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THIS IS A NEW PRODUCT

This bulletin, prepared by Todd Spindler of the Environmental Modeling Center (EMC), describes a new ocean forecast system for the U.S. East Coast.  The system is based on the Hybrid Coordinate Ocean Model (HYCOM) developed at the University of Miami and produces a daily nowcast and forecast guidance out to 120 hours of water temperature, salinity, currents, mixed layer depth, and surface elevation for the Atlantic Ocean including the Gulf of Mexico and the Caribbean Sea from approximately 25 S to 75 N latitude. The spatial resolution of the model varies from approximately 17 km on the eastern side of the basin to about 5 km on the western side of the basin.  The vertical structure consists of 25 levels, 18 isopycnal (density‑following) and 7 z-level for the upper layers including the mixed layer.  Tidal forcing is included in the model.  The model uses air-sea fluxes which are derived from NCEP’s GFS mesoscale atmospheric forecast model.  Sea surface temperature (SST) and sea surface height anomalies (SSHA) from observational data are assimilated every day.

The RTOFS(Atlantic) will be implemented during the winter of 2005-2006.  The forecast guidance will be issued daily with an issuance time of approximately 0300 UTC.

NOAA Real-Time Ocean Forecasting System (Atlantic)

RTOFS(Atlantic)

Todd Spindler (EMC)

1.Introduction

The purpose of the NOAA Real-Time Forecast System (Atlantic) is to generate daily nowcasts  (i.e. analysis) and forecasts at 24 hour intervals out to 120 hours of ocean properties for the Atlantic Ocean including all of the coastal regions of the United States East and Gulf Coasts.  The development of RTOFS(Atlantic) was started due to a growing demand for high-resolution basin-wide ocean information as well as improved surface forecasts in coastal areas.  RTOFS(Atlantic) demand was recognized by the U.S. National Research Council which recommended that the nation establish an ``operational capability for nowcasting and forecasting currents, water temperatures and related fields to support coastal and offshore operations and management'' (National Research Council, 1989).  Development of  RTOFS(Atlantic) for the Atlantic, Caribbean and the Gulf of Mexico began in 2004.  

2. Description of RTOFS(Atlantic)

The RTOFS(Atlantic) domain covers a region from approximately 100oW to 20oE longitude and 25oS to 78oN latitude (see Fig. 1).  The coastal boundary corresponds to the 10 m isobath on the continental shelf. 

The basis of RTOFS(Atlantic) is HYCOM, a full-basin, eddy-resolving, 3-dimensional hydrodynamic, finite difference, ocean circulation model which has been developed by the Rosenstiel School of Marine and Atmospheric Science at the University of Miami.  The HYCOM model produces simulations of water temperatures, salinities, currents, mixed-layer depths and surface elevations.  The technical details of the HYCOM model can be found at the HYCOM Consortium web site (http://hycom.rsmas.miami.edu/).

  The model grid is defined as a 1/12o orthogonal projection  with a horizontal spatial resolution that varies from approximately 5 km in the western regions of the model grid to 17 km at the eastern side.  The model bathymetry is derived from the U.S. Navy's Digital Bathymetric Data Base five minute grid (DBDB‑5, National geophysical Data Center) and modified over the continental shelf with 15 second National Ocean Service bathymetry (NOS‑15).  See Fig. 2.

The model is driven at its upper boundary by heat, moisture and momentum fluxes  from NCEP's GFS mesoscale atmospheric forecast model.  The ocean model is driven along its three open boundaries by monthly climatological estimates of temperature and annual climatological estimates of salinity and transport.  Monthly climatological estimates of fresh water input are prescribed on the model coastal boundaries are derived from daily USGS data and RIVDIS climatology.  RTOFS(Atlantic) also includes astronomical tidal forcing along the open boundaries for tidal constituents and body forcing within the model domain.

At 24‑hour intervals, satellite altimeter data (surface height anomalies, SSHAs) are assimilated with an optimal interpolation based algorithm.  These data are input for correction of the model's sea surface height field and assimilation into the subsurface temperature and salinity fields by using correlation functions statistically derived from the model itself.  Data from the prior 10‑day orbital cycle are used in this analysis step.

RTOFS(Atlantic) assimilates SST data, in-situ and remotely sensed, for the most recent 24 hours.  First, the SST data are assimilated variationally into top layer ocean temperature and then is projected into the deep ocean by a mixed layer extrapolation scheme. 

3. Operational Procedure of Coastal Ocean Forecasting

The RTOFS(Atlantic) cycle is currently triggered from the GFS 0000 UTC cycle.

For a 24-hour period (model time) prior to the 0000 UTC valid time of the nowcast, satellite altimeter data is assimilated with an optimal interpolation based algorithm.  SSHAs derived from satellite altimeter data are provided by the NOAA Laboratory for Satellite Altimetry.  These data are input for correction of the model's sea surface height field and assimilation into the subsurface temperature and salinity fields using correlation functions statistically derived from the model itself.  

Sea surface temperature (SST), data from in‑situ and satellite observing platforms are assimilated into the updated fields from the first data assimilation step, in a nowcast/data assimilation cycle producing initial conditions for the forecasts.  In‑situ observations are from fixed and drifting buoys, C‑MAN stations, and ships. Remotely sensed observations are MCSST retrievals from the AVHRR sensor onboard the NOAA GOES orbiting satellites. Surface atmospheric forcing is obtained from 3‑hourly analyses of NCEP's GFS Data Assimilation System (GDAS).  

The forecast cycle generates ocean forecasts out to 120 hours at one hour intervals. 

4. Performance evaluation

The daily output is undergoing evaluation by forecasters from NCEP's Ocean Prediction Center in Camp Springs, MD.

The OPC has a requirement to delineate areas on their 24-hour wind/wave forecast graphics where local forecast conditions are expected to significantly deviate from the remainder of the forecast due to the presence of the Gulf Stream.  The RTOFS(Atlantic) model can assist the OPC in delineating those areas along the Gulf Stream’s north wall; the area most prone to extreme and rapid weather changes in unstable environments.

5. Products and Dissemination

RTOFS(Atlantic) products are three-dimensional fields of temperature, salinity and currents and two-dimensional fields of surface elevation and mixed layer depth.

 
Daily nowcasts and hourly 24‑ through 120-h forecasts valid at 0000 UTC on the native RTOFS(Atlantic) horizontal grid (instantaneous only), interpolated to 36 z-levels.  See Figs. 3-7.


Hourly surface fields on the native RTOFS(Atlantic) grid, produced during the 24-hour nowcast assimilation cycle prior to the 0000 UTC valid time of the nowcast.

 
Surface fields from the daily nowcasts valid at 0000 UTC interpolated to a series 

of lon/lat grids for the following subregions:  Atlantic, Gulf of Maine, Gulf of 

Mexico, and the Eastern Seaboard (Gulf Stream region). Variables interpolated to 
the lat/lon subregion grids are sea surface height, temperature, salinity and 

currents.

The native grid products are available in GRIB format at:


ftp://polar.ncep.noaa.gov/pub/ofs/operational/

ftp://ftpprd.ncep.noaa.gov/pub/data/nccf/com/ofs/prod/
The regridded surface fields and the native grid products are available through the NOAA Operational Model Archive Distribution System (NOMADS):


http://nomad5.ncep.noaa.gov/ncep_data/index.html

More information on the RTOFS(Atlantic) model as well as many examples of daily graphical products and links to the model data can be found at the RTOFS(Atlantic) web site (http://polar.ncep.noaa.gov/ofs).

6. References

National geophysical Data Center, 1985: Worldwide gridded bathymetry‑DBDB5 5‑minute latitude/longitude grid, data announcement 85‑MGG‑01, NOAA/NGDC, Boulder, Co.

National Research Council, 1989: Opportunities to Improve Marine Forecasting. Committee on Opportunities to Improve Marine Observations and Forecasting. Marine Board, Commission on Engineering and Technical Systems, National  Research Council, Washington, DC, 125 pp.

[image: image1.jpg]70
60
50
40
30
20
10

-10

-20

Grid size 1200x1684, A x (km)

-1000 -80 -60 -40 -20 0 20 40

Grid points (shown every 40 points)

60




Figure 1: RTOFS(Atlantic) 1/12o  Grid
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Figure 2: RTOFS(Atlantic) Bathymetry
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Figure 3: RTOFS(Atlantic) Sea Surface Temperature nowcast for November 30, 2005
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Figure 4: RTOFS(Atlantic) Sea Surface Height nowcast for November 30, 2005
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Figure 5: RTOFS(Atlantic) Salinity nowcast for November 30, 2005
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Figure 6: RTOFS(Atlantic) Mixed Layer Depth nowcast for November 30, 2005
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Figure 7: RTOFS(Atlantic) Surface Currents nowcast for November 30, 2005 for a subregion of the full model domain, showing the detail in for the Gulf Stream region and the Gulf of Mexico.
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