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I. PROJECT SUMMARY

The Alaska Ocean Observing System (AOOS) is the regional association for Alaska managing the statewide and three regional coastal and ocean observing systems for the Alaska region.  The systems and the regional association are collectively referred to as AOOS.  The goals of AOOS are to provide quality processed and integrated data from a variety of sources and create information products and model forecasts to meet the needs of stakeholders including state and federal resource managers, commercial, subsistence and sport fishermen, oil and gas developers, shipping interests, Alaska Native communities, and researchers. The AOOS products are provided through a distributed, web-based information network.
The original 3-year proposal (requesting $2.2 million in Year 1) addressed a multitude of goals for developing and expanding ocean observing platforms, models and information products in Alaska’s three Regional Coastal Ocean Observing Systems (RCOOS) – the Arctic, the Bering Sea/Aleutian Islands, and the Gulf of Alaska.  This proposal was significantly scaled back in year 1 due to the reduction of funds to $1 million.    This revised project focuses on:

· Continuing to further statewide capacity in data management and product visualization using the data management team at the University of Alaska Fairbanks in conjunction with the Arctic Regional Supercomputing Center; and

· Continuing the implementation of the Prince William Sound (PWS) Ocean Observing System pilot project that collects observations for use by stakeholders and develops and tests forecast models as a demonstration of an end-to-end observing system in Alaska by focusing on continued development of a suite of forecast models for use in PWS and elsewhere in the state.  
II.
PROGRESS AND ACCOMPLISHMENTS
A. Data Management: Dr. Mark Johnson, Lead PI 
(University of Alaska Fairbanks)
Data Manager Rob Cermak serves on the following national groups: IOOS Regional Association DMAC working groups, IOOS DMAC Expert Teams (Metadata and Archive, although these have been inactive awaiting review by IWGOO), IOOS DIF (Data Integration Framework), IOOS DIF Steering Team (preparing for March 2010 workshop) and IOOS WSDE (Web Services & Data Encodings).  AOOS DMAC met IOOS Program goals for DIF implementation for September 2009.  The IOOS DIF March workshop will set the majority of goals slated for September 2010.  To help other regional associations keep up with requirements, Rob Cermak completed an installation of the SOS web service for GLOS while assistance with the CaRA installation continues.  SOS web services at AOOS, GLOS and CaRA will need adjustments according to recent review of the web services by the IOOS Program Office, which may form some of the requirements for September 2010.
In Alaska DMAC participates in the AOOS Data Management Advisory Committee and the Alaska Data Integration (ADI) Working Group.  The ADI group meets regularly to streamline project and data interoperability between federal and state agencies in Alaska. The AOOS Data Management Advisory Committee meets in February with a new chair, Dr. Phil Mundy, director of NOAA’s Auke Bay Lab.
The look and feel of the user interface for the Alaska Marine Information System, the interoperable data warehouse built by AOOS DMAC is currently being assessed prior to the next iteration of the web interface.

The DMAC group provides a data warehouse, a data portal, and ingestion into national archives when appropriate for several other projects including the North Pacific Research Board’s Bering Sea Integrated Ecosystem Research Program (BSIERP), NSF’s SIZONet program, and ARCOD. AOOS receives data requests from across the state and the nation.  

During the AOOS Prince William Sound Field Experiment, AOOS DMAC acquired, formatted, and prepared data daily for assimilation into a ROMS forecast model. To help the PIs communicate in the field, a PI blog was set up by DM for access by the field experimenters. The blog was used by many of the PIs to share information on experiment design, provide graphics, or change the experiment design. The field portion of the experiment was completed on 3 August. For the PWS Field Experiment and beyond, a “Data Portal” was created on the AOOS web site for all PI collected data to be easily accessed by the science team. That portal includes updates and revisions of data sets as provided by the PIs and provides data in ZIP files and other formats for easy download.
In order for AOOS DM to acquire, display, and deliver data, staff updates software, document code, and improve “best practices”. Internet Explorer 8.0, for example, has industry known bugs preventing cross browser compatibility, and DMAC staff began in October 2009 to address this issue including writing new web displays using jQuery, the JavaScript Library designed for “cross browser compatibility.” The issue however is complicated and still not resolved. To improve system speed and efficiency for users, AOOS DMAC partitioned its servers for database, web, data transport/storage, ftp, and data acquisition. A Central Task Manager (CTM) was installed to partition processing power across existing hardware. Task tracking is documented in a local Trac/Wiki page for internal DM use.

B. Prince William Sound Demonstration Project: Dr. Robert Campbell, Lead PI, 

Prince William Sound Science Center; Co-PI Dr. Carl Schoch, consultant)
The PWS pilot project is progressing as planned. Funds in this proposal are being used to complete the 4 major AOOS models, conduct the observing system experiment (OSE) July 19 to August 3, 2009, and conduct the model assessment from the resulting dataset. Following the field experiment, the PIs developed a “lessons learned in the field” report, met several times by teleconference to discuss post-experiment results and analyses, and prepared a manuscript describing the experiment for EOS.  In January 2010 a special session of the Alaska Marine Science Symposium was devoted to the field experiment with 10 PIs giving talks.  Dr. Carl Schoch, lead scientist for the project, delivered the keynote address at the full symposium on Gulf of Alaska day. Numerous publications documenting the OSE results are underway.
Regional Oceanographic Modeling System (ROMS) modeling (Dr. Yi Chao, Jet Propulsion Laboratory)

Work during this period included participating in the real-time field experiment during July 21- August 3, 2009 and follow-up analysis. A detailed description of the field experiment itself was included in the August report.  
Key components of the PWS ocean observing system now include both fixed platforms and periodic surveys (Fig. 1). The observational program was used to provide real-time data directly to various user groups and to develop numerical models for forecasting weather, waves, and ocean conditions.  These models include the Weather Research and Forecasting (WRF) model, the Simulating WAves in the Nearshore (SWAN) model, and the Regional Ocean Modeling System (ROMS).  The ROMS model developed for PWS is capable of data assimilation allowing the use of real-time observations to correct for model error. A second field experiment in 2009 was designed to quantitatively evaluate how well the weather, wave, and ocean circulation models performed in predicting actual conditions. The fixed array of observing system instruments was augmented during the field experiment by additional vessel-based measurements of pressure (depth), conductivity (salinity), temperature, chlorophyll fluorescence, turbidity, and nutrients along latitudinal and longitudinal transects in the central basin.  Nearly continuous measurements of temperature and salinity were also collected using a Slocum glider and a REMUS-100 autonomous underwater vehicle (AUV).  The AUV-based sampling proved to be an important component in this effort in being able to obtain continuous spatial and temporal data sets needed by the model for improving performance.  Four types of drifting buoys were used to observe the circulation of PWS: Argosphere drifters made by Metocean Data Systems, Surface Velocity Program (SVP) drifters made by Pacific Gyre, Microstar drifters also made by Pacific Gyre, and the U.S. Coast Guard (USCG) Self Locating Data Marker Buoy (SLDMB) made by Metocean.  The drifting buoys were repeatedly deployed, retrieved, and redeployed during the two week period spanning spring and neap tides. 
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Figure 1. Locations of the in situ observational sensors and platforms during the 2-week long 2009 field experiment. 

The Weather and Research Forecast (WRF) model is used for the atmospheric forecast in PWS and is compatible with NWS requirements.  The National Weather Service (NWS) has forecast with 12-km grid spacing and provides the needed lateral boundary for the 4-km WRF forecast.  Weather observations to validate the forecasts are provided by 8 land based SnoTel weather stations, 5 buoy mounted weather stations, and 3 coastal C-MAN stations. The main lesson for this component is to run the PWF-WRF twice daily. The advantage would be that the ocean model would receive updated wind inputs every 12 hours rather than 24 allowing more accurate short-term forecasts due to more timely observational data.
Ocean circulation forecasts and error estimates are based upon a nested series of three ROMS domains with a grid size of 9, 3 and 1 km encompassing the GOA, the south central coast of Alaska, and PWS, respectively. Coastal freshwater discharge and tides were identified as the primary driving mechanisms of local coastal circulation in the GOA and PWS. A digital elevation model was used to incorporate freshwater discharge into the PWS ROMS. The DEM also includes glacier, snow storage, and melting processes. The freshwater discharge has been divided into point sources (major rivers) and line sources (grid coastlines). The estimated fresh-water discharge was validated by the Copper River observed stream flow. A unique addition to the ocean forecast system is the data assimilation capability to adjust model nowcasts to better reflect actual ocean conditions. A 3-dimensional variational data assimilation (3DVAR) method (Li et al., 2008, 2009) was implemented for the PWS ROMS so that near real-time in situ and satellite data can be assimilated to provide operational nowcasts which serve as the initial conditions for 2-day forecasts. With the observational data being assimilated into ROMS, the forecast skill during the 2009 experiment shows a significantly improvement when compared to the 2004 experiment. An experimental ecosystem modeling component was also included in the ROMS nowcast and forecast. 

Researchers are now in the reanalysis phase to better quality control the observational data and improve the model forecast. The quantitative evaluation of the model forecast will be reported in a separate technical article. 

Ecosystem modeling (Dr. Fei Chai, University of Maine)
As a part of PWS operational modeling activity, nutrient-phytoplankton-zooplankton (NPZ) processes have been incorporated into the ROMS circulation model. Dr. Chai at the University of Maine has been collaborating with Dr. Yi Chao and his group at UCLA and JPL, and we have successfully implemented a NPZ model into the 3 level nested ROMS (Regional Ocean Model System), with 1 km resolution (level 2) for the Prince Williams Sound region. The NPZ model is based on the Carbon, Silicate, and Nitrogen Ecosystem model (CoSiNE), which was developed for the equatorial Pacific and modified for the Gulf of Alaska and PWS. We have conducted several ROMS-CoSiNE model simulations, and preliminary analysis focused on seasonal cycle of 2004. Some ROMS-CoSiNE results were presented at the PWS PI meeting in January 2010.
Towards a successful operational forecast of the ecosystem in PWS, we used the 2004 forcing field to conduct the ROMS-CoSiNE model simulation to simulate the seasonal variation of PWS and adjacent waters. World Ocean Data 2009 from these regions had been used for the model validation. To overcome the scarcity of available data, 5 domains (Figure 2) had been selected for model and data comparison. PWS (Domain 1) and Seward Line inner domain (domain 3) have a relatively dense data set, and are focus of our model-data comparison. In PWS, the model produced a reasonable seasonal cycle of temperature, salinity and chlorophyll. Chlorophyll climatology data shows a clear fall bloom due to the fall weakening vertical stratification, thus nutrient repletion, and high chlorophyll concentration. The model chlorophyll in PWS is very much comparable with WOD data set and remote sensing chlorophyll, although the model fall bloom is not as pronounced as in the data. The model nutrients (nitrate, phosphate and silicate) concentration in PWS is relative low compared with the WOD data, especially during the winter months. The model nutrient concentration in Seward Line inner domain is much better resolved, and its winter concentration is reasonably high. Both data and model chlorophyll shows a fall bloom. Overall, the model reproduced a seasonal cycle in PWS and northern Gulf of Alaska, and the results provide a good agreement between model and WOD data and remote sensing data. It provides a solid base for marine ecosystem operational forecast in PWS.

During the past ten months, we have focused our efforts to conduct the ROMS-CoSiNE model simulations near real time, and producing the NPZ model results for the PWS field experiment during July 21- August 3, 2009. 

We are continuing our model evaluation with available observations, and continuing to improve overall model performance in resolving the seasonal cycle of: chlorophyll and primary production; nutrient transport and generation; light field and effect on primary productivity; and incorporating iron into CoSiNE. In collaborating with Dr. Rob Campbell at the PWS Science Center, we are going to compare the nutrients, oxygen, and more chlorophyll observations with the modeled results, especially focusing on the sections where the field measurements were conducted. In the near future, based upon these model-data comparisons, we plan to re-run the ROMS-CoSiNE model for the period from April to October 2009, which will include adjusting some parameter values to improve the model performance. Our efforts in the near future also include multi-year nested ROMS-CoSiNE model simulation for Gulf of Alaska and PWS to investigate the interannual and decadal variability, 1990 to present. The goal for the ROMS-CoSiNE modeling work this year is to prepare a manuscript to document the model development and improvement with model-data comparisons for PWS.
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Figure 2. WOD data points in PWS and Golf of Alaska, and 5 domains for domain averaged physical and biology parameters. PWS is Domain 1. Seward Line inner domain is domain 3.

Observing System Experiment (Mark Halverson, Prince William Sound Science Center)
The observing system experiment was comprised of logistical support and instrumentation for the Sound Predictions 2009 model validation field experiment.  The Prince William Sound Science Center contributed three CTD profilers, an in-line thermosalinograph and fluorometer, 15 surface tracking floats, 9 SVP drifters drogued at 10m, and 3 SVP drifters drogued at 40m.  Subsurface moorings in Hinchinbrook Entrance and Montague Strait were also functional during the field experiment although they do not telemeter data. 

Work during the last period includes quality control and processing of field data from the experiment, retrieving and re-deploying the entrance subsurface moorings, and preparation for conference presentations.  Post-experiment processing was the first task following the field work, and the AOOS ftp server has been updated with the changes.  The subsurface moorings were recovered in October 2009 and deployed again one month later.  Processing of this data is underway.  Finally, significant progress has been made in analyzing the data and developing a picture of the circulation in preparation for conferences and publications.  

In terms of conferences, a broad overview of the experiment and an early summary of the drifter trajectories were presented at the Eastern Pacific Ocean Conference in Sidney, BC, in September 2009.  A more detailed look at the geostrophic and wind-driven components of the flow was given at the Alaska Marine Science Symposium in January 2010.  Finally, a poster focused on the formation of a cyclonic gyre that formed mid-way through the experiment will be given at the AGU Ocean Sciences meeting in Portland, OR, in February 2010.

A major goal of the analysis is provide a dynamic description of why a gyre formed part way through the experiment.  The first step is to describe the total flow (as seen by the drifters and/or HF radar) in terms of the individual contributions by pressure gradients, wind, tides, and non-linear effects.  

Processing the latest data from the subsurface moorings is underway.  Tidal motion dominates the total velocity in the into-Sound direction, and can exceed 100 cm/s at maximum flood or ebb.  The currents weaken towards the end of the period as the tidal range decreases from spring tides at the beginning of the experiment to neap tides at the end.  There is some depth variation as well.  Flow in the orthogonal direction is much weaker with velocities on the order of 10 – 40 cm/s.  There appears to be a tidal signal, and the flow has a significant amount of vertical structure.

 SEQ CHAPTER \h \r 1Nearshore moorings (Dr. Robert Campbell, PI)
Three nearshore moorings were deployed April 7th 2009 on SERVS (Ship Escort Vessel Response System, a division of the Alyeska Pipeline Service Company) floats located in Port San Juan, Naked Island, and Esther Island.  Each mooring consists of a Seabird Electronics model 16 (measuring conductivity, temperature, and pressure), and a WETlabs FLNTUSB (chlorophyll fluorescence, turbidity).  Measurements are taken every ten minutes.  

The Port San Juan and Esther Island instruments are interfaced through a Campbell Scientific CR1000 data logger, which transmits the data to a StarBand satellite base station at nearby salmon hatcheries.  Data is sent out by internet, and archived on the Alaska Meteor Burst Communication System (ambcs.org), from which it is served into the AOOS data repository.  There is no base station at Naked Island, and the instruments are set to log data internally.  The Naked Island mooring was visited three times during the 2009 field experiment, and the data uploaded to the AOOS ftp site.  The Naked Island mooring was visited again on November 2009 and taken back to the PWS Science Center in Cordova for cleaning and service (the bio-wiper on the fluorometer had worn down prematurely); that mooring was redeployed on January 31, 2010.

The temperature and salinity records from all the floats show a similar pattern, with warming over the summer months and a concomitant reduction in salinity, followed by cooling and an increase in salinity in the autumn/winter period.  There is some indication of a north-south gradient in warming, with Esther Island being the warmest and Port San Juan the coolest; all sites were approximately the same temperature by August and autumn cooling patterns were similar.  The Naked Island site had higher salinity, which is likely due to its location:  its position in Cabin Bay is close to the open waters of PWS.  The Esther Island and Port San Juan sites are in enclosed bays, and closer to shore.  The timing of bloom events seen in the chlorophyll-a record was quite different between sites.  There was a bloom at Naked Island in late April and late May, while the bloom at Port San Juan was in early and mid-May.

Equipment for a fourth mooring has been ordered, and the decision on where to site it will be made shortly.  There are a limited number of SERVS floats in PWS, and none are sited near to a satellite upload location.  An alternative location at the Tatitlek ferry dock is being investigated.

HF Radar (Dr. Mark Johnson, UAF)
The HF radar in Prince William Sound at the Shelter and Knowles Bay sites operated through August 4th, as planned.  Both sites were completely decommissioned in early August, after the experiment. The two HF radar antennas, related hardware and software were on loan to AOOS from the Institute of Marine Science (IMS), University of Alaska Fairbanks along with two biodiesel generators that provided remote power, tools, and equipment. All data are currently available via the AOOS Data Portal.

Johnson continues to work with the HF radar data and recently posted a “5-degree” data set at the request of PWS FE PI Carter Ohlmann. As time permits, Johnson is analyzing the HF radar data acquired during the July 19th, 2009 “big storm” to assess data quality Current estimates during significant wave height is a known issue with HF radar data.

III.ISSUES

A.  Future of HF Radar

Long-term HF Radar operations in Alaska should recognize significant start-up costs associated with site preparation, transfer of equipment to remote locations, supplying power, establishing telecommunications and the operational costs of acquiring data. The major issue regarding the use of HF radar as a tool in Alaska’s ocean observing program relates to the lack of power and telecommunications at remote sites. Major funding is required to develop and maintain a team to work on HF radar year round.

B. Programmatic reviews
Two major reviews are currently underway.  One regards the entire Prince William Sound Observing System, following the last four year program ramp-up and summer 2009 field experiment.  A review team is being organized to assess the observation platforms, models, and data products in terms of their costs and benefits to stakeholders.  The team’s report will help the AOOS Board determine future directions and funding.  The second review concerns the AOOS data management system, which has been a major funding initiative of the AOOS board since 2005.   The review is being done also to determine its future funding and direction and develop options for board consideration relating to staffing, management, program goals, and funding.
IV.BUDGET ANALYSIS
All financial reports are up to date.
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