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ABSTRACT

The Coastal Ocean Modeling Framework (COMF) is an end-to-end set of standards and tools for
NOAA National Ocean Service’s (NOS) operational hydrodynamic forecast models. These models
are created by Coast Survey Development Laboratory (CSDL) and run in the Center for
Operational Oceanographic Products and Services (CO-OPS) operational environment. The usage
of COMF by all NOAA/NOS operational models will allow a multiplicity of models to be
maintained in an efficient and robust manner. The framework consists of standards and
implementation of the standards for methods to read a variety of data sources to run a real-time
modeling forecast system. The set of middleware provides a common look to all the data sources so
that models can be easily developed, maintained and enhanced in the future. By standardizing
operational models, great efficiency is achieved in building and testing. This should allow NOS to
develop and implement forecast models, faster and of higher quality.

Key words: Operational nowcast/forecast systems, hydrodynamic forecast models, database
reader, research to operation transitions, middleware, HYDRONetCDF, Oceanographic model,
short-time forecast guidance
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1. INTRODUCTION

NOAA and NOS have the mission and mandates to provide comprehensive coverage of predictions
and information to support navigation and coastal needs' 23 To support this mission, NOS
develops and maintains hydrodynamic model-based Operational Forecast Systems (OFS) for sea
ports, estuaries, Great Lakes, and coastal water bodies, which together with NOAA’s operational
oceanographic capabilities form a national backbone of real-time data, tidal predictions, data
management, and operational modeling. Critical factors that will enable NOS to successfully meet
this requirement for OFS are: focused research resulting in validated enhancements; cost and time
efficient development and production; and robust and reliable operations. The integrated solution
to these collective needs is NOS’s Coastal Ocean Modeling Framework (COMF).

1.1 What is COMF?

The Coastal Ocean Modeling Framework (COMF) is a set of standards and tools for developing
and maintaining NOS’s hydrodynamic model-based Operational Forecast Systems. The goal of
COMEF is to provide a comprehensive software infrastructure to increase ease of use, performance,
portability, interoperability, and reuse in forecast models applied to models of estuaries, coast
ocean and the Great Lakes and to provide a common interface to other NOAA (e.g. Earth System
Modeling Framework — ESMF) and extramural partners and stakeholders. COMF provides a
software framework for individual scientists, model production, and the critical operational
environment. COMF is an absolute necessity for NOS to successfully support NOAA’s mission
goals and become a leader in estuarine and coastal modeling.

The net effect of COMF will be increased time-and-cost efficiency for forecast system
development and production, combined with increased reliability for operations and maintenance.
Best methods have, and will continue to be infused seamlessly into the standardized COMF
components, enabling the community sharing of validated improvements and the minimizing of
redundant parallel efforts.

All model forecast systems developed and produced for transfer to NOS operational status will be
standardized within COMF. This will be accomplished by providing standard tools to perform as
many of the modeling tasks as possible. An operational forecast system consists of a numerical
hydrodynamic model code to calculate water levels, currents, water temperature and salinity. In
addition, it includes code to access data sources and reformat the data for ingestion to the model
code. Finally, output files from the model run are generated, disseminated and plotted for web
pages. The data access task is always more difficult than the oceanographer anticipates and has
historically resulted in excessive development times. It is also the weakest part of the operational
model system as it is prone to errors, often breaks down due to changes in external data bases and
requires continual maintenance in the operational environment. As the number of modeling systems
increase, the development and maintenance cost of multiple versions of these systems becomes

! Section 883b of the Coast and Geodetic Survey Act of 1947 (33 U.S.C. 883a-i)

* Hydrographic Services Improvement Act of 1998 (33 U.S.C. 892 et seq.)

3 Section 204(a)(2) of the High Performance Computing and Communication Act of 1991 (P.L. 102-994, 15 U.S.C.
55015528)



prohibitive. The COMF solves most of these problems by providing a complete suite of
"middleware" between the databases and the models, and by enforcing standards for the operational
models used by NOAA. In addition, standards are created to unify the output of the models so that
only one set of products, graphics and web page programs are maintained.

The COMF is comprised of a collection of middleware that ensures uniform methods are used for
all operational models to access data sources and produce outputs. The COMF components are
composed of UNIX scripts (Bourne shell), FORTRAN programs, PERL scripts, and IDL for
graphics. The new systems will consist of ten logically and simply defined modules which will be
found in each model main script. Throughout this document an example of the Chesapeake Bay
Operational Forecast System (CBOFS) main script, MAIN CBOFS.sh (Appendix D) is used to
demonstrate the usage of the modules and other scripting techniques.

1.2 Overview of COMF Modules for Operational Forecast Systems

The operational forecast systems are computer code which controls the timing, acquisition of data,
running of the models, generation of site specific output, generation of graphics and dissemination
of results via a web interface. In COMF, most of these capabilities are transparent to the model
developer. The primary interface for each modeler is via a main shell script which runs
automatically many times a day. The main shell run script (MAIN **QFS.sh) consists of ten
sections or modules. The sequential execution of these ten modules makes one full run cycle of the
model.

Module 0: Set Environment variables for directories
Module 1: Computer system tests
Module 2: Create the start and stop times

Module 3: Get data
The series of programs pull the necessary external data off the various databases and make it

available to the model.

Module 4: Reformat data

The series of programs to reformat the standard data into specific formats should be model
independent. A set of standard formats (NetCDF) should be developed and used for all model input
sources.

Module 5: Run the hydrodynamic model

The specific model code (Princeton Ocean Model (POM), Regional Ocean Modeling System
(ROMS), Quoddy, Elcirc, etc.) is run. An alteration to the specific model code will be the usage of
our standardized output methods to create the HY DRONetCDF files.



Module 6: Archive the data
The primary archive product will be the HYDRONetCDF output files. And others may be archived
as well.

Module 7: Make the graphics
Standardized plotting programs will run on the standard HYDRONetCDF output files to create
graphics which will be sent to standardized web pages for display by CO-OPS.

Module 8: Make the CORMS FLAGS
Standardized methods to monitor the flow of data through the model are used by the CO-OPS
Continuous Operational Real-time Monitoring System (CORMS) group.

Module 9: Purge old files
Standardized script with an associated control file is used to routinely purge various file types. Old
model archive and log files will be removed to conserve disk space.

The multiple modules give form and standardization to the operational forecast systems and
simplify their creation. Of the module components of COMF the most significant and probably the
most complicated is the unified data access methods, known as the Operational Quality Control
System (OQCS). Unified data access is accomplished by providing a complete collection of data
access tools which have been designed and tested to grab data from just a few sources. They
provide the minimal forcing data set for our models of water level, wind, river discharge, salinity
and temperature. These are obtained from the National Water Level Observation Network
(NWLON) or Physical Oceanographic Real-Time System (PORTS) stations and a few other data
sources, US Geological Survey (USGS) rivers, and National Data Buoy Center (NDBC) Coastal-
Marine Automated Network (C-MAN) stations. NOAA forecast model guidance from North
American Mesoscale meteorology model (NAM) and Extra Tropical Storm Surge (ETSS) models
are also accessed with the same routines. Future models will only use these tools and all database
management, calibration issues, quality control, CORMS flag generation and reformatting will be
removed from the modeler's burden, allowing them to focus more efficiently on model application
and validation.

1.3 The Future

COMF will be a dynamic framework that will infuse seamlessly validated enhancements and new
techniques as standardized components. All enhancements will be required to pass rigorous testing
and validation, and will be added to COMF using configuration management software. Formal
version upgrades are targeted for release on an approximately annual schedule. There will be
compromises and limitations placed upon the modelers and their development choices. But by
careful design we can limit these and make the payoff in efficiency and quality well worth any
initial inconveniences.





















































































































































































































































































































































































































echo " Get CBBT water level for outer forcing"

# use the last wlcbbt.dat file to assure no jumps in water levelforcing

WLQCF.sh 8638863 NWLON "$time_hotstart" "$time_nowcastend" 0.10 wlcbt dat
wlcbbtHOTSTART.dat > $MODELLOGDIR/WLQCF.log

echo "Get CBBT wind and TPLM2 wind for forcing”

WL..QCF.sh "TPLM2" NDBC "S$time_hotstart” "$time_nowcastend” 0.10 wit  plm.dat >
$SMODELLOGDIR/WINDQCFl.log
WINDQCF.sh 8638863 NWLON "$time_hotstart" “$time_nowcastend" 0.10 w  Icbbt.dat >
$MODELLOGDIR/WL...QCF2.log

echo "Get Rivers Climatological”
¢p SMODELINFO/rivers.met SMODELWORKY/.

HBEHBHBHBHAHBHAHRURHBHRAAHAH BB AR RAHRHREA
# Module 4 Reformar data for NOWCAST
HARBBEABARHHAHABERRRABRABHBHRBRGHHARHHAY

# translare wicbbi.dar mibw,  obs, non-tidal, ridal

#2003 122 0 00 0.2140 0.0270 0.1870

#2003 122 0 6 0 0.2320 0.0240 0.2080

# scale tidal component with amp, phase shift

# Phase shift of -0.0118056 days = -17min

# then convert non-tidal mlhy 1o msl - 442,

# finally add back the amplitude corrected tide 1.134

# alternative methods ($8-.442)+(39%1.134) or 1.134%($8+3$9-.441)

# and format year. yearday. wi

# data/gentide_now.out

#2003 21.988194 -0.202942

#2003 21.992361 -0.182128

#

awk [ print $1 7" $2 " " $3" " $4 " $5-17 " " ($84($9-.442)F1.134) '\
wicbbt.dat | gre ~¢day.x > ntidr —“ow.out

if test -s  :ntide_now.out ; then CORMSPERCENT=100 ; else CORMSPERCENT=0 ; fi
echo "GENTIDE NOW "$CORMSPERCENT >> $CORMSLOG

# use genwind_2obsoqges to convert windtplm.dat windcbbt.dat to data/genwin - NOW.out
# NOWcehbbt.mer, NOWiplm.mer > genwind _2obsB.x > genwind_now.out

# Needs 10 use yvdavs

cat windcbbt.dat | greg2yday.x >SNOWcbbt.met

cat windtplm.dat | greg2yday.x >NOWtplm.met
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HEH AR A

# Build genwind.inpur and execute genwind_20bsogcs.x

HHA A

echo "Start genwind_2obsoqcs.x”

# And make sure its long enough bv ending 4 hours later (3+3/24 =.25)
diffdate="datemath $time_nowcastend - $time_hotstart °
Zlengthdays="ccho $diffdate | awk '{ print $3 + $4/24 + 0.25 }"

genwind_2obsoqcs.x <<EOD > $SMODELLOGDIR/genwindnow.log
“dateformat $time_hotstart "% Y™

“dateformat $time_hotstart "%j""

“dateformat $time_hotstart "%H™

$Zlengthdays

NOWcbbt.met

NOWtplm.met

EOD

if test -s gen2obs.outla ; then CORMSPERCENT=100 ; else CORMSPERCE =0 ; fi
echo "GE.../IND NOW "$CORMSPERCENT >> $CORMSLOG

mv gen2obs.outla SMODELWORK/genwind_now.out

HBRBHRBBHARBHAHRBHARAEHRARB AR RRABHABABHRHSH
# Module 5 Run Mecca for Nowcast
HERKRRARBRBHBHABHBHRI R RBRAR ARG HABHABHRBHRAH

i g

# b JCA RUN

HHA AR TR A AR R R A

# Change the now.con.template input file with the variables

# Uses local work directory

#in files: fullbav2ic.geo gentide_now.out genwind_now.out rivers.met HOTS — RT.DAT
# outfiles:now.prn now.wl.out nowlFIN.DAT wi_idl.now.out wn_idl.now.out

R R R R TR A R R R R A

diffdate="datemath $time_now - $time_hotstart *
hourslength="echo $diffdate | awk '{ print $3*24+$4+35/60}"
ZY="dateformat $time_hotstart "%Y"™
ZM="dateformat $time_hotstart "%m"™

dateformat Stime_hotstart "%d"™
ZH="dateformat $tim~ hotstart "G%H"
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