. Total
(tide-plus-wind-forced) and subtidal
(30-hour low-pass filtered) water level
forecasts versus the observed water
levels are shown in two examples (at
Springmaid Pier, South Carolina and
Atlantic City, New Jersey). Six
months of experimental results indi-
cate that the tides improve the model
subtidal response at the coast by more
than 10 percent (i.e. lowers the RMS
difference with observations). Non-
linear interaction of the tide with the
wind-driven response in the shallow
coastal regions of the model domain
may account for this improvement, but
more tests are required to confirm this.

A number of numerical experiments
have been conducted to test the sensi-
tivity of these results to grid resolu-

.. tion,. bathymetry, model_physics,.and. ..

the forecast wind fields. The subtidal
water levels do not appear to be too
sensitive to any of these factors,

R AT LR LR R s D A

NOAA COASTAL OCEAN FORECAST SYST
24—h SST Simulation
Valid: 0000 UTC January 2, 1997

{  Temperature (C)

20 22 24

A COFS 24-hour SST simulation for 2 January 1997, which includes the assimilation gf

in situ and remotely sensed SST observations. The dots indicate the five-year mea;
Gulf Stream landward surface edge (e.g. North Wall).

although we are still investigating the
effects of refining the grid resolution
near the coast, where it may be an
important factor with respect to the
tidal fluctuations.
results indicate that the subtidal com-
ponent of the water level at the coasts

Rugged Splashproof Survey Solutm

Available packaged with a sp[ashpro' f
pentium, or interface with your own PC.

Homepage: http'IIknudseneng:neermg com
E-Mail: info@knudsenengineering.com
10 Industrial Road, Perth Ontario Canada K7H 3P2

‘ Phone 613 267 1165 Fax: 613 267- 7085
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4 description—of the
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CIRCLE NO. 7 ON INQUIRY CARD

is primarily dependent on the quality
of the forecast wind field. :

It was anticipated that beginning
each forecast cycle from a hindcast (o}

ple, the Eta analyzed wind fields,
would result in some improvements
from the present system, which uses
the previous day’s 24-hour simulation
as the initial condition. In fact, prelim-
inary experimental results indicate tha
the addition of a 24-hour nowcast
cycle does further improve the model

" riowcast) cdlculation using; for exam= T

sl e e B T e

subtidal response by about 20 percent. |

Once the operational data assimilation
cycle is introduced to the system.

COFS will be modified from a purely |
simulation cycle to nowcast/assimila- |

tion and forecast cycles.

Ongoing Development

Data assimilation. In order to pre- |

dict individual eddies,
currents, and frontal positions (eg

meandering |

associated with the Gulf Stream sys ;

tem), it is necessary to provide fre-

quent updates of the initial state of the |
ocean. This is accomplished by assim” |
ilating oceanic data into COF$. As @ |
first step, a data assimilation syctem is |

being developed and tested to assimi-
late surface and subsurface temperd-
ture observations into COFS. Latl

the system will be expanded to include |
satellite altimetry data to improve the |

structure®.
The system is based on two datt

subsurfact...

assimilation schemes. First, observet

temperatures are assimilated into the
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Lodel's 1P layer following the

_thod of Derber and Rosati’. A cor-
i ot

step- The correc'tlion fielld is det.era
ymed by an optimum mterpo]aupn
~heme (ramed as an equivalent varia-
ional p=‘3%)lem§. The functional has
\wo terms: One is a measure of the fit
of the corrected temperature field to
e model temperature field and the
other is 2 measure of the fit of the cor-
rected temperature field to the obser-
vations. The solution is a correction
field which balances information from
the observations and the model. Next,
surface temperature corrections are
rojected iinto the mixed layer foltow-
ing the method of Chalikov et al.?
Presently, an experimental version
of COFS is being tested at NCEP
which assimilates real-time in sifu and
remotely sensed SST observations.
The in sitk observations include
reporis from drifting and moored
buoys. The remotely sensed observa-
tions consist of multichannel SST
retrievals derived from measurements

sct

N T S —.t..from the Advanced.-Very High-Resolu- -

tion Radiometer on board NOAA’s
polar-orbiting satellites. The number
of retrievals in the COFS domain on a
particular day varies from approxi-
mately 1,000 to 6,000 observations. In
the future, the data used for assimila-
tion will also include subsurface tem-
peratures (i.e., expendable bathyther-
mographs). The data assimilation sys-
tem will form the basis of a COFS
nowcast/assimilation cycle to generate
@ daily three-dimensional nowcast.
This nowcast will then serve as the ini-
tial conditions for a daily 24-hour
CCFS forecast.

Ceastal Circulation. It is difficult to
obtain reliable estimates of surface
currents in the coastal ocean—the cir-
culation is especially complex because
of the importance of wind-driven
effects, tides, and frictional effects in

shailow waters. Thus, it is anticipated *

that there will be considerable interest
in the three-dimensional (3-D) flow
fields produced by COFS, particularly
on the continental shelf and closer to
the coast. Surface currents are needed
In coastal areas for: (1) search and res-
cue missions conducted by the Navy
and the Coast Guard; (2) determining
the fate of pollutants discharged into
the coastal ocean, including oil spills;
(3) estimating the distributions of
biota; and (4) optimum ship routing.
Information on the 3-D currents will
be of value for water-quality model-

ing, for examining the behavior of
fisheries, and for estimating transport
and resuspention of sediments.

One of the primary outputs of the
COFS is the 3-D field of motion. More
specifically, the horizontal and vertical
components of velocity are calculated
for every time step and at every grid
point in the model domain. Because
tidal forcing is included in COFS, both
instantaneous and daily-averaged val-
ues of the velocity components are
currently produced. To fully resolve
the semidiurnal tide along the U.S.

East Coast it may be necessary to sam-
ple the model output as frequently as
once per hour. An example (see figure)
shows the surface flow field produced
by COFS for the Gulf of Maine,
Georges Bank, and surrounding shelf
at 2100 Universal Time Coordinate
(UTC) on 1 March 1995. Relatively
strong flow over Georges Bank due to
the incoming tide is clearly indicated
and is in qualitative agreement with
observations in this area.

At the present time the surface cur-
rents for the top layer of the model are

~ " for énvironmental déta acquis
_® Industry-leading telemetry syste

5 NEWFOR 1997
WAVE, TIDE CURRENT METER

SDATEH

~ Falmouth Scientific, Inc.
1140 Rte 28A Cataumet MA 02534
tel 508-564-7640 :

fax 508-564-7643
fsi@falmouth.com

CIRCLE NO. 8 ON INQUIRY CARD

MAY 1997 / SEA TECHNOLOGY [/ 13




adjusted to a reference depth of one
meter. However, our definition of
“surface” may be unsatisfactory for
some applications. For example, an 0il
tanker with a draft of 15 meters would
clearly require information on currents
at a deeper level. On the other hand,
models which predict the distribution
and movement of oil spills require
information at the true ocean surface
to provide realistic initial conditions.
As COFS moves into the operational
arena, we plan to implement an option
which will allow users to select their
own surface depth. To accomplish
this, an appropriate scaling law will be
implemented.

The assimilation of cbserved sur-
face currents into ocean forecast mod-
els is a relatively new topic. The avail-
able data upon which to draw have
been sparse and the methodology for
assimilating this type of information
into models has not been perfected.
Based on developments in extracting
information on surface flow from
sequential satellite imagery, it is
presently possible to obtain estimates
of the surface circulation in coastal

data from the TOPEX/Poseidon satel-
lite is now also being used to extract

information on surface flow over the
Gulf Stream region. Together, these
new sources of data significantly
increase the amount of data available
for assimilation, and we have begun

..areas-on.a.regulac-basis!%. . Altimetry.....-investigating .methods.which.may. be.

suitable for assimilating such informa-
tion into COFS.
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COFS surface (top model layer) currents
and elevations for the Gulf of Maine ang
surrcunding area on 1 March 19985 3
2100 UTC. Curreni speeds and direg.
tions are indicated by the arrows with
the length of the arrow proportional fo

—....the speed. Maximum speeds. occour ovey.-. -

Georges Bank and can esceed 1
meter/second due to the incoming tide,
Surface elevation contours are
expressed in meters (0.1-meter inierval,
with the highest elevation occurring off-
shore (pink; greater than 0.2 metars) and
the lowest values occurring in the west
ern Guif of Maine (purple; less than -1.1
meter).

Lateral Boundary Conditions. On
the open-ocean model lateral bound:
aries, the most recent observations and
climatological estimates are used to
prescribe the fixed transport. annud
salinity, and monthly temperature
boundary conditions. However, climi-
tology is poorly-known at the scales
employed by COFS. An alternative is
to nest COFS within a global- of
basin-scale ocean model. Such a glob-
al ocean model, which is currenth
under development, will help o solve
the problem of specifying boundar
conditions along the open boundaries
of the COFS domain.

On the shoreward boundary, th
fresh water inputs from 1& majof
rivers, bays or sounds presently enté
the model domain and are based o
monthly climatology. This ciimatcl
ogy will eventually be replaced witl
daily observed river outflows a¥
daily NWS forecasts of river fiuxes-

Other Coastal and Regiona! Fort
cast Systems. The accuracy of U
near-coastal water levels from COF
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- sortant to NOS because this fore-
. IVI;linfor-;_mtion is required to force a
‘;lb1bel- of regional (estuarine) fore-
n:i systes at their coastal ocean
;oundﬂl'iesi,l' NOS has two regional
_.cpst systems - under development
o the U.S. East Coast—in the Chesa-
Ogakﬂ Bay and in the Port of New York
Eﬂd New Jersey. The quality of the
water level and current simulatiqns
qpd forecasts in both of these estuaries
is depencent upon the accuracy of the
open boundary conditions which
could be provided from a system like
COFS.

There are also regional forecast sys-
ems under development in Hous-
on/Galveston and Tampa Bay in the
Gulf of Mexico and in San Francisco
Bay on the U.S. West Coast. Thus, a
development effort is under way to
model the Gulf of Mexico, with the
expectation that this system will ulti-
mately be coupled with the East Coast
ocean model; COFS will then include
the U.5. East Coast and the Gulf of
Mexico. On the West Coast, the U.S.
Navy Fleet Numerical Meteorological

fore

-and.-Cceanographic. Center. is. working .. ...

on the development of a similar sys-
tem that is also based on the POM!2,
In the Great Lakes region, NOAA's
Great Lakes Environmental Research
Laboratory and Ohio State University
have developed the Great Lakes Fore-
casting System (GLFS)—a prototype
has been implemented for operational
use in Lake Erie!3. In many ways
GLFS has served as a model for the
COFS development effort.

Product Development and Infor-
maiion Dissemination. NWS and
NGS are currently engaged in an out-
reach effort to inform commercial,
government, and recreational marine
users, educators, and the general pub-
lic about COFS products. The out-
reach will involve a national work-
shop, continued development of the
CCFS World Wide Web (WWW) site,
and an on-line archive of model out-
put. The WWW site will be located at
http://polar.wwb.noaa.gov/cfs/cfsprod
html. Digital COFS output will be
available on-line for approximately
thice months via NOAA’s National
Oczanographic Data Center server.
The output will be stored in the World
Meieorological Organization’s GRId-
dec Binary (GRIB) format on both
sigma-model Jayers and at many stan-
dard apd supplemental depths. Soft-
Wware and instructions for decoding
GEIB files will be available from the
WNWW site. Eventually, COFS output

will be accessible via the NWS Fami-
ly of Services distribution network.
Finally, after the data assimilation
cycle is implemented in COFS, the
output will be made available to NWS
Weather Forecast Offices and NCEP’s
Marine Prediction Center for evalua-
tion. '
Summary ’
COFS is a first step in providing
real-time forecasts of the physical
state of the coastal ocean, in creating a
coherent utilization of many data

sources and in the transfer of tech-
niques from the research environment
to the operational environment. It is
also a step towards gaining parity with
atmospheric forecast systems and a
necessary first step in developing a
forecast capability for environmental
parameters associated with water qual-
ity and biochemical processes. /st/
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