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EXECUTIVE SUMMARY

Existing meteorological observation and modeling systems for Prince William Sound
(PWS) and the Northern Gulf of Alaska (NGOA) face many challenges as changes in
vessel traffic patterns, increases in recreational and commercial vessel usage, and
technological advances create new and evolving information needs for meteorological
observation and modeling systems.  In December 2000, the principal users and providers
of PWS meteorological and oceanographic observations and modeling were invited to
participate in a two and a half-day workshop in Anchorage, Alaska.

The workshop, organized by the Prince William Sound Science Center’s Oil Spill
Recovery Institute, focused on defining a new program for comprehensive, real-time
meteorological observations and modeling that will address existing and anticipated
information needs.  These proceedings summarize the outcome of the Prince William
Sound Meteorological Workshop.  They include a ten-year strategy for implementing the
necessary changes and improvements to existing observations systems and for advancing
real-time meteorological and oceanographic information for the PWS/NGOA region.

Workshop presentations were organized into four sessions.  During Sessions I and II, a
series of papers were presented by leading research scientists, operational and research
meteorologists, and government agency representatives.  Extended abstracts for each of
these presentations is included in Tab 3 of these proceedings.  Session II also included a
discussion of the types of information required by federal and state government agencies,
private industry, community and stakeholder groups, and research scientists.  The user
requirements identified during Session II provided a starting point for discussions during
workshop Sessions III and IV.  During Session III, four work groups were formed and
tasked with expanding upon the initial user requirement lists and identifying proposed
upgrades to PWS observation and forecasting systems.  Finally, during Session IV, the
conclusions of each of the four work groups were reviewed and a ten-year action plan
and implementation strategy was outlined.

The Ten-Year Strategic Plan, which is included as Tab 1 in these proceedings, represents
a synthesis of the content and conclusions of the four workshop sessions and reflects the
consensus views expressed by workshop participants.  The ten-year plan builds on the
observations and assumptions that came out of the work group reports, which are
reprinted in their entirety in Tab 4.  This strategic plan is meant to provide a plan of
action and a timetable for accomplishing the stated goals of the PWS Meteorological
Workshop.  The successful implementation of this plan will require the ongoing
commitment and efforts of the workshop steering committee, sponsors, and participating
individuals and organizations.
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 PRINCE WILLIAM SOUND METEOROLOGICAL WORKSHOP:
A TEN-YEAR STRATEGIC PLAN

INTRODUCTION

The Greater Prince William Sound region has spectacular geomorphology, vast mineral
reserves, high biological productivity and diversity and a rich mixture of native and
pioneering culture.  Historically, the region has supported major commercial fisheries, oil
transportation, timber harvesting, and tourism and mining operations.  All of these
operations involve vessel transportation so are in some way dependent upon marine
conditions.  Today, the increasing volumes of vessel traffic due to the Whittier Road, the
advent of new high-speed ferries, the development of new oil spill prevention and
response technologies and the efforts to better understand the response of populations to
climate change create the need for improved meteorological-oceanographic observation
and modeling systems.

Existing meteorological observation and modeling systems for Prince William Sound
(PWS) and the Northern Gulf of Alaska (NGOA) are sparse and there are significant gaps
in coverage.  For example, currently there are no weather stations along the entire
western passage, which was the trajectory of the 1989 oil spill.  Recognizing the need, the
principal users and providers of PWS meteorological observations were invited to a
workshop in Anchorage, Alaska to define a new program for comprehensive, real-time
meteorological observation and modeling that will anticipate and meet information needs
for the next ten years.  Participants from the following interests were represented at the
workshop:

• Oil transportation,
• Fishing operations,
• Small vessel operators,
• Marine and atmospheric research scientists,
• Natural resource managers,
• Transportation regulators,
• Operational meteorologists, and
• The general public.

The workshop included speaker presentations on the current status of meteorological-
oceanographic observations and information products in PWS and nearby, and methods
available for improving observations in PWS.  Four workgroups developed reports
outlining user requirements and proposed upgrades to existing meteorological
observation and forecasting systems in PWS and NGOA.  These reports provided the
foundation for this ten-year strategic plan.

The following plan presents an approach to implementing the necessary changes and
improvements to existing observation systems and presents the rationale and options for
advancing real-time meteorological and oceanographic information for PWS.
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CURRENT STATE OF KNOWLEDGE

The meteorological monitoring and forecasting systems currently in place in PWS
include the National Data Buoy Center (NDBC) buoy network, C-MAN (Coastal Marine
Automated Network) stations, and various private observation systems.  Figure 1
identifies the location and type of meteorological stations currently in place in the PWS
region.  Figure 2 identifies PWS and NGOA oceanographic stations.  While there are a
number of meteorological and oceanographic stations already in operation, there is no
oversight entity or program to integrate and coordinate the data collected through these
systems, nor to plan their evolution.

The following weaknesses in the present meteorological and other real-time observing
systems were identified:

• Communication gaps among the various monitoring and forecast systems;
• Gaps in the types and quality of data collected;
• Lack of timeliness of data transfer;
• Lack of standards in how measurements are taken; and
• Lack of standards to promote inter-operability among systems.

 INFORMATION AND DATA NEEDS

During the December workshop, participants were divided into four work groups and
charged with summarizing information and data needs for research and non-research
users, and with identifying proposed upgrades to real-time observing systems.

 

First, the work groups focused on identifying use requirements within both the research
and non-research communities.  User group lists were developed, and corresponding
information needs for each group were described.  Once these user requirements had been
established, the Work Groups developed and prioritized a list of critical locations for
collecting meteorological and oceanographic information.  These critical locations and
the types of information to be collected at each site are identified in the map in Figure 3.
The map in Figure 4 identifies data collection buoys proposed for the NGOA for needs
outside of the topic of this workshop.

To address the user requirements within the research community, work group participants
advocated designing and planning a systematic sequence of Intensive Observing Period
(IOP) experiments where the benefits of increased observations could be assessed in the
research mode prior to committing to expensive observations on a routine basis.  The
proposed implementation schedule for this endeavor calls for design, planning, and
testing phases throughout 2001 and 2002, followed by one IOP testing cycle per year
from 2003 through 2006.  Each annual testing cycle would focus on one season,
beginning with summer in 2003 and concluding with spring in 2006.

PROPOSED SYSTEM UPGRADES

In identifying and prioritizing system upgrades, work group participants first sought to
describe existing meteorological and oceanographic observing systems and
nowcast/forecast systems.  Presently, there are two types of meteorological observing
stations in PWS/NGOA.  Water stations consist of National Data Buoy Center (NDBC)
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buoys, while land stations consist of Coastal Marine Automated Network (C-MAN)
stations.  Meteorological nowcast/forecast systems rely on hourly surface observations
from buoys, C-MAN and other meteorological stations; ship observations at 6 hour
intervals; pilot reports and ACARS data from aircraft at irregular intervals; doppler radar
data from Middleton Island; cloud distributions from satellite; and occasional remotely-
sensed surface winds over the northern Gulf from satellite.  Oceanographic
nowcast/forecast data are limited to regular real-time observations of sea level from tide
gauges, and SST and waves from buoys, and much less frequent altimetry, SST and wave
information from satellites.  Ocean forecasting is limited to tidal predictions.

Work group participants determined that the installation of a PORTS system in PWS
would best improve upon existing meteorological observing systems and ensure required
sensors and monitoring systems are installed.  Once the PORTS request is initiated, the
following improvements and upgrades are of equal priority:

• Install ADCP current meters at the mouth of Orca Bay and Hinchinbrook
Entrance.

• Increase back-up communications on buoys.
• Upgrade Applegate Rocks to operational status.
• Install wave gauge on the Bligh Reef C-MAN station.
• Install water quality sensors throughout existing and proposed stations.
• Integrate Cordova shoreside station into real-time network.
• Secure local-level training for operations and maintenance of all existing systems

and system upgrades.

Recommended upgrades to PWS/NGOA nowcast and forecast systems include:

• Utilize improved meteorological observations.
• Perform high-resolution NWP model runs on an operational basis.
• Utilize improved oceanographic observations.
• Run real-time oceanographic prediction models.
• Install mobile observing platforms.
• Dedicate separate PWS forecast office/group.
• Implement ongoing research program.
• Develop and invest in a sophisticated information system.

While the group did not establish a schedule for these upgrades, they recommended that
the proposed upgrades be prioritized as follows:

1. Additional surface meteorological observations (winds, air temperature, pressure).
2. Sub-surface ocean observations (temperature, salinity, possibly currents) from

moorings or AUVs.
3. Higher-resolution NWP model output on an operational basis.
4. Atmospheric soundings (balloon or wind profiler) in PWS.
5. Real-time oceanographic model predictions.

PWS CONSORTIUM

 To realize the proposed system upgrades and meet the information and data needs
identified by workshop participants, a PWS Consortium will be organized to promote an
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integrated meteorological and oceanographic observational network (and, eventually, an
integrated information management system) for PWS and NGOA.  The OSRI will take
the lead in developing the Memoranda of Understanding (MOU) among its members.
Membership in the consortium is intended to be inclusive for all organizations willing to
contribute, but the initial negotiations will be between the workshop sponsors: OSRI,
PWSSC, PWSRCAC, EVOSTC, NWS, ADOT/PF and USCG Steering Committees.  The
MOU will establish a framework providing for sponsor, technical operations and research
and development oversight.

The establishment of a Physical Oceanography Real-Time System (PORTS) in PWS was
identified as a high priority by workshop participants.  The OSRI will pursue the
feasibility of installing a PORTS system with NOAA.

KEY ELEMENTS

Workshop participants identified five key elements to address in the ten-year strategic
plan:

1. Fill the critical gaps.
During the startup phase, OSRI will work to establish a PWS Consortium to
begin installation of equipment in the high priority areas of the PWS/NGOA.
Initial steps will be taken to fill the gaps by installing cost-effective non-
CMAN real-time meteorological stations on the priority sites identified at this
workshop.  Once these are operational, the goal will be to make the new data
available to the public through collaboration with NWS.   This startup phase
would also include collaboration between the atmospheric and ocean
circulation experts to couple modeling efforts.

2. Complete the network.
After the startup phase, the Consortium will implement a five-year strategy to
install the entire meteorological and oceanographic network identified by the
workshop participants.  This includes both strategic and tactical sites, and
ocean buoy/mooring instrumentation as well as additional meteorological
stations.  Concurrent with this phase, the initial operations and testing of the
OSRI, POM-based nowcast-forecast system will be conducted.

3. Evaluate the network.
The third element of the program involves evaluating the effectiveness of the
observation network, identifying opportunities to upgrade the network and to
refine the information system.  Workshop participants prioritized the
instrumentation that was desired at each site and also recognized that the
ability to transmit data in near real time should vastly improve in the future.
Thus, a periodic assessment should be conducted every two years to evaluate
progress and determine the best, cost-effective technology available so as to
acquire near real time data, incorporate it into nowcast-forecasts and
disseminate the information to the public and interested users in custom
formats.

4. Incorporate new technologies and expand collaboration.
The goal of the fourth phase is to expand the observation system to include
new sensors and new information systems such as atmospheric soundings,
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aerial and possibly satellite radar and optics.  During this phase the
Consortium would seek to expand collaboration with EVOSTC Gulf
Ecosystem Assessment (GEM) program, the Alaska Coastal Global Ocean
Observing System (GOOS) program and the North Pacific Research Board
program.

5. Improve nowcast and forecast systems.
During the fifth phase the Consortium will focus on the development of the
meteorological and oceanographic real-time observing system needed to
complement and support a significantly improved atmospheric and oceanic
nowcast/forecast system for PWS and its approaches.  To this end, the conduct
of a sequence of Intensive Observing Periods with enhanced observing
systems functioning in a research mode will test both the routine observing
systems and the developing modeling systems.

CONTRACTED PROGRAM ELEMENTS

Many of the program elements will require the services of specific expertise, such as the
University of Miami PWS/Nowcast-Forecast System (PWS/NFS) development.  OSRI
will work with the PWS Consortium and use a BAA/RFP process to establish grants for
new specialists.  Workshop participants recognized the need to implement a mesoscale-
resolution atmospheric numerical model for PWS that would require some development
due to the complex orographic effects.  The coupling of this atmospheric model with the
existing PWS/NFS Princeton Ocean Model (POM) is a high priority.

EDUCATION AND OUTREACH

Workshop participants agreed that a public education and outreach program should be
developed in concert with the new meteorological modeling, observation and forecasting
system.  Community involvement and public buy-in is an important element to ensure
that the system evolves to meet all relevant user needs and to encourage members of the
public to utilize all data as they become available.
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PROGRAM TIMELINE

With appropriate funding, implementation of this program may begin as early as 2001.
The following timeline has been proposed to meet the programmatic milestones
identified.

Phase Year Milestone

I 2001 – 2002 1. Develop PWS Consortium

2. Fill the Critical Gaps in Observation: begin co-
sponsorship of program

3. Initiate implementation of Atmospheric Mesoscale
Modeling

4. Run expanded Princeton Ocean Model (POM)-
Atmospheric Model Hindcasts

5.  Upgrade and bring the PWS/NFS online

6. Expand the Observation/Modeling network to NGOA

7. Plan coupling of PWS POM with Atmospheric Model

8. Plan Intensive Observing Periods (IOPs)

9. Implement first generation Nowcast-Forecast Information
System (NFIS) on PWSSC web site

10. Disseminate information through brochures and
newsletters

11. Expand dialog with stakeholders

12. Communicate with other Gulf programs: GEM, NPRB,
GLOBEC, GOOS

 II  2003 – 2008 13. Implement IOPs

14. Participate in spill drills

15. Evaluate and upgrade observing system network

16. Operate NGOA-PWS NFIS

17. Communicate with other Gulf programs: GEM, NPRB,
GLOBEC, GOOS

 III  2005 – 2010 18. Evaluate the feasibility of using information from aerial
and satellite platforms such as SAR

19. Communicate with other Gulf programs: GEM, NPRB,
GLOBEC, GOOS

20. PWS-NFIS in general use
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SUMMARY OF PROCEEDINGS

STEERING COMMITTEE VISION STATEMENT

Prospectus for Prince William Sound (PWS)

Prince William Sound hosts one of the richest marine ecosystems in the world, which in
turn supports abundant fisheries and diverse marine life.  The natural scenic beauty,
culture, and history of the PWS region attract a growing number of cruise ships and
visitors each year.  PWS is also the site of the terminus of the Trans-Alaska Pipeline and
consequently experiences heavy use by oil tankers.  With the development of the Whittier
Road, there will be increased interior-bound freight transportation through the Sound.  In
addition, the Sound is the home of major fishing fleets and several coastal and Alaska
Native communities that depend upon the marine highway system for transportation.

In the coming decades, commercial and recreational fishing, marine transportation, and
tourism pressures on the PWS region are expected to increase.  As these increases occur
so will the demands for environmental information, such as weather and marine nowcasts
and forecasts, which are important to marine operations and marine resource
management.  These nowcasts and forecasts will be made with numerical models that
must be well tested and grounded in real-time meteorological, oceanographic, and
hydrological data.  The observed and modeled data need to be made available in user-
friendly forms utilizing information technology. These evolving environmental
information systems must be able to adapt to new demands.

The multi-user, provider and sponsor community for marine environmental information
mandates that a consortium-style approach be taken to develop and implement the PWS
environmental information systems.

Role of OSRI

The Prince William Sound Oil Spill Recovery Institute (OSRI) is taking the lead to
develop a user, provider and sponsor consortium to oversee the environmental
information systems for PWS.  It also intends to play a leading role in developing the
requisite environmental information systems by applying new technologies that provide
more accurate, timely and cost-effective information on physical and biological
conditions in the marine environment.  This information includes nowcasts and forecasts
of weather, sea state, currents, temperatures, salinity, and the dominant plankton and
nekton populations that force and display changes in the ecosystem.  Overall, the
implementation of physical-biological operational oceanography in PWS is necessary if
we are to sustain healthy fish and wildlife populations that support our coastal
communities.

This program of action has several practical applications that are congruent with the
missions of OSRI and its parent institution, the Prince William Sound Science Center
(PWSSC).

• Improved forecasting of marine weather and ocean conditions for safer marine
operations,
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• Improved tools for the prevention and response to man-induced calamities such as
hazardous spills

• Improved ability to detect and predict naturally induced change occurring in
coastal regions and their impact on animal populations,

• Improved information on animal populations resulting in new research and better
management practices and more efficient utilization of renewable resources

It is also congruent with the nation’s plan to build an integrated, sustained ocean
observing system by taking a regional approach (National Ocean Research Leadership
Council, 1999; Http://core.ssc.erc.msstate.edu/NOPPobsplan.html).

Future PWS Environmental Information Systems

In this spirit, OSRI has commenced developing a Nowcast/Forecast System for PWS,
known as PWS/NFS, which is presently in a working prototype status.  The challenges
we face as we develop  the PWS/NFS are significant, but there is an established need and
strong grass-roots support for improving the real-time data available with new technical
capability.  Our challenges include linking the diverse environmental data users with new
information through the Web and creating the cost-sharing programs required to give the
program permanence.

Another challenge is to link the diverse environmental data providers (e.g., federal, state,
and local agencies and entities) so that the in situ and remote sensing observations and
model predictions might be pooled and integrated in a fashion that is seamless from the
perspective of the users.

Because this program has its roots firmly set in the practical side of working and living in
the ecosystem, it will garner strong public support.  This will provide the credibility
needed as more complex questions are asked regarding climate-change and regime shifts
on one hand and regarding multiple uses of PWS resources on the other hand.  As a
corollary, the public support will be fostered by the fact that the PWS environmental
information systems will lend themselves readily to supporting formal education at all
levels and public education on a continuing basis.
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PRINCE WILLIAM SOUND METEOROLOGICAL WORKSHOP
Sponsored by the Oil Spill Recovery Institute

December 12-14, 2000
Hilton Hotel, Anchorage, Alaska

Workshop Steering Committee:

Dr. Gary Thomas, Director Dr. Shari Vaughan, Dr. Chris Mooers, Director
Oil Spill Recovery Institute Physical Oceanographer Ocean Prediction Experimental Laboratory

Prince William Sound Science Center Prince William Sound Science Center Rosenstiel School of Marine and Atmospheric Science

Agenda

Monday, December 11th
5:30 - 7:30 PM Reception, Chart Room - No host bar

Tuesday, December 12th
Session I King Salmon Room Chris Mooers, Chair

8:00 Continental Breakfast

8:30 A Introduction, Goals, Objectives, Outcomes........................................................................ Gary Thomas, OSRI
9:00 B Overview of PWS and Northern Gulf of Alaska Meteorology.......................................... Nicholas Bond, PMEL/NOAA
9:30 C Description of NDBC Buoy and C-MAN Station Network in PWS & NGOA................ Paul Moersdorf, NWS

10:00 Break

10:30 D Other Meteorological Stations and Products for PWS and NGOA................................... Dave Goldstein, NWS
11:00 E Experimental Mesoscale Weather Forecasting for the Pacific Northwest ........................ Nicholas Bond, PMEL/NOAA
11:30 F PWS Circulation Modeling and Nowcast/Forecast System............................................... Chris Mooers, RSMAS
12:00 Lunch, King Salmon Room

Session II King Salmon Room Shari Vaughan, Chair

1:30 G SEA/OSRI Observations of PWS Circulation.................................................................... Shari Vaughan, PWSSC
2:00 H GLOBEC Field Studies on the Alaska Shelf...................................................................... Dave Musgrave, UAF
2:30 I NOS/PORTS and NWLON................................................................................................. Doug Baird, NOS/PORTS
3:00 Break

3:30 J High Resolution Coastal Winds From SAR Robert C. Beal, Ssargasso Associates
4:00 K Introduction to Federal and State User Requirements ....................................................... Ed Page, USCG and Roxanne Bash, ADOT
4:20 L Introduction to Industry and Community User Requirements........................................... Tom Colby, ATC and Stan Stephens, PWSRCAC
4:40 M Introduction to Research User Requirements..................................................................... Dave Musgrave, UAF and Chris Mooers, RSMAS
5:00 N Organization of Working Groups for Day Two ................................................................. Chris Mooers, RSMAS
5:30 Recess

6:30 Dinner, Chart Room
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Wednesday, December 13th
Session III Working Groups, King Salmon Room

8:00 Continental Breakfast

8:30 Group A, Non-research User Requirements....................................................................... Roxanne Bash and Tom Colby, Chairs
8:30 Group B, Research User Requirements .............................................................................. Dave Musgrave and Chris Mooers, Chairs

10:00 Break

10:30 Plenary Session, Mid-term Working Group Reports
11:00 Working Groups Re-convene to Consider Critiques
12:00 Plenary Session, Interim Working Group Reports
12:30 Lunch, King Salmon Room

2:00 Group C, Proposed Upgrades to Real-time Observation Systems .................................... Doug Baird, Jim Kross, Chairs
2:00 Group D, Proposed Upgrades to Nowcast/Forecast System.............................................. Nicholas Bond and Chris Mooers, Chairs
3:30 Break

4:00 Plenary Session, Mid-term Working Group Reports
4:30 Working Groups Re-convene to Consider Critiques
5:30 Plenary Session, Interim Working Group Reports
6:00 Recess

8:00 PM Action Plan Sub-group Meeting, Prudhoe Bay Room - chair discussion, costs, sponsors

Thursday, December 14th
Session IV Action Plan, King Salmon Room

8:00 Continental Breakfast

8:30 Review of Working Group Reports .................................................................................... Shari Vaughan, Moderator
8:45 Group A, Non-research User Requirements....................................................................... Dave Goldstein, Chair
9:00 Group B, Research User Requirements .............................................................................. Dave Musgrave and Chris Mooers, Chair
9:15 Group C, Proposed Upgrades to Real-time Observation Systems .................................... Doug Baird, Jim Kross, Chairs
9:30 Group D, Proposed Upgrades to Nowcast/Forecast System.............................................. Nicholas Bond and Chris Mooers, Chair
9:45 Break

10:15 Proposed Action Plan .......................................................................................................... Action Plan Sub-Group
11:30 Closing Comments, Workshop Report ............................................................................... Gary Thomas, OSRI
12:00 Adjourn

12:30 Lunch for Potential Funding Organizations, Prudhoe Bay Room
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WORKSHOP PARTICIPANTS

Steering Committee

Dr. Gary Thomas, Director

Oil Spill Recovery Institute
Prince William Sound Science Center
P.O. Box 705
Cordova, Alaska  99574
Phone:  (907) 424-5800
Fax: (907) 424-5820
E-mail:   loon@pwssc.gen.ak.us 
http://www.pwssc.gen.ak.us/pwssc/pwssc.html 

Professor Christopher N. K. Mooers, Director
Ocean Prediction Experimental Laboratory (OPEL)
Division of Applied Marine Physics
Rosenstiel School of Marine and Atmospheric Science
University of Miami
4600 Rickenbacker Causeway Miami, FL 33149-1098
Phone:  (305) 361-4088, 4160
Fax:  (305) 361-4797, 4701
E-mail:   cmooers@rsmas.miami.edu  

Dr. Shari L. Vaughan, Physical Oceanographer
Prince William Sound Science Center
P.O. Box 705
Cordova, Alaska  99574
Phone:  (907) 424-5800
Fax: (907) 424-5820
E-mail:    vaughan@grizzly.pwssc.gen.ak.us 
http://www.pwssc.gen.ak.us/pwssc/pwssc.html 
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Extended Abstract Authors

Dr. Nicholas Bond, Research
Meteorologist
University of Washington/JISAO
NOAA/PMEL
7600 Sand Point Way NE
Seattle, WA 98115
Phone:  (206) 526-6459
Fax:  (206) 526-6485
E-mail:     bond@pmel.noaa.gov  

Dr. Paul F. Moersdorf,  Director
National Data Buoy Center
1100 Balch Blvd.
Stennis Space Center, MS  39529
Phone:  (228) 688-2805
Fax:  (228) 688-1364
E-mail:     paul.moersdorf@noaa.gov   
http://www.ndbc.noaa.gov  

Dave Goldstein, Warning Coordination
Meteorologist
NWS Forecast Office
6930 Sand Lake Road
Anchorage, Alaska   99502
Phone:  (907) 266-5117
E-mail:     dave.Goldstein@noaa.gov   

Dr. Inkweon Bang
Division of Applied Marine Physics Ocean
Prediction Experimental Laboratory,
RSMAS
University of Miami
4600 Rickenbacker Causeway
Miami, FL 33149-1098
Phone:   (305) 361 4744
Fax:  (305) 361 4797
E-mail:    ibang@rsmas.miami.edu   

Drs. David L. Musgrave & Tom
Weingartner
Associate Professors of Marine Science
School of Fisheries and Ocean Science
University of Alaska Fairbanks
P.O. Box 757220
118 O’Neil Building
Fairbanks, AK  99775
Phone:
Fax:
E-mail:    musgrave@ims.uaf.edu   

LT Doug Baird
Navigation Advisor, Alaska
NOAA, Office of Coast Survey
4230 University Dr. #120
Anchorage, AK  99508
Phone:  (907) 786-7004
Fax:  (907) 786-7050
E-mail:    Doug.Baird@noaa.gov   
http://chartmaker.ncd.noaa.gov   

Robert C. Beal, Research Scientist
Johns Hopkins University
Applied Physics Laboratory
Johns Hopkins Road
Laurel, MD 20723
Phone: (443) 778-5009
Fax:  (443) 778-5548
E-mail:   r.beal@jhuapl.edu   
http://fermi.jhuapl.edu  
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Workshop Attendees

NAME ORGANIZATION ADDRESS E-MAIL
John Ash Oil Spill Recovery Institute P. O. Box 705

Cordova, AK  99574
Doug Baird NOAA, Office of Coast Survey 4230 University Drive, 120

Anchorage, AK 99508
doug.baird@noaa.gov

Inkweon Bang RSMAS/AMP   University of
Miami

4600 Rickenbacker Cswy.
Miami, FL 33149

ibang@rsmas.miami.edu

Joe Banta PWS RCAC 3709 Spenard Road
Anchorage, AK 99503

banta@anch.pwsrcac.org

Roxanne Bash AK Dept. of Transportation and
Public Facilities

3132 Channel Drive
Juneau, AK 99801-7898

Roxanne_Bash@dot.state.ak.us
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OVERVIEW OF PWS AND NORTHERN GULF OF ALASKA METEOROLOGY

Nicholas Bond
NOAA Pacific Marine Environmental La
University of Washington

Abstract

The meteorology of Prince William Sound and its vicinity is reviewed, with an emphasis
on topics related to air-sea interactions and issues related to forecasting.  The intent of
this review is to set the stage for the presentation summaries that follow.

Seasonal Cycle

The weather of Prince William Sound and northern Gulf of Alaska undergoes a large
seasonal cycle, and this seasonality has implications both for weather forecasting, and for
the forcing of the ocean.  For much of the year, roughly September through May, the
region’s weather is dominated by the prevalence of cyclonic storm systems in the Gulf of
Alaska.  These storms tend to develop in the western and central North Pacific, propagate
into the Gulf of Alaska, and then slowly spin down.  They generally are accompanied by
low-level winds mostly parallel to the coast (with the terrain on the right), occasionally
with high speeds, and copious precipitation in the coastal zone and over the coastal
mountains.  The warm season features much quieter weather, with a preponderance of
higher pressure and anticyclonic conditions.  Throughout the year, the prominent terrain
rimming the Gulf of Alaska effectively separates maritime air masses in the coastal
region from continental air masses a short distance inland.

Variability

There is a rich spectrum to the variability in the weather in the region.  As in mid-latitude
regions in general, there are the usual fluctuations on time scales of days, in this case
largely associated with the passage and evolution of individual storm systems.  The
frequency, intensity and nature of these disturbances are significantly modified by large-
scale patterns of variability, or modes, in the hemispheric atmospheric circulation.  On
time scales of roughly a week to a month, the region is impacted by the effects of
anomalous troughs and ridges, which tend to be especially strong and persistent in the
central North Pacific.  These features strongly control the paths and intensities of storms
across the North Pacific and into the Gulf of Alaska.  Considerable effort is being focused
on assessing and improving our capability of predicting their development and
breakdown.

The remote effects of El Nino-Southern Oscillation (ENSO) dominates the variability of
the North Pacific and Gulf of Alaska on interannual time scales.  In its positive phase,
i.e., during El Ninos, anomalous flow from the southwest tends to bring relatively warm
and wet winter weather to the northern Gulf.  During the opposite phase, or La Ninas,
there are generally drier conditions, and greater incidences of cold-air outbreaks.  Finally,
on decadal time scales, it is becoming evident that the North Pacific, including its marine
ecosystem, is influenced by a phenomenon named the Pacific Decadal Oscillation (PDO).
The PDO appears to impact the weather in a manner similar to ENSO, but on much
longer time scales.  Perhaps because of its long time scale, the PDO appears to be very



PWS Meteorological Workshop Final Proceedings

D-2 Extended Abstracts

strongly related to variations in many aspects of the marine ecosystem of the North
Pacific.

Coastal and Mesoscale Terrain Effects

Orographic effects play a crucial role in determining the mesoscale weather of Prince
William Sound and its vicintiy.  The terrain not only separates the maritime air masses
over the Gulf from the continental air masses of the interior, but also modifies wind and
precipitation distributions in the coastal zone.  Of paramount importance are the low-
level barrier jets that form within a roughly 50-100 km wide strip on the windward side
of the terrain.  These barrier jets require an onshore-directed component to the low-level
flow, and when the thermodynamic profile is suitable (which it is much of the time), can
lead to enhancements to the wind speed amounting to typically 50%.  Because these
periods also include the flow ascending the terrain, at least to a certain extent, they also
include very high precipitation rates on and upstream of the windward slopes of the
terrain.  The major gaps in the coastal terrain (e.g., the Copper River valley) can also play
important roles by serving as a conduit for the outflow of low-level air from the interior.
During periods when the sea level pressure over the Gulf is much less than that over the
interior, as is relatively common in winter, these outflows feature strong wind speeds and
cold air temperatures.

Forcing of Upper Ocean Circulation

These effects of the coastal terrain on the mesoscale weather also have important
implications for the local forcing of the ocean.  Enhanced along-shore winds, through
their influence on Ekman drift in the upper portion of the water column, serve to produce
both enhanced downwelling and sea level set-up in the coastal zone.  The upper ocean
responds to this forcing with strengthened along-shore coastal currents.  The abundant
precipitation that falls along the rim of the Gulf runs off effectively as a line source of
freshwater for the ocean.  The baroclinity associated with this freshening impacts both the
transports and eddy activity associated with coastal ocean flow.  The regions of gap
outflows include enhanced air-sea heat fluxes and wind mixing, and at their periphery,
potentially significant Ekman pumping.

Outstanding Issues

Because the region of Prince William Sound features weather that is so vigorous, and
terrain that is so prominent, it represents an attractive test bed for assessing some
outstanding issues related to coastal meteorology.  In particular, further study would yield
useful insights into the potential predictability of mesoscale weather in such a region.  At
present, there is insufficient understanding of the sources and interplay of errors due to
(1) inadequacies in NWP initialization, (2) improper handling of mesoscale terrain, and
(3) parameterization of sub-grid scale physical processes.  It also represents an interesting
and important region for air-sea interaction studies.  The upper ocean circulation in the
region is certainly influenced by both local and gyre-scale processes, but their relative
role in determining the mean flow, and its fluctuations, is not well understood.
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DESCRIPTION OF NDBC BUOY AND C-MAN NETWORK

Paul F. Moersdorf, Ph.D.
Director, National Data Buoy Center

Abstract

The National Data Buoy Center (NDBC) is part of the National Weather Service (NWS).
It is the NOAA Center of Excellence for operational marine observations and technology.
Its charter is to provide for systematic research, development, testing and evaluation of
data buoys and associated automated meteorological monitoring systems.  In addition to
this, NDBC ensures that data observations (air temperature and humidity; atmospheric
pressure; wind speed and direction; wave height) are communicated back to shore,
processed, quality controlled, and distributed to meet the specific needs of NOAA
programs.

On a National level, NDBC provides a technical advisory capability in technology to
meet observational needs of other government agencies.  NDBC, through its
observational programs and in association with its partners:

(1) Collects unique observations to strengthen national and international warning
programs;

(2) Ensures safe and efficient transportation of personnel and goods;

(3) Provides good stewardship by taking measurements in support of
environmental impact assessments;

(4) Monitors the ocean and atmosphere in support of space launch and remote
sensing calibration activities; and

(5) Actively provides long term observation sites, which support both climate
prediction and research needs.

In order to meet its mission objectives, NDBC has developed core competencies in all the
following areas.  First, in response to requirements, NDBC begins with the design phase
and follows through development, fabrication, and testing of all instruments used.  There
are extensive test facilities available to NDBC.  Once the instrument suite is complete
and tested, it is integrated for the deployment and long-term operation.  Since NDBC has
“cradle-to-grave” responsibility for all assets deployed, it pays to build reliable,
automated, data acquisition systems capable of operating in harsh and remote marine
environments.  Beyond the deployment of the observational station, NDBC provides real
time data acquisition, processing, quality control, and distribution of consistently high
quality marine data.  In addition to these operational skills, NDBC maintains a staff of
personnel with project management expertise as well as having “in-house” contracting
authority.  The latter of these functions is a rarity within NOAA and greatly enhances
NDBC’s ability to “get things done!”
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NDBC runs the Marine Observational Network (MON) for the NWS.  The MON is made
up of more than just buoys.  It consists of:

• 69 moored buoys in the waters of the east, west, Alaskan and Gulf coasts, around
Hawaii and in the Great Lakes;

• 55 stations of the Coastal Marine Automated Network (C-MAN) along the east,
west, Alaskan and Gulf coasts, the Great Lakes, and St. Lawrence Seaway;

• More than 1200 ships of the NWS Voluntary Observing Ship (VOS) Program;

• 31 stations of the NOAA profiler network in the central U.S.

In addition to its facilities in Mississippi, NDBC has test facilities in Sterling, Virginia;
Johnstown, Pennsylvania; and Duck, North Carolina.  It maintains storage facilities in
Kodiak, Alaska; Honolulu, Hawaii; and in San Diego, California.

NDBC operates the five NWS buoys in the Alaska region: two in Prince William Sound,
two in the Northern Gulf of Alaska, and one in the Bering Sea.  A seasonal buoy in the
Northern Bering Sea was operated by NDBC with funding from the Army Corps of
Engineers.  In addition to these buoys, NDBC operates seven C-MAN stations in the
region.  Three C-MAN stations are funded by each of the NWS and the National Ocean
Service (NOS).  The seventh station is funded by Phillips Petroleum, formally ARCO.
Six of these seven are on the shores of Prince William Sound.
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OTHER METEOROLOGICAL STATIONS AND PRODUCTS

Dave Goldstein
National Weather Service Forecast Office
Anchorage, Alaska

Abstract

Weather in and near Prince William Sound is important to many who use the area for
both pleasure and business.  Much of the current, routinely available weather is skewed
toward the vessel traffic lane in the eastern Sound.  We will look at existing weather sites
in Prince William Sound and develop recommendations for new data sources to aid
research and operational needs.

History

Prior to the EXXON VALDEZ oil spill (EVOS), real-time weather data was noticeably
absent around Prince William Sound except at the major communities.  Observations
were made at the  Valdez airport and by the city; at the Cordova airport, located some 12
miles east of town; and by contract, observations were transmitted each hour from
Whittier.  For many years, no real-time observations were available for weather in the
Sound itself.

The isolated remote observation at Middleton Island gave good representative wind
conditions over open water south of the Sound, but failed to adequately represent even
conditions near the southeast entrance to Prince William Sound. It provided no wave/sea
information.  Initially this site began as an AMOS, with capability to only report wind,
temperature, pressure and  precipitation calibrated by means of a tipping bucket .  As the
years progressed, the system was upgraded to ASOS status, adding limited sky condition,
visibility and present weather information to the report.  Precipitation information was
also upgraded.  Problems with sensors and communications, however, occasionally
compromised both the data accuracy and availability.  In the mid-1990’s, seven Weather
Surveillance Radars were added in Alaska, one of which was located at Middleton Island.
This greatly enhanced knowledge of cloud producing weather systems in Prince William
Sound, although here also, the data accuracy becomes more and more compromised
further north across the Sound due to beam blockage from terrain.

Satellite information also has played a very important role in monitoring weather systems
from above and across the Sound.  Low level wind and wave information, however, was
noticeably absent until the EVOS.  During the EVOS period, multiple remote weather
systems were temporarily placed across parts of Prince William Sound and adjacent areas
impacted by the oil.  Unfortunately, there was a many month delay before the data
routinely became available to forecasters while the NWS continued to be responsible for
providing weather services to Prince William Sound.  This was primarily due to the
numerous agencies/organizations involved quickly solving their unique data without
effectively informing other potential users of the new information.  At times, even the
bureaucracies of larger organizations also delayed receipt of this information to those
needing it the most.  At any rate, the deployment and maintenance of these systems was
temporary, at best, serving the immediate needs of the cleanup effort.
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Soon after the remote systems were decommissioned, the National Weather Service
deployed a remote site at Seal Island, between Green and Smith Islands in the southern
Sound.  While the site was operating, for several years, data became available to marine
weather forecasters responsible for providing service to the Sound.  Unfortunately, siting
of the system failed to adequately reflect southwest to even northwest wind conditions
that adversely affect this area.  Sea information was also unavailable with this RAWS
data source.  Ultimately, due to maintenance and budget issues, the site fell into disrepair
and suffered a 4-5 year hiatus until late December 2000, when the system was upgraded
and brought ‘back to life’.

Also, as a result of the EVOS, monies were appropriated to procure weather data systems
along the vessel tanker traffic lane of eastern Prince William Sound.  This effort was the
result of cooperative efforts by both private industry and government.  It yielded the three
C-Man (land-based) sites at Potato Point, Mid Rock and Bligh Reef, as well as two deep
water buoys (with wave/sea information) at Seal Rocks (southeast entrance to Prince
William Sound) and the southeast Sound location (often referred to as the “mid Sound
buoy”).  These sites have proven to be invaluable in monitoring weather, especially
winds and seas (as provided by the deep-water buoys) across the eastern corner of Prince
William Sound.

In the mid 1990’s, work began by gathering groups of weather interested agencies,
companies, academic centers, etc., together to coordinate weather needs and weather data
sources in and around Prince William Sound (and other areas of the State).  The Prince
William Sound Science Center erected a Davis weather system on the roof of their
building adjacent to the Cordova Boat Harbor and Coast Guard dock, feeding the
information into the Internet and also logging it into monthly logs.  This, for the first
time, provided real-time information on winds and temperatures in Cordova itself, an area
buffeted by extreme easterly winds from the Eyak Lake area and also with gusty and
oftentimes cold north winds near the boat harbor and entrance to eastern Prince William
Sound.  The addition of this data source has provided invaluable information to the
Anchorage Forecast Office and has resulted in significantly improved service to the
community of Cordova.

Within the last year, a NOAA Weather Radio 2000 has been installed in Whittier,
coincident with the Anton Anderson tunnel opening to vehicular traffic.  This, also, was a
cooperative effort by many groups including the State DOT, NWS, Coast Guard, Coast
Guard Auxiliary, Forest Service, the city of Whittier and the Whittier harbormaster, the
State Troopers and several others.  Thanks to the Coast Guard 17th District’s efforts, a
task force was put together to anticipate needs generated by the tunnel opening and
identify and complete specific projects to prepare for future impacts of this newly opened
“Gateway to the Sound”.  Sue Hargis and Chris Honse, of the Coast Guard 17th District,
under the command of Admiral Barrett, not only put together a viable task force complete
with key, high energy players, but managed to accelerate action by these various
government groups.  Undoubtedly, movement by these agencies normally would have
taken years to push through the bureaucracy.  This, indeed, was a shining example of
what can be accomplished when various groups, with common interests and overlapping
goals, get together!  Radios now operative at Valdez, Cordova and Whittier not only
broadcast forecasts, but by this summer will broadcast hourly weather observations from
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reporting sites around the Sound.  This same VHF radio system, as well as others
envisioned to come on line, in addition to Internet and phone systems, will greatly
enhance distribution of critical weather information to Prince William Sound customers.

Present

The Prince William Sound Meteorological Workshop again represents a gathering of a
wide variety of weather customers.  Emphasis of the meetings is on both scientific and
operational weather needs around Prince William Sound and across the adjacent Gulf of
Alaska waters.  To quote the main goal of the workshop:

“This two and a half day event, hosted by the Prince William Sound (PWS) Oil
Spill Recovery Institute (OSRI), seeks to define the needs for real-time
meteorological information to support the PWS Nowcast/Forecast System and
PWS regional operations and research over the next decade.”

This group of distinguished persons from many organizations concerned with safety and
protection of the valuable resources in and around Prince William Sound, will set the
course for procurement and deployment of additional sources of weather information
across many critical areas of the Sound presently devoid of weather information.

Future

Recently, thanks to efforts by the Alaskan congressional group, (especially Senator Ted
Stevens) money has been appropriated by Congress for additional weather buoys around
the State of Alaska.  Present indications are that the $1.7 million is sufficient for seven
buoys.  These buoys will greatly enhance weather information in many data-sparse areas
of Alaska.  They will result in both improved real-time information and ultimately in
better forecasts for the marine community and those concerned with the marine
environment.

All of us involved in the December, 2000 workshop have a unique opportunity to identify
sites where weather data are needed and to further gathering of critical weather
information across, and adjacent to, the incredibly beautiful Prince William Sound.  This
conference and the dialogue and meshing of ideas marks a beginning of a promising
journey, one that will not only benefit those directly involved in the conference, but more
importantly everyone connected to this unique area of the State.  Ultimately, the
culmination of this journey will help ensure that the beauty and magic of Prince William
Sound will be preserved for the generations and generations to come.
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EXPERIMENTAL MESOSCALE WEATHER FORECASTING

FOR THE PACIFIC NORTHWEST

Nicholas Bond
NOAA Pacific Marine Environmental Lab
University of Washington

Abstract

The operational forecast system being envisioned for Prince William Sound and its
vicinity will have some similarities with the system that has been implemented for the
Pacific Northwest.  It is instructive to review the latter system, since it can provide
guidance for the development and operation of its counterpart for Alaska.

Background/History

Operational high-resolution numerical weather prediction using the MM5 has been
carried out for about the last 5 years under the leadership of Prof. Cliff Mass of the
Department of Atmospheric Sciences at the University of Washington.  While Prof.
Mass’ group had been conducting research using the MM5 for a number of years, the
opportunity to run the MM5 on a regular basis came about through the support provided
by a consortium of local (the Puget Sound Air Pollution Control Agency), state (Dept. of
Ecology, Dept. of Natural Resources) and federal (Environmental Protection Agency,
U.S. Forest Service, National Weather Service) agencies.  This support is ongoing, and
consists of funds for equipment purchases and for salaries of University of Washington
personnel.  Much of the motivation for this effort includes using MM5 output for not just
short-term weather prediction, but to drive air quality and distributed hydrological
models.  In parallel with the modeling, substantial effort has gone into consolidating real-
time observational data from all available operational networks.

Configuration

A brief summary of the configuration used in the Pacific Northwest is provided here.
First of all, the MM5 is run on a 24-processor SUN 6500 server using a parallelized
version of the code.  The forecasts are carried out for 60 hours on an outer grid of 36 km
and an inner grid of 12 km, and then from 12 to 36 hours on an inner 4 km grid
encompassing all of Washington and Oregon.  These forecasts are run twice daily, using
initial and boundary conditions supplied by NCEPÕ’s ETA model.  The model is run in
non-hydrostatic mode and uses the MRF (Hong-Pan) PBL, explicit microphysics, and
Kain-Fritsch cumulus parameterization schemes.  The MM5 forecasts have been found to
be sensitive to surface boundary conditions; proper specification of these conditions has
required the use of detailed land-use information for each domain.  The present system
also includes an 8-member ensemble for the 36 and 12 km grids run once a day.

Results

The MM5 model produces the mesoscale details in a region of complex terrain and
widely varying surface properties, consistent with theoretical results, and with operational
and special field observations.  In particular, it appears to be able to properly account for
the effects of mesoscale terrain on the low-level winds.  Apparently, in most cases,
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specification of the synoptic-scale flow is sufficient for the model to produce, in a
dynamically consistent way, mesoscale terrain-induced phenomena.  It should be noted
that this capability is not unique to the MM5, but appears to be a general attribute of
primitive-equation, full-physics, high-resolution NWP models.

While the MM5-based forecasts have been highly instructive and useful for a variety of
applications, these forecasts have exhibited some systematic errors.  In its present
configuration, the model has a tendency to overpredict (underpredict) precipitation
windward (leeward) of prominent terrain.  It is believed that these errors stem from
improper parameterization of cloud and precipitation processes; these problems are being
addressed in research being undertaken at the University of Washington and other
institutions.  The present system also has a tendency to forecast the landfall of storm
features such as fronts and low-pressure centers on the order of 3 hours earlier than
observed.  The reason(s) for these errors in propagation speed are unknown, but have
been hypothesized to be attributable to errors in the specification of the synoptic-scale
flow (i.e., as encapsulated by the boundary conditions supplied by the Eta model) over
the data-sparse Pacific.  These timing errors should be expected to represent more of a
problem for short-range weather forecasting than for high-resolution ocean modeling.

The performance of the MM5 is strongly related to specification of the synoptic-scale
structure upstream over the Pacific.  Increasing evidence is demonstrating the value of
relatively small ensembles for providing information on the impacts of uncertainty in
initial conditions on 1-2 day numerical forecasts.  Because of these uncertainties or
errors, at present there appears to be diminishing returns to decreasing the grid spacing
below 4 km.  If more computational resources were available, the consensus of the users
is that they be used to expand the ensemble portion of the forecast suite.

Lessons Learned

Even though modeling systems such as one developed for the Pacific Northwest can be
automated, personnel have to be available to insure reliable model performance.  Tasks
that must be undertaken on a regular basis include archiving model output, upgrading the
model code, changing input and computational grids, and modifying display and analysis
tools.  In essence, an operational system requires a different mind-set than that
appropriate for research.  One should not expect that the availability of high-resolution
NWP model output will bring about an instant revolution in local weather forecasting.
Because of unfamiliarity with its output and errors in timing of mesoscale weather
features, its acceptance and use by forecasters will tend to grow gradually.  Finally, it is
unclear what kinds of problems are liable to crop up when a high-resolution NWP model
is used to drive an ocean model on a regular basis.  The Naval Research Laboratory has
extensive experience doing just this with its COAMPS forecasting system, but
compatibility between its atmosphere and ocean components is built in.
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PWS CIRCULATION MODELING AND

NOWCAST/FORECAST  SYSTEM

Christopher N.K. Mooers and Inkweon Bang
Ocean Prediction Experimental Laboratory (OPEL)
Rosentiel School of Marine and Atmospheric Science
University of Miami

Shari L. Vaughan
Prince William Sound Science Center

Abstract

Observational circulation studies commenced with the pioneering works by Royer,
Neibauer, Weingartner, Johnson, Muench, and Schmitt in the 1970’s and 1980’s.
Vaughan continued them in the 1990’s as part of the SEA Program and now the OSRI
Program.  The numerical circulation modeling studies began with the pioneering works
by Mooers and Wang in the 1990’s as part of the SEA Program and have been extended
by Mooers and Bang recently as part of the OSRI Program.

The Princeton Ocean Model (POM) has been implemented for PWS with mesoscale
resolution (1 to 2 km in the horizontal and typically 15 (sigma) levels in the vertical, with
relatively high resolution in the surface and bottom boundary layers) and using high-
resolution bottom topography.  PWS-POM is typically initialized with temperature and
salinity profiles based on historical datasets and is driven by throughflow and temperature
and salinity stratification specified at Hinchinbrook Entrance (HE) and Montague Strait
(MS), winds of one type or another, surface heat flux, runoff from snowmelt, and/or one
or more tidal constituent specified at HE and MS.  It has been used to conduct process
and sensitivity studies, plus simulations of the annual cycle of flow and stratification for
model evaluation versus SEA data.  The model evaluation studies for 1996 have
demonstrated encouraging results but have also indicated several areas for improvement,
especially the need for more accurate and complete atmospheric and throughflow forcing.
Furthermore, the time series available in the interior of PWS during 1996 due to the SEA
Program were invaluable for model evaluation.

Because of the extraordinary difficulties in monitoring or otherwise specifying the highly
variable open boundary conditions at HE and MS, POM has also been implemented for
two larger domains. One extends from PWS to the nearby Alaska Shelf and the other
extends from PWS to the Northern Gulf of Alaska (NGOA), 55 to 61N to be precise.
This has been done with the expectation that the PWS circulation will be less sensitive to
remote open boundary conditions AND that other observational/monitoring data sources
available on a larger scale (e.g., satellite radar altimetry for seasurface height and satellite
radar scatterometry for seasurface winds) and model data (e.g., USN and NOAA Pacific
Ocean Analyses) will prove useful for direct forcing of the model or indirect forcing
through data assimilation.  Process studies of the interactions between PWS and the
Alaska Shelf demonstrate vertically and horizontally stratified flows through HE and MS,
and a surprising amount of recirculation through HE, that are very sensitive to the wind
stress strength and directions and to seasonal stratification.  Hence, the circulation
interactions between PWS and the Alaska Shelf are now seen to be so intense and
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variable that they must be taken into account in the future when making  applications of
circulation information to marine ecosystem and fisheries studies, on one hand, and to oil
spill trajectory and fate and effects modeling on the other hand.

Under OSRI sponsorship, the PWS Nowcast/Forecast System (PWS/NFS) is under
development; the system design of PWS/NFS is shown in the accompanying block
diagram.  It uses PWS-POM as the ocean circulation model.  It is presently driven by
synoptic winds as well as eight tidal constituents.  Additionally, forcing by a nominal
seasonal cycle of surface heating, runoff, and throughflow is planned in the near future;
however, that is a non-trivial task.  It is running, in a prototype mode with real-time
winds from a single point, the NDBC meteorological buoy at mid-Sound.  [Utilization of
the NCEP eta-model atmospheric forcing fields (grids with 32km, 6-hourly  resolution,
and with forecasts out to 60 hrs) is the next step, but they will need to be verified against
the NDBC buoys and C-MAN station winds in and near PWS. Perhaps a blended
product, from eta plus buoy and coastal station winds, will be desirable.  Future steps
may include use of winds from a mesoscale regional atmospheric model that can resolve
the most significant scales of coastal orography in the proximity of PWS.] Selected
model output is being displayed graphically on a developmental Website, both in a
Lagrangian as well as in an Eulerian mode.  [PWS-POM has been interfaced to OSCAR
(by SINTEF), an oil spill fates and effects model and graphics system. PWS/NFS and
OSCAR will be linked, too.  Later, the plan is to link ecosystem and fisheries models to
PWS-POM and then PWS/NFS.]  Delayed-time validation data are continuing to be
acquired, especially from a bottom-mounted ADCP at HE and quarterly towed ADCP
and XCTD cruises in SERV vessels encompassing the tanker route in Central Sound.
Real-time verification data are available from a few coastal sea level stations, primarily at
Valdez within PWS, plus sea surface temperature from NDBC buoys.  A recent example
of verifications of seasurface temperature and coastal sea level are shown in the
accompanying time series plots.

Obviously, the PWS/NFS would benefit greatly from a significant upgrade to the
sustained, real-time atmospheric, oceanic, and hydrologic data available from PWS and
its offings on the Alaska Shelf. Statistical comparisons of NDBC buoy winds inside and
outside PWS with each other and with a buoy offshore in the Gulf of Alaska for 1996
reveal several features: some very interesting structure in the energy spectra in the
“weather band”, a remarkably sharp and intense diurnal peak for the coastal buoys, a high
degree of coherence in the “weather band” and the diurnal band (especially for the
meridional component) between the winds over the Alaska Shelf and central PWS, and
much less coherence between those two buoys and the offshore buoy. These exploratory
analyses indicate that there is much to be gained by investigating and comparing the
various meteorological datasets (including remote sensing as well as in situ systems) and
model products (including research as well as operational systems) to facilitate the
ultimate design of a meteorological and oceanographic observing system for PWS and its
environs.
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SEA/OSRI OBSERVATIONS OF PRINCE WILLIAM SOUND CIRCULATION

Shari L. Vaughan
Prince William Sound Science Center

Abstract

Sixteen basin scale oceanographic cruises were conducted from April 1994 to May 1997
as part of the EVOS sponsored Sound Ecosystem Assessment (SEA) program.
Hydrographic stations were occupied throughout Prince William Sound (PWS), and just
south of Hinchinbrook Entrance in the northern Gulf of Alaska (NGOA).  Temperature
(T) and salinity (S) data were acquired using CTD’s and XCTD’s.  Current measurements
were acquired using a towed, downward-looking acoustic Doppler current profiler
(ADCP).  Satellite-tracked drifting buoys circulated in the region for several months in
1996, 1997 and 1998.  An upward-looking ADCP mooring was deployed in
Hinchinbrook Entrance from June 1995 to October 1995, and from September 1996 to
May 1997.

Stratification formed in central PWS first in the north.  A zonal density front separated
the stratified from the non-stratified (southern) region.  During most of the year, the
basin-scale circulation was either dominated by mesoscale eddies or cyclonic (counter-
clockwise).  September was always cyclonic.  Exceptions were observed in April 1995
and May/June 1998 when closed-core anticyclonic (clockwise) circulation was present.
The summer and early fall near-surface flow pattern was inflow at Montague Strait and
outflow at Hinchinbrook Entrance.  At Hinchinbrook Entrance, the summer/early fall
outflow extended down to about 150m, with inflow below.  This pattern was disrupted by
surface inflow events in response to easterly wind bursts (Ekman inflow).  In fall through
early winter, the flow pattern at Hinchinbrook Entrance was reversed with inflow
generally above about 150m, and outflow below.  In winter through spring, alternating
periods of inflow and outflow occurred over all depths.  Maximum northward transport at
Hinchinbrook Entrance occurred in October and December.

In 1999, OSRI began sponsoring a project entitled 'Nowcast/Forecast System for PWS
for Ocean Circulation and Surface Winds’.  The project has a modeling component, an
observational component, and an information/data management component.  The overall
objective of the project is to develop a prototype N/F system for PWS capable of
calculating current velocity vector fields, particle trajectories, and the evolution of
passive drifter concentrations.  The observational component is basically a continuation
of the SEA physical measurements on a reduced scale.  Current measurement surveys in
the central basin are made with a towed downward-looking ADCP approximately four
times per year.  T/S measurements are made at three stations in northern, central, and
southern PWS using XCTD’s.  Alyeska SERVS has generously donated ship time for the
surveys.  Under a separate project, EVOS has provided funding to continue the ADCP
mooring measurements in Hinchinbrook Entrance.  In the future, we plan to expand the
ship-board surveys to more stations and transects, and to add more time-series
measurements using instruments with real-time capability.
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GLOBEC FIELD STUDIES ON THE ALASKA SHELF

David L. Musgrave and Tom Weingartner
School of Fisheries and Ocean Science
University of Alaska Fairbanks

Abstract

Oceanographers at the University of Alaska Fairbanks are involved with several projects
in the Gulf of Alaska.  This presentation will highlight those ongoing projects and future
projects, their relationship to other projects, and their needs for ancillary data from
meteorological stations.

One of the most important current projects is the Gulf of Alaska GLOBEC study, which
involves many investigators from many institutions.  U.S. GLOBEC's implementation
plans for the Northeast Pacific (NEP) has at its core a comparison of the coastal (shelf)
ecosystems of the coastal Gulf of Alaska (CGOA) and California Current.  These two
ecosystems are northern and southern ends of a large coupled system that is impacted by
large-scale variation in atmospheric forcing.  Economically important marine population
abundances (e.g., salmon and their zooplankton prey) in the two regions are often out of
phase, with generally high populations in the north and low in the south or vice versa
through time.  Understanding the mechanisms responsible for this variability is the
underlying goal of the GLOBEC NEP program.

The U.S. GLOBEC effort in the Northeast Pacific is directed at an overall goal of
improving predictability of living marine resources of the region through improved
understanding of ecosystem interaction and the coupling between the physical
environment and the living resources.  Salmon are keystone species for the research effort
because of their economic and ecological importance and because of the linkage of
regional abundance of salmon stocks to climatic shifts in the North Pacific.  Salmon from
different regions of the North Pacific have responded differently to the recent warming
that has occurred in the North Pacific.  For example, coho salmon in the Pacific
Northwest have declined precipitously, precipitating wide-spread listings of coho salmon
populations in that region under the Endangered Species Act.  In contrast, coho salmon
catch from populations adjacent to the Gulf of Alaska have been at historically high
levels in the 1990's. The major hypotheses are that (1) Ocean survival of Pacific salmon
is determined primarily by survival of juvenile salmon in coastal regions, and is affected
by interannual and interdecadal changes in Gulf of Alaska physical forcing; and (2)
Variation in size-at-age of returning salmon is determined largely by interdecadal and
interannual variation in physical conditions and productivity of the oceanic realm of the
subarctic Pacific.

UAF’s GLOBEC (   http://murphydome.ims.uaf.edu:8000  ) includes a Long-Term
Observation Program (LTOP) that is ongoing  (1998-2004) and aimed at collecting a
multi-year data set that will lead to a better understanding of the seasonal cycle and the
interannual variability in the physical-chemical structures and biological productivity of
this shelf. It focuses on occupations of stations along the Seward Line, including station
GAK1 for which there exists a CTD time series extending back to 1970.  Sampling
efforts include the following:
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• Occupy the Seward hydrographic line and collect vertical CTD-Chlorophyll-PAR
profiles.

• Collect continuous underway ADCP, sea surface temperature, sea surface salinity,
and fluorescence data.

• Collect discrete bottle samples for measurements of nutrients, chlorophyll pigments,
oxygen isotope ratios, and zooplankton.

• Perform vertical tows for zooplankton and microzooplankton.
• Acoustically determine abundance and distribution of zooplankton.
• Perform MOCNESS tows to help form canonical correlations with the acoustic data.
• Conduct gillnet and midwater trawling to collect fish.

Other UAF GLOBEC projects include process studies of macro and microplankton
growth and process studies.

Under funding from the North Pacific Marine Research Program, a dual bio-physical
mooring was deployed in March 2000.  It includes an up- and downward-looking ADCP,
with temperature and salinity sensors from surface to the bottom (200 m).  Nitrate meters
at two depths, a sediment trap, fluorometers, transmissometers and PAR sensors are part
of the configuration.  It is located about 50 km from Resurrection Bay along the LTOP
Seward line.  There is no surface expression.  The scientific goals are to obtain
temporally highly-resolved time series of oceanographic parameters related to the
productivity of the shelf of the Gulf of Alaska and to relate them to physical forcing.
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GLOBEC LTOP stations in the Northern Gulf of Alaska: Triangles denote CTD-nutrient-
phytoplankton-zooplankton stations; circles denote CTD-nutrient-phytoplankton stations.  ADCP
and sea surface data are collected continuously underway and while on station.  Acoustic data for
zooplankton biomass determinations are collected at all triangle stations and between triangle
stations on the Seward Line.  Red stations indicate stations for which over twenty years of
historical CTD data exist.  The GAK1 station CTD time series extends back to 1970.
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Gulf of Alaska Shelf Moorings
March 2000 to ∞?

Musgrave, Henrichs, Whitledge, Stockwell
GOA NSF-GLOBEC: How does physical forcing control
variability in salmon stocks?  Turbulent mixing?  Winds?
Buoyance Forcing? Instabilities?
Upcoming programs in GOA:
NSF-GLOBEC process studies: October 2000
NSF-Coastal Ocean Program: > 2001
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THE NATIONAL OCEAN SERVICES NATIONAL WATER LEVEL

OBSERVATION NETWORK (NWLON) AND PHYSICAL OCEANOGRAPHIC

REAL TIME SYSTEM (PORTS)

LT Doug Baird
NOAA Office of Coast Survey

Abstract

The Center for Operational Oceanographic Products and Services (CO-OPS) collects,
analyzes and distributes historical and real-time observations and predictions of water
levels, coastal currents and other meteorological and oceanographic data.  The Center
manages the National Water Level Observation Network (NWLON) and the national
network of Physical Oceanographic Real-Time Systems (PORTS) in major U.S. harbors.
It conducts its programs through university, industry, Federal and State partnerships as
appropriate.  CO-OPS reside within National Oceanic and Atmospheric Administration's
National Ocean Service.

PORTS is a decision support tool which improves the safety and efficiency of maritime
commerce and coastal resource management through the integration of real-time
environmental observations, forecasts and other geospatial information.  Every 6-
minutes, PORTS measures and disseminates observations and predictions of water levels,
currents, salinity, and many meteorological parameters (e.g., winds, atmospheric
pressure, visibility, etc.) needed by the mariner to navigate safely.  PORTS systems come
in a variety of sizes and configurations, each specifically designed to meet local user
requirements.  The largest of NOS' existing PORTS installations is comprised of over 26
separate instruments.  The smallest consist of a single water level gauge and associated
meteorological instruments.  Full systems are presently installed in Tampa, New York,
San Francisco, Houston/Galveston and Chesapeake, Virginia.  PORTS Lite systems are
presently installed at Anchorage and Nikiski, Alaska; Seattle and Tacoma, Washington;
Baltimore, Maryland; and New Haven, Connecticut.  Regardless of its size, each PORTS
installation provides information that allows shippers and port operators to maximize port
throughput while maintaining an adequate margin of safety for the increasingly large
vessels visiting U.S. Ports.  In response to users’ requests, several new sensors are being
integrated into the PORTS stations.  These new tools measure air gap, visibility, wave
height and period, and water quality.

The objectives of the PORTS program are to promote navigation safety, improve the
efficiency of U.S. ports and harbors, and ensure the protection of coastal marine
resources.  PORTS has been built upon CO-OPS' real-time water level capabilities (i.e.,
NWLON) by adding incremental improvements to field systems, sensor capabilities,
communications, information systems and operational procedures to ensure that the full
value of NOS' capabilities were realized by the marine transportation community and
other users requiring operational oceanographic information.  The NWLON consists of
approximately 190 water level measurement stations distributed along U.S. coasts, in the
Great Lakes and connecting channels, and in the U.S. territories and possessions.  One
hundred forty stations are considered "long-term control" and "primary" stations.  These
have been in operation for at least 19 years, are still in continuous operation and transmit
data in near-real-time, i.e., every three hours.
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Products and services available through the PORTS program include but are not limited
to:

(1) Text-based real-time data displays at the PORTS DAS sites, at remote
locations on dumb terminals and on the CO-OPS web;

(2) A voice-data product available via dial up touch tone phone speaking
the latest real-time observations;

(3) The PORTS Image Component System (PICS), providing a graphical
representation of all real-time PORTS observations as well as predictions
(time series, vertical profiles and along channel graphics);

(4) CORMS (Continuous Operational Real-Time Monitoring System) for
quality control;

(5) Special hazards and event home page providing observational data for
FEMA and the NWS;

(6) The CO-OPS home page's PORTS component; and
(7) The PORTS Information Hub providing one stop shopping for all

PORTS and PORTS related products.

With a growing national network of PORTS and its real-time on-line access capabilities
in demand, a state of the art data and information system called the National PORTS Data
Base (NPDB) has been developed.  This database provides the science, information, and
management tools for use by the nation's environmental and navigation communities.
Future additions to the database will include historical circulation surveys, quality
assurance surveys, and nowcast / forecast model data outputs.  The PORTS Info-Hub
serves as the public interface to the NPDB.

In addition to the PORTS program, CO-OPS has another real-time system – Tides
Online.  Tides Online is a CO-OPS Web-based product that provides users with the latest
graphical and tabular water level and meteorological data for all NOS water level
stations.  For those stations activated, manually or automatically, for storm surge
transmission rates, the Tides Online product also isolates their selection for convenient
interactive display.

All CO-OPS products are quality controlled by the Continuous Operational Real-Time
Monitoring System (CORMS).  CORMS is a decision support system, implemented in
April 1998, which takes input from two NOAA systems—the Physical Oceanographic
Real-Time System (PORTS) and the National Water Level Observation Program
(NWLOP).  The CORMS provides data communications, data analysis, system
monitoring and notification support to a variety of users, using input from real-time tide,
current, water level and other marine environmental sensors which are deployed
nationwide in many U.S. ports and waterways.  CORMS also provides round-the-clock
monitoring and quality control of sensors and data in order to insure the availability,
accuracy, and quality of tide, water level, current, and other marine environmental
information.  CORMS is intended to identify invalid and erroneous data and information
before application of the data by real-time and near real-time users.

Several communities have expressed interest in establishing a PORTS installation for
their port.  The process for installing a PORTS station follows a time-tested and approved
check-off list.  The list includes an initial NOS outreach meeting, a formal letter from the
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community requesting a PORTS Development Team visit, local review of the
requirements assessment and budget estimates, drafting an implementation plan and
memorandum of agreement, and finalizing agreements on the budget and implementation
plan.
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HIGH RESOLUTION WIND FIELDS FROM SYNTHETIC APERTURE

RADAR (SAR) IMAGERY

Robert C. Beal
Johns Hopkins University Applied Physics Laboratory

Abstract

With the recent advent of wide-swath calibrated synthetic aperture radar satellites,
exemplified by Radarsat-1, accurate, high resolution surface wind fields over hundreds of
km are becoming practical.  Although several problems remain to be resolved, mostly to
do with improved calibration and accuracy, an appreciable inventory of wind maps has
already been collected in the Gulf of Alaska during the last two winters (99-00 and 00-
01).  A few very recent examples of SAR imagery acquired over Prince William Sound
are included on the following page.  The algorithm has been developed by the Johns
Hopkins University Applied Physics Laboratory, using results previously applied to
conventional scatterometry.  Typically, the Radarsat wind estimates are posted to a
dedicated Web site within 5 hours of acquisition; delays of only 2 hours are sometimes
achieved.

Radar backscatter from the ocean at a given angle of incidence increases monotonically
with surface wind speed, all other things being equal.  Given an incidence angle,
polarization, local wind direction estimate, and perhaps also boundary layer stability and
inverse wave age (or stage of development), the measured backscatter can be inverted to
yield an estimate of local wind speed.  At the very highest instrument resolution (in the
case of Radarsat, 25m) this local estimate is quite noisy, but with appropriate spatial
averaging the noise can be reduced to tolerable levels.  Typically, the swath width is 400
km, and the imagery is spatially averaged to about 1 km.

During the winters of 99-00 and 00-01, as part of a NOAA/NESDIS Coastwatch
Demonstration, NOAA has focused particular attention on frequent coverage over the
Gulf of Alaska and Bering Sea, the result being the collection of several thousand SAR
wind estimates.  In addition, several hundred similar passes have been collected over the
East Coast during the same time interval, but here also concurrent with deep water buoy
estimates.  This set of East Coast passes has permitted a limited validation of the SAR
wind estimates.  Preliminary estimates of the overall SAR wind field accuracy is within 2
m/s over a range of wind speeds up to 25 m/s, if backscatter at incident angles below 25
degrees is ignored, that is, the inner 50 km or so of the swath.

In the future, we can expect the wind estimates to increase in accuracy; furthermore, the
limits of reliable performance with Radarsat-1 imagery can be expected to be better
understood.  Additional SAR satellites from Canada, Europe, and Japan will come on-
line in the next three years, and each will likely enable more frequent coverage, better
understanding of the relevant wind algorithms, and increased accessibility.
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The previous page shows a set of 12 SAR wind maps over Prince William Sound, all
collected since 21 November 2000.  All frames except 17 and 19 December, and 10 and
12 January, were collected in a wide swath (>400 km) mode.  The remaining four were
collected in a “standard” (100 km) mode, so the scale for these is different from the rest.
Most striking about all the images are the wide variations in wind speed that occur over
very limited spatial scales.  Sometimes the wind speed shows changes of more than 20
m/s in only a few km.  Much of this variation is clearly induced by the local topography,
but some may be the result of local changes in boundary layer stability.  Further
validation of these large local wind changes is of course impractical without an
appropriately dense array of surface measurements.

What, then, is the proper role of SAR in the long term strategy of the Prince William
Sound project?  The SAR must be seen as a unique adjunct to the high resolution
atmospheric and oceanic modeling programs, in some ways just as unproven as the
models, but nevertheless just as valuable in the search for an improved characterization of
the wind field.  The SAR holds perhaps the best hope for validating the atmospheric
models over their complete spatial domain, just as the models hold the best hope for
validating the SAR over its complete domain.  Each will suffer from its own form of
errors and uncertainties, but each will nevertheless compliment the other in some vital
ways not otherwise possible.  In addition, and just as important, a dense array of buoys
can tie both the atmospheric model and the SAR together over a limited (undersampled)
region.

Major tasks related to the SAR are as follows:

1. Examine all the potential sources of satellite SAR imagery likely to become available
within the life of the PWS program.  Sources include the Canadian Radarsat-1 and
Radarsat-2, the European ENVISAT, the Japanese ALOS, and possibly an U.S.
Ocean Observer Satellite, now only in the planning stages, but plausible within the
decade.

2. Plan a number of coverage scenarios, using the best available satellite sources, and
placing special attention on the intensive period of observations likely to occur about
three years into the program.

3. Negotiate with the appropriate foreign and domestic agencies for the desired satellite
coverage and its associated processing.

4. Further process the acquired SAR imagery to wind maps, checking all acquisitions
for possible saturation, systematic errors, and other patterns of behavior that will help
reveal the structure and major components of the wind error budget in the context of
both the array of buoys and the model results.

5. Iterate through the previous step in collaboration with PWS project scientists until the
SAR error budget is as fully understood as the available data and model will allow.

6. Analyze, document, and publish the results.
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FINAL REPORT OF WORK GROUP A
NON-RESEARCH USER REQUIREMENTS

Work Group Chairs:  Roxanne Bash and Dave Goldstein

Purpose

Group A was charged with defining and summarizing the requirements of the non-
research user community for real-time meteorological and associated data, including
forecasts, in  PWS and the adjacent NGOA region.

User Groups

Group A first identified the non-research user groups for the purpose of defining user
needs.  Each group was assigned an abbreviation, as listed below.

User Group Abbreviation

Small boat SB
Large boat LB
Aircraft small AS
Aircraft large AL
Forecaster F
Land based customer L
HazMat responders HZ
Researchers/managers RM

User Needs

In describing user needs, the group first identified important variables for each user
group.  The following table summarizes the basic user information needs.

Type of Information User Group(s) Requiring
Information

Wind and wave information in a real time manner SB, LB, AS, AL, F, HZ
Ocean currents data SB, LB, F, HZ
Tide stage SB, LB, F, HZ
Air temp SB, LB, AS, AL, F, HZ
Barometric pressure SB, LB, AS, AL, F
Location of center of disturbance and how far away it is. F, LB, SB, AS, AL
Water temperature and salinity RM, HZ, F
Wave data SB, LB, HZ, F
Precipitation: Type and rate of fall AS, AL, HZ, F
Visibility SB, LB, AS, AL, HZ, F
Ceiling heights (move to advanced rather than keeping in
basic met pkg)

AS, AL, HZ, F

Hydrologic data HZ, LB, F
Humidity LB, F
Upper elevation data, including freeze info. AS, AL, LB, F
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The group also identified several special user needs, in addition to the basic needs listed
above:

• Profiler information;
• Enhanced information on “critical data,” such as begin/end information;
• Solar radiation and ultraviolet information;
• Surface and subsurface data relating to roads (“road package”);
• Video technology; and
• Accessible archived data.

Critical Locations

The group also identified critical locations for meteorological and associated data, and
ranked these locations according to their level of importance to the non-research users.
The rankings are based on the group’s consensus about the highest priority sites, as
determined by a vote of work group participants.  More sites may be added in the future,
and each of these locations should be more precisely identified, using latitude and
longitude coordinates, during the next step of the process.

Location Rank

Near or on Esther Rock 1
Copper River Delta/Grass Island/Controller Bay 2
Lone Island (south) 2
Applegate Rocks 4
North end of Naked Island 5
Thompson Pass 6
Southern Montague Strait 7
Cordova (elevation) 8
Knight Island (Pleiades) 8
Wessels Reef 10
Chenega/Sawmill Bay 10
Tatitlek 10
Cape Fairfield 10
Cape St. Elias 11
Whittier 11
Seal Rocks 11
Orca Bay 12
Bligh Reef 12
Central Sound 12
Valdez & Middleton (profiles) 13

Data Characteristics

The group defined the needs for frequency of data reception.  Observations should be
gathered in hourly increments or less.  Forecasts should be continuously updated, and
urgent needs should be met on demand and customized to the particular urgency.

The group agreed that all data need to be archived, and they identified preferred modes of
data telecommunication, or data collection and transfer to users.  Data should be
transferred from data logger to central collection via telephone, radio, microwave, or



PWS Meteorological Workshop Final Proceedings

Workgroup Reports E-3

satellite.  They should be transferred from central collection to users via the Internet,
telephone, NOAA weather radio, FAA broadcast, e-mail, kiosk, USCG marine
information broadcast, and mass media.

The group identified the following weaknesses in the present meteorological and other
real-time observing systems:

Communication and Information Gaps
Communication gaps exist in locations throughout PWS so that radio or

satellite signals cannot always be received.  Likewise, information gaps also exist,
where certain sites may not be collecting all the necessary information.  These
existing sites may require modification to be able to receive more complete data

Timeliness 
Data is not always available when needed.

Lack of standards
The present meteorological and real-time observing systems lack

standards in the way measurements are taken and lack inter-operability.  There
should be a standard data protocol to ensure that once data is collected it can be
read and utilized by all organizations and users.

Additional Meteorological Information Needs

The group determined that the following additional meteorological information services
are needed, in order of priority.  They also identified the kind of information they would
like to collect at each site.

The group began by describing a “Basic Meteorological Package” that would satisfy the
information needs at many of the locations discussed.  This basic package would include
sustained and peak wind information (direction and speed), temperature, humidity or
dewpoint, precipitation amounts, a surface pressure reading, and wave and water
temperature data where possible.  An enhanced basic package would also include the type
and rate of fall of precipitation, visibility, and ceiling information.  A streamlined basic
package would include wind direction and speed (sustained and one second peak),
temperature and pressure.  A “road package” would provide surface and subsurface data
relating to roads.  Ocean currents, tide stage, and salinity would not be included in any of
the basic meteorological packages.
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Site
Priority

Location New or
Upgrade?

Type of Meteorological
Information Needs

1 Near or on Esther Rock New
(on water)

Basic package

2,3 Copper River: New New Basic package
Waves
River gauge at separate location

2,3 Lone Island Upgrade Basic package
4 Applegate Rocks New Basic package

UVA/UVB
5 Naked Island (north) New Basic package
6 Thompson Pass New Basic package

Road package
7 Southern Montague Strait New Basic package

8,9 Cordova New Ski slope: High altitude RWIS
and Road package.
Airport: Profiler/radiosonde and
Road package

8,9 Pleiades (Knight Island) New on
nav. aid

Basic package

10 Wessels Reef New Basic package
10 Chenega New Basic package

Tide information
10 Tatitlek New Basic package

Tide information
10 Cape Fairfield Upgrade Basic package
11 Seal Rocks Upgrade Basic package
11 Whittier New Basic package

Profiler
Video

11 Cape St. Elias New Basic package
12 Orca Bay New Basic package
12 Bligh Reef Upgrade Basic package

Wave information
12 Central Sound Upgrade Basic package
13 Valdez/Middleton Island New Profiler

Upper elevation sites

Other Issues

 The group discussed several other issues relevant to the non-research community’s
requirements for meteorological and observation data in Prince William Sound.
 

Information Dissemination.  
In discussing telecommunication needs, the group determined that there should be one
central location for data collection, and from that point all information should be
disseminated.  They considered several possible systems for information dissemination,
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including the development of a new dissemination system or using the existing systems
currently in place through various agencies, such as the National Weather Service system.
The group agreed that it would be feasible to rely on existing systems only if incoming
data meet their formatting requirements.

Information Systems
The group agreed that all database and information systems should be centrally located
and very accessible to users.  Work group members identified several key considerations
in designing both the information management system and the data collection network.
Among these were:

• How will data be communicated from the sensors to the collection points?
• How will data be communicated from the collection points to a central

location?
• How will the data be stored?
• What sort of dissemination system or interface will be developed to

transmit the data to users?
• What levels of access will be available to various entities, such as the

public and government agencies?

Network Architecture
Work group members noted that the architecture of the new information network is a
critical variable to ensuring that the system meets the identified needs.  Participants noted
that whenever possible, the new system should utilize the existing federal architecture,
realizing that there are some limitations posed by this arrangement.  Work group
members noted that this topic merits additional discussion in the future.

Overall, the group agreed that the best possible scenario would be to design a
system that meets all of the user needs identified through the work group process, while
working through the many issues of information management, information dissemination,
and network architecture described above.

Critical Path

In order to develop a meteorological information system that meets the identified needs
of non-research users, the following must occur:

• Pinpoint the exact location (latitude and longitude) for stations to be installed or
upgraded at the critical locations identified by the group (19 sites plus 2 profile
locations).

• Provide for the necessary equipment installation and upgrades to meet the
meteorological information needs identified for each site (basic package, road
package, wave, tides, etc.).  Wherever possible, build upon existing architecture.

• Design an information management system that provides for information
transmission mechanisms from each collection point to a central location.

• Design a standardized information management or database system to manage
incoming information and provide data output through an accessible interface.

• Identify information dissemination pathways and mechanisms to all user groups.
• Determine levels of data access available to each user group.
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FINAL REPORT OF WORK GROUP B
RESEARCH USER REQUIREMENTS

Work Group Chairs:  Dave Musgrave and Chris Mooers

Purpose

Group B was charged with defining and summarizing the requirements of the research
user community for real-time meteorological and associated data, including
hindcasts/analyses, in PWS and the adjacent NGOA region.

User Needs

The group began by identifying user needs, which were outlined based on the following
important variables: winds, currents, precipitation, salinity, temperature, surface waves,
solar radiation, sea level, and biology.

    Winds
The group determined that winds should be modeled and measured on a 1
kilometer to 10 kilometer horizontal grid, and that surface wind measurements
should be supported with an enhanced network of radiosondes and rawinsondes.
Wind measurements should define the structure in the atmospheric boundary
layer, and should exploit both high-spatial-resolution SAR (Synthetic Aperture
Radar) satellite winds and SCAT (Scatterometer) satellite winds

Currents
Surface current information should be acquired using coastal HF radars and
surface drifters.  Subsurface current data should be acquired through ADCP’s and
floats.

Precipitation
Hydrological measurements should include runoff (snow melt), gauges for
streams and rivers, and manned precipitation stations (i.e., Co-op observers).

Salinity
Salinity measurements should be acquired using moored sensors and airborne sea
surface salinity mapping.

Temperature
Temperature data should be recorded through moored sensors and satellite
measurement of sea surface temperature.

Surface waves
Surface wave data should be acquired to determine impacts on oil spill trajectory
and dispersion simulation accuracy.

Solar radiation
Solar radiation is another important data type.

Sea level
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Sea level data should be acquired using automated coastal tide gauges.  The
existing tide gauge network should be augmented with additional sites and
sensors.

Biology   
Biological information (i.e., plankton blooms) is also important to research users.
Information needs include UVA and UVB light levels, nutrients, PAR,
transmittance, and fluorescence (as measured through satellite imagery).

Additional research user needs include a meso-scale resolving PWS model run in
hindcast mode for identification of critical sampling areas (e.g., buoy placement) during
an “intensive observing period.”  The group agreed there are many other unsettled issues
to be addressed in a 10-year science plan.

Critical Locations

 The group identified the following critical locations:
• Hinchinbrook Entrance
• Montague Straits
• Mid-Sound
• Northern Sound
• Knight Island Passage
• Alaska Coastal Current

Data Characteristics

 The group came up with several recommendations regarding the frequency of data
acquisition.  They proposed hourly data sampling at a minimum, with updated 3-day
forecasts every six hours.  They also recommended one second sampling of winds for
special periods.
 

The group agreed that all data need to be archived, and they identified preferred modes of
data telecommunication.  They recommended that data telecommunication occur in
consultation with NWS and NOS.  Real-time data should be made available on the World
Wide Web, with metadata links available on a Website.  They also recommended
exploring ARSC as an option for data archiving.
 

 The group identified several weaknesses in the present meteorological and other real-time
observing systems, including gaps in spatial coverage and lack of real-time data; lack of
atmospheric soundings; and lack of ocean current profiles.
 

Additional Meteorological Information Needs

The group determined that additional meteorological information services are needed to
supplement those systems currently in place.  Nowcast/Forecast products were
recommended to measure surface winds and other surface variables, such as pressure,
temperature, and humidity.  Wave observations and forecasts were also identified as
important meteorological information needs.  The group suggested that the NOAA ETL
(Environmental Technology Laboratory) may be available for use in the development
process.



PWS Meteorological Workshop Final Proceedings

Workgroup Reports E-9

Proposed Methodology

To accomplish the objectives outlined above, the group proposed that a new system make
maximum use of available observations, operational numerical weather predictions, and
oceanic and atmospheric numerical models operated in the research mode.  The new
system should also incorporate additional observations as they arise.  The group
advocated designing and planning a systematic sequence of Intensive Observing Period
(IOP) experiments where the benefits of increased observations can be assessed in the
research mode prior to committing to expensive observations on a routine basis.

Proposed Schedule

The group proposed a schedule for project implementation.

YEAR MILESTONE

2001 Design and plan IOPs
2002 Test oceanic and atmospheric models in the data assimilative mode
2003 Conduct IOP1 (summer) in conjunction with GLOBEC & GODAE
2004 Conduct IOP2 (fall) in conjunction with GLOBEC & GODAE
2005 Conduct IOP3 (winter) in conjunction with GLOBEC & GODAE
2006 Conduct IOP4 (spring) in conjunction with GLOBEC & GODAE
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FINAL REPORT OF WORK GROUP C
PROPOSED UPGRADES TO REAL-TIME OBSERVING SYSTEMS

Work Group Chairs: Doug Baird and Jim Kross

Purpose

Group A was charged with defining and summarizing the needed upgrades over the next
ten years to the present Prince William Sound (PWS)/Northern Gulf of Alaska (NGOA)
meteorological and other real-time observing systems.

Primary Considerations

The group identified three major issues to be considered in upgrading the present
meteorological and real-time observing systems in PWS and NGOA:

1. Identify the elements of the present observing system.
2. Identify and justify needed upgrades.
3. Prioritize proposed upgrades.
4. 

Present Observing Systems

Presently, there are two types of meteorological observing stations in PWS/NGOA.
Water stations consist of National Data Buoy Center (NDBC) buoys, and land stations
consist of Coastal Marine Automated Network (C-MAN) stations.

In discussing upgrades to the NDBC buoys, work group participants noted that there are
limitations to upgrading these water stations, because equipment can only be added to the
buoys with the approval of the National Data Buoy Center.

Proposed Upgrades

Work group participants recommended several important upgrades to the existing system.
They advocated installing permanently moored current meters, particularly to monitor
surface currents, at two sites: the mouth of Orca Bay (site #46060) and Hinchinbrook
Entrance (site #46061).   They recommended that the existing meteorological collection
site on Applegate Rocks be upgraded to operational status, and that a wave gauge be
installed on the Bligh Reef C-MAN station.

The group agreed that water quality sensors (YSA multiprobe) should be installed
throughout all proposed and existing stations, and that the Cordova shoreside station
should be integrated into the real-time network.  They also recommended that back-up
communications on all buoys be increased so that information collected locally is
available locally.

The work group determined that the installation of a PORTS system in PWS would be
the best possible method to ensure that all of the required sensors and monitoring systems
are installed.  Written requests should be submitted in order to get a PORTS development
team to begin the necessary detail work in PWS.  The group identified the following
requirements for PORTS system installation:



PWS Meteorological Workshop Final Proceedings

E-12 Workgroup Reports

• The process must be initiated by local community request.
• Funds for operations and maintenance and possibly some capital costs must be

provided by the local community.  All the sensors and even the data acquisition
system (DAS) have to be funded by the local user community.

• CO-OPS will pay for the communication system between the sensors and the
DAS.

• CO-OPS will purchase the sensors and DAS equipment, if the user community
requests that service, using funds provided by the user community.

• Installation time is usually a period of months.

Finally, work group participants noted that local training should be provided for the
operations and maintenance of all existing systems and for subsequent system upgrades.

Prioritization and Path Forward

Initiating the PORTS request was identified as the first priority because development of a
PORTS system would allow for the installation of most of the other sensors requested.
Once the PORTS request is initiated, the following improvements and upgrades are of
equal priority:

• Installation of current meters at the mouth of Orca Bay and Hinchinbrook
Entrance.

• Increased back-up communications on buoys.
• Upgrade Applegate Rocks to operational status.
• Install wave gauge on the Blight Reef C-MAN station.
• Install water quality sensors throughout proposed and existing stations.
• Integrate Cordova shoreside station into real-time network.
• Secure local-level training for operations and maintenance of all existing systems

and system upgrades.
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FINAL REPORT OF WORK GROUP D
PROPOSED UPGRADES TO NOWCAST/FORECAST SYSTEM

Work Group Chairs:  Nick Bond and Chris Mooers

Purpose

Group D was charged with defining and summarizing the required upgrades to the
present Prince William Sound/Northern Gulf of Alaska meteorological and
oceanographic nowcast and forecast systems over the next ten years.  These upgrades are
based upon the needs of the research and non-research groups summarized in the other
working group reports.

Present System

The group began by outlining the elements and characteristics of the present system.  In
general, the meteorological component of this system, while far from optimal, is much
more complete than the oceanographic component.  On the meteorological side, the
present weather out to about 6 hours (i.e., a nowcast) is constructed using hourly surface
observations from buoys, C-MAN and other meteorological stations, ship observations at
6 hour intervals, pilot reports and ACARS data from aircraft at irregular intervals,
doppler radar data from Middleton Island, cloud distributions from satellite, and
occasional remotely-sensed surface winds over the northern Gulf from satellite.

While the amount of this data is substantial, there are some serious deficiencies.  In
particular, insufficient information is available on the winds and sea states in many
heavily used portions of Prince William Sound (PWS).  Meteorological forecasts, i.e., the
weather expected from 6 hours to about a week out, are based largely on numerical
weather prediction (NWP) model simulations.

A suite of models is available from the National Center for Environmental Prediction
(NCEP) and other institutions, but the output from these models cannot be used directly.
Instead, forecasters apply their experience and understanding of local effects to
downscale the coarse output from these models to produce specific forecasts for the
Sound and its vicinity.

Relatively scanty oceanographic data are available.  There are regular real-time
observations of sea level from tide gauges, and SST and waves from buoys, and much
less frequent altimetry, SST and wave information from satellites, but all of this data is of
surface properties.  The little sub-surface information that is collected (e.g., from research
cruises) is generally unavailable in real-time.

Regarding forecasts for the ocean, there are tidal predictions but otherwise nothing on a
regular basis.  In the event of an emergency such as a spill, rather simplistic models can
be pressed into service in an attempt to anticipate surface drift.
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Recommended Upgrades

Work group participants identified a generalized set of required upgrades to the present
system.  Some of these upgrades can be fleshed out when appropriate, but others will rely
on the results from the work planned early in the process.

The group noted that the upgrades described below depend to an extent on the nature of
the desired forecast system, specifically whether it is designed mostly for day-to-day
operations, or for response to an emergency situation.

Improved Meteorological Observations 
Upgrades of this type would improve NWP initializations and our knowledge
base for understanding and predicting PWS weather.  A special emphasis was
placed on getting vertical profile information.

High-Resolution NWP Model Runs On An Operational Basis 
Present NWP model results are not directly applicable to PWS; current high-
resolution NWP models are capable of resolving terrain-induced phenomena in
the vicinity of PWS.

Vastly Improved Oceanographic Observations
The present lack of sub-surface hydrographic and current data represents a severe
limitation on diagnosing the circulation of PWS on an ongoing basis.

Real-Time Oceanographic Prediction Model Runs 
The output would have practical applications for shipping, recreation, fisheries
management, and other interests.

    Mobile Observing Platforms  
These kinds of devices are apt to be valuable for both research (e.g., model
validation experiments) and for deployment during emergencies.

Separate PWS Forecast Office/Group  
Marine and aviation forecasters for the NWS currently provide forecasts for PWS.
The large increase in the forecast products envisioned for PWS necessitates staff
dedicated to their preparation.

Ongoing Research Program    
The region represents an attractive test-bed for studies of air-sea interaction; the
results from process and other types of studies would help guide the development
of improved forecast systems.

Sophisticated Information System    
The full value of enhanced observing and modeling efforts will be realized only
through investments in processing, archiving and displaying the large amounts of
data that would become available.

Proposed Schedule and Priorities

While a schedule for the upgrades discussed above was not developed, the group
recommended that the proposed upgrades be prioritized as follows.
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1. Additional surface meteorological observations (winds, air temperature, pressure)
2. Sub-surface ocean observations (temperature, salinity, possibly currents) from

moorings or ROVs and AUVs
3. Higher-resolution NWP model output on an operational basis
4. Atmospheric soundings (balloon or wind profiler) in PWS
5. Real-time oceanographic model simulations

There was also a consensus that two specific activities should be carried out as the
nowcast/forecast system for PWS is being developed and implemented.  First, the
relatively detailed oceanographic observations collected in 1996 provide an opportunity
to validate ocean models in an hindcast mode.  These hindcasts should be carried out
using detailed forcing fields that can be provided by a high-resolution model such as the
MM5, or RAMS, itself run in a hindcast mode using existing data from NCEP for
boundary and initial conditions.

Second, a process-type field study focusing on air-sea interactions may be warranted for
PWS.  The detailed measurements that could be collected from ships and aircraft are
likely to be highly instructive in the process of designing and adapting observational and
modeling components of the forecast system.

Finally, the group agreed that advantage should be taken of the Experimental Forecast
Facility at the University of Alaska, Anchorage.  This facility appears to be a suitable
location for carrying out the operational numerical simulations, and for staffing of
forecasters/analysts that are required for a forecast system for PWS.


