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Coastal environments world wide are being degraded through increasing human pressures. In 
order to understand how these environments are changing and what decisions are needed to 
manage them at an ecosystem level, an ongoing ecosystem-based monitoring system is 
necessary. The challenge is to observe and monitor the whole system from the smallest 
organisms at the base of the food web to the largest predators, and the physical and chemical 
environment that affects them. This is especially challenging in coastal waters where the currents 
are strongly influenced by tides, winds, shallow banks, and rivers.  High natural variability on 
hourly to daily time scales makes it difficult to observe and understand change occurring over 
longer time scales.  
 
The Coastal Observing Center at UNH is working to create 
a system for monitoring the marine ecosystem in the 
western Gulf of Maine. Research at the Center is laying the 
foundation for an observing system with the capability to 
detect, understand, and ultimately forecast changes in the 
ecosystem. The system is designed to serve the information 
needs of fisheries and coastal resource managers, educators, 
and scientists. The western Gulf of Maine region of interest, 
shown on the map on the right, is centered at the entrance to 
Portsmouth Harbor and extends north to the Kennebec River 
and south to Cape Cod.  
 
Since its establishment in 2002, the Center has achieved 
national prominence for its achievements in two areas. One 
is for developing technology capable of addressing 
exchanges between the land and the ocean, and the other is 
for developing educational materials that link buoys, boats, 
and satellites to the K-12 classroom. We are positioned to 
achieve national prominence within the next year in several 
other areas. Progress of the Center through August 2006 is 
detailed in this report.  
 
 

 
 

Fig. 1.  Western Gulf of Maine. 
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• GOALS AND OBJECTIVES 
 
The three central goals of the UNH Center for Coastal Ocean Observation and Analysis are listed 
here with related objectives.  Progress toward each of the objectives is described on the 
following pages of this report, with additional details provided in an Appendix. 

Goal #1. Develop and implement an observing system for monitoring the western Gulf of 
Maine ecosystem. 

1.1 Data Acquisition Subsystem: Continue making systematic observations of the lower trophic 
levels of the pelagic ecosystem and the physical and chemical environment; add rate 
measurements needed for model parameterization and validation. 

1.2 Modeling and Analysis Subsystem: Develop a hierarchy of models as a quantitative tool for 
investigating the effects of environmental variability on key planktonic species; develop novel 
satellite remote sensing algorithms tailored for our region to map primary productivity, trace 
river plumes, and index water quality and metabolic state. 

1.3 Data Management and Distribution Subsystem: Maintain and enhance WebCOAST as the 
portal for all data and information products produced by the Center. 

Goal #2. Promote and facilitate the use of coastal ocean observing data and information by 
resource managers, educators, scientists, and NOAA forecasters and forecast modelers . 

2.1 Engage fisheries stakeholders in the design of models that can be used as tools for decision 
making and obtain feedback from this community to improve the utility of these models.  

2.2 Engage coastal resource managers in the design of data and information products derived 
from coastal observing data to help them assess water quality and other environmental 
variables and trends. 

2.3 Develop resources and offer training to enable educators to utilize coastal observing data in 
formal and informal settings. 

Goal #3. Complement and enhance national / regional expertise in coastal ocean observing. 

3.1 At the regional level, participate as an active member of the Gulf of Maine Ocean Data 
Partnership, and remain active in the establishment of the Northeast Regional Association of 
Coastal Ocean Observing Systems. 

3.2 At the national level, continue to serve on the National Federation of Regional Associations 
Organizing Committee and various working groups for NOAA’s Coastal Ocean Technology 
System.  

3.3 Publish our observational data, using common data management standards and protocols, in 
a machine-to-machine interoperable, web-enabled environment that will allow arbitrary 
users to discover, retrieve, extract, or parse the data and transport it to another computer.   

3.4 Develop and implement a strategic plan for sustained, long-term observations of the western 
Gulf of Maine ecosystem serving the needs of fisheries and coastal resource managers, 
educators and scientists. 
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Fig. 2 -- Four years of data: contours of temperature (top) and salinity (bottom) at station 
WB3, located 22 km offshore of Portsmouth, NH. These figures incorporate data from both 
REACH and COOA cruises. Interannual differences are clearly evident such as the lower 
salinity waters in 2005 and 2006. 
 

• PROGRESS TO DATE 

Goal #1. Develop and implement an observing system for monitoring the western Gulf of 
Maine ecosystem. 

1.1 Data Acquisition Subsystem: Continue making systematic observations of the lower trophic 
levels of the pelagic ecosystem and the physical and chemical environment; add rate 
measurements needed for model parameterization and validation. 
 
Cruises.  Beginning in the spring of 2004, we began conducting monthly cruises along two 
transects (fig. 1) to measure phytoplankton and zooplankton together with physical, optical, and 
chemical properties of the water. This strategy enables us to assess the influence of rivers, 
weather, and climate-mediated forcings in controlling the productivity of the western Gulf of 
Maine. It also provides us with the requisite data to validate and develop ocean color remote 
sensing algorithms.  Through the end of August 2006, we have conducted 26 Wilkinson Basin 
transects and 20 Coastal Transects. In some locations the time series of measurements goes back 
to 2002 and interannual variability in the physical forcing of the western Gulf of Maine is clearly 
evident (fig. 2).   
 
Our suite of measurements includes CTD and optical profiles at all stations, and pCO2, oxygen, 
beam attenuation, and CDOM and chlorophyll fluorescence collected between stations using a 
unique flow-through fast-rate equilibrator system. At each station and depth sampled, we collect 
water for lab analysis of alkalinity, pH, DIC, DOC, DON, nutrients, POC, SPM, zooplankton 
biomass and taxa, phytoplankton pigments, and absorption properties. These ship-based 
observations provide a baseline for the nutrient and carbon cycles in our coastal waters, and 
place their variability in the context of ecosystem changes. 
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Fig. 3.  Lamprey River discharge and Great Bay salin ity records.  Measurements made this year are 
superimposed on colors representing percentages of the historical data that fell within a specific range: 
50% of observations for a given day fall in the red band, 70% fall between the yellow bands, 80% 
between the light blue bands, and 100% of observations fall within the dark blue bands (Graphics by 
Ru Morrison).  The small white square on the discharge plot is a manual measurement on May 18. 

Remote Sensing.  We continue to acquire and process MODIS chlorophyll and SST data using 
the standard algorithms furnished by NASA. We acquire level 2 data from NASA, remap the 
data to a standard projection, and composite the data over 8-day periods. The composited data 
are made available over WebCOAST in a variety of formats that are compatible with commonly 
used software (e.g., NetCDF, HDF-EOS, etc.). In addition, browse images (jpegs) and movies 
(mpegs) of all 8-day composites can be viewed or downloaded from WebCOAST. 
 
Great Bay Buoy.  A Coastal Buoy project was initiated in 2004 with the goal of developing a 
reliable system for monitoring estuarine waters that provides data of direct use to stakeholders.  
Specific objectives were: (1) to develop a readily deployable buoy with a modular backbone, (2) 
to characterize coastal ecosystem components utilizing recently developed sensor and antifouling 
technology, (3) to provide real-time telemetry to shore by using the latest wireless technology, 
(4) to implement a shore-based data management system, and (5) to generate useable products 
through modeling and synthesis and consultation with interested partner groups especially the 
coastal management and education communities. 
 
The buoy was deployed this year on May 12, just prior to the arrival of an extreme weather 
system that dropped in excess of 15 inches of rain on regions of coastal New Hampshire and 
nearby Maine and Massachusetts in just over three days. During this time the USGS-measured 
river discharge of the Lamprey River reached record levels  (based on a 73 year dataset), and 
many people’s homes in the region were severely damaged. Salinity levels in Great Bay were 
also the lowest on record (based on a 25 year dataset, fig. 3).   

Discharge events early in the year, the spring freshet of 2005 and May storms of 2006, appear to 
be associated with lower amounts of CDOM per unit of freshwater discharge compared with 
events later in the year, such as that in October 2005. These results suggest complex controls of 
the supply of dissolved organic carbon to estuaries and coastal waters.  We are continuing to 
analyze the data to understand the influence of the watershed on the coastal ecosystem. 
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1.2 Modeling and Analysis Subsystem: Develop a hierarchy of models as a quantitative tool for 
investigating the effects of environmental variability on the coastal marine ecosystem and its key 
species; Develop satellite remote sensing algorithms tailored for our region to map primary 
productivity, trace river plumes, and index water quality and metabolic state. 
 
Hierarchy of models. We have initiated three model development efforts. Two of these are tasks 
being conducted by Drs. Fei Chai and Huijie Xue under a subcontract to the University of Maine, 
and the third task is being conducted in collaboration with Professor Changsheng Chen at the 
Marine Ecosystem Dynamics Laboratory at UMass-Dartmouth.  
 
Biogeochemical model. Dr. Fei Chai and the modeling group at the University of Maine have 
continued to develop and test the coupled biogeochemical model for the Gulf of Maine. The 
biogeochemical model has been fully incorporated into the GoMOOS circulation nowcast/ 
forecast system for the Gulf of Maine. The biogeochemical model parameters have been adjusted 
for the Gulf of Maine based upon observational data provided by the Coastal Observing Center 
and other field observations. They have processed historical nutrient data for the Gulf of Maine, 
which have been used for model evaluation. The physical-biogeochemical model has been used 
to produce daily nutrients and chlorophyll fields for the period of January 2002 to June 2006. 
The biogeochemical model reproduces many observed features, including spring phytoplankton 
blooms for most areas of the Gulf of Maine. However, the model has difficulty simulating fall 
phytoplankton blooms, and this has still not been fully resolved (see Appendix for details).  
 
Kennebec plume model. Dr. Huijie Xue and her students developed a hydrodynamical model for 
the Kennebec River Estuary. The model is a 3-D, nonlinear, primitive equation model forced 
with surface wind, surface heat and fresh water fluxes, river discharges, and boundary forcing 
from the open ocean (including tidal and subtidal inflow). It solves for time-dependent, three-
dimensional velocity, temperature, salinity, mixing coefficients, and the sea surface elevation.  It 
is nested in the GoMOOS nowcast/forecast system with its offshore boundary located about 25 
km from the open shoreline. The model presently produces hindcasts of salinity and currents in 
the Estuary and nearby coastal waters that can be used to determine the plume and its variability 
in response to real- time riverine flux, tides and wind. Output from the model (e.g. SST, salinity 
and velocity) is presently being validated using our field observations in 2004-2006.  These 
analyses are providing key information for improving the Kennebec model as well as the larger 
GoMOOS model.  

 
Particle tracking model. In collaboration with Professor Chen and postdoctoral research associate 
Dr. Martin Huret, we have developed a model to simulate the fate of particles with realistic 
behaviors for the planktonic early life stages of Atlantic cod placed in the 3-D flow of our region.  
The underlying physical model is the unstructured Finite Volume Coastal Ocean Model 
(FVCOM) developed by Professor Chen. It has been implemented to simulate fine-scale 
circulation forced by variable winds and hydrography in the western Gulf of Maine, and runs on 
a supercomputer at UMass-Dartmouth. We have completed the first phase of a study of the fate of 
dispersal of cod larvae from spawning areas located in the western Gulf of Maine. The study 
couples a physical circulation model with tracking of particles represent ing cod eggs and larvae.  
The location and timing of spawning areas were obtained from NOAA reports of survey data and 
from information exchanges with local area fishermen. The results show the importance of 
Massachusetts and Cape Cod Bays as juvenile nursery areas for cod spawned as far away as mid-
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coast Maine. The study is intended to serve as a management tool for placement of protected areas 
and predictions of environmental influences on recruitment success of Gulf of Maine cod. The study 
was reported at a larval fish workshop held in Nantes, France in April, 2006. A scientific report of 
the findings has been accepted for publication in a scientific journal (Huret et al., accepted). A 
newly created link on our website reports on progress in this area.1  
 
Satellite algorithms . Another set of tasks under the modeling and analysis subsystem involves 
the development of satellite remote sensing algorithms.  Two major goals have been set for the 
2005-2006 cycle: (1) Parameterize a model of remote sensing reflectance based on our optical 
measurements, and (2) Develop an algorithm to track river plumes.  The reflectance model will 
be used as the basis for producing maps of optically active constituents from MODIS data.  
Results of the algorithm and the model as applied to in situ measurements will provide 
information for parameterizing or validating the biogeochemical model to be implemented by 
Dr. Fei Chai.  His model will have both a large and small phytoplankton component, and the 
modeling of phytoplankton absorption will likewise resolve large and small classes of 
phytoplankton. As noted in the February 2006 semi-annual report, the implementation of the 
expanded products from remote sensing has been hampered due to continuing inaccuracies in the 
satellite-derived water- leaving radiances. These inaccuracies are most likely associated with 
errors in atmospheric correction. We are investigating several possible algorithm approaches as 
detailed in the Appendix. 
 
In an effort to use satellite data to track river plumes, we are investigating the relationship 
between properties amenable to remote sensing (e.g., the absorption of CDOM, SST, particle 
concentrations) and indices of water quality and biogeochemistry of the river plumes. We expect 
that estuary-specific relationships can be derived that are robust and useful for monitoring the 
extent and influence of river plumes. In short, we hypothesize that if the land DOC concentration 
is known (e.g., measured by a coastal buoy such as the one we have deployed in Great Bay), it is 
possible to trace the origin and trajectory of a colored plume from space. Moreover, it may be 
possible to map salinity using the initial DOC concentration and satellite data since the colored 
DOC acts as a conservative tracer over short time scales. Our results have been reported in 
presentations at the 2006 Ocean Science Meeting (Salisbury et al. 2006; Vandemark et al. 2006) 
and in a recently accepted scientific journal article (Salisbury et al. accepted).   
 
1.3  Data Management and Distribution Subsystem:  Maintain and enhance WebCOAST as the 
portal for all data and information products produced by the Center. 
 
Our observational data are managed and distributed by WebCOAST. During this reporting 
period, 6969 data sets were distributed including 6482 MODIS satellite images and 334 cruise 
data sets. The site had 7000 visitors, of which 50% were commercial (.com), 10% non-
commercial (.net) and 10% educational (.edu). The core of the WebCOAST system consists of 
an object-oriented relational database and its associated middleware. Data are either stored 
locally or at distributed sites such as the Woods Hole Oceanographic Center. Data include 
observations taken during our cruises, MODIS satellite imagery processed by our Center, and 
several small datasets from other monitoring programs in the Western Gulf of Maine and Great 
Bay. The largest data volume is the approximately 370 gigabytes of satellite imagery.  
                                                 
1 http://www.cooa.unh.edu/transport/transport.jsp. 
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This year we designed and implemented a comprehensive plan for improving the Center’s 
website and availability of data. The improved system reduces or eliminates down time of the 
Center’s website and maintains the integrity of archived data.  Details are in the Appendix. 
 

Goal #2. Promote and facilitate the use of coastal ocean observing data and information by 
resource managers, educators, scientists, and NOAA forecasters and forecast modelers. 

2.1 Engage fisheries stakeholders in the design of models that can be used as tools for decision 
making and obtain feedback from this community to improve the utility of these models.  
 
Our approach to engaging fisheries stakeholders involves fishermen, fisheries managers and 
scientists in information exchange and planning workshops for the purpose of integrating 
observing system data and interpretive models into ecosystem-based management practices.  Dr. 
Jeffrey Runge, the lead P.I. representing the Center in this activity, addressed fishermen about 
the development of coupled physical-biological models and the need for observing system data 
at the Maine Fisherman’s Forum in March, 2006 (Runge 2006). 
 
Last year, we initiated a project with the Northwest Atlantic Marine Alliance (NAMA) located in 
Saco, Maine, with supplemental funding from the UNH Vice-President’s Office for Research 
and Public Service. The purpose of the project was to promote two-way exchange between the 
local fishing community and regional scientists about the development and role of coupled 
ecosystem modeling for ecosystem-based management of local fish stocks. This project 
supported the fishermen to participate in workshops and product development related to the 
Center’s observing data, modeling and analysis work. Three information exchange sessions were 
held in winter-summer 2004-2005. The proceedings of these meetings are reported by Runge and 
Deese (2005). The outcome is a pamphlet entitled “Ecosystem relationships in the Gulf of 
Maine: collaborative observations and data by fishermen and researchers ” published by NAMA 
(in press). The target audience is the fishing community and members of the New England 
Fishery Management Council. It can also serve as a summary of ecological knowledge of food 
web and cod spawning dynamics in the western Gulf of Maine for researchers, managers and the 
general public. A report on the document can be found in the August 2006 issue of 
Collaborations.2 
 
2.2 Engage coastal resource managers in the design of data and information products derived 
from the coastal observing data to help them assess water quality and other environmental 
variables and trends. 
 
We are working closely with the Gulf of Maine Council on the Environment and their Ecosystem 
Indicator Partnership towards development of the “Coastal Marine Toolbox.” We focused 
initially on the Gulf of Maine Monitoring Programs database hosted by the Council and housed 
at UNH. We received some additional funding from the Council to design an end-to-end tool for 
updating and adding programs to their database and to automatically generate the DIF file for 
inclusion in the Global Change Master Directory (GCMD). The GCMD has designated a portal 

                                                 
2 http://www.namanet.org. 
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specifically for the Monitoring Programs Inventory. As part of this effort, many programs 
needed updated information. WebCOAST personnel are working with John Shipman (under 
subcontract to the Center) to contact programs and update their records, beginning with programs 
that monitor nutrients or pollutants, constituents that may be useful as indicators of the health of 
the Gulf of Maine. The next step is to define the location of each program in a geographical 
context usable in a Geographic Information System. This work will provide the basis for creating 
map-based web products and for supporting spatial queries such as “Who has researched harmful 
algal blooms in Casco Bay, ME?” 
 
2.3 Develop resources and offer training to enable educators to utilize coastal observing data in 
formal and informal settings. 
 
Curriculum Development and Teacher Training.  This year, UNH and the Gulf of Maine 
Ocean Observing System held their Third Annual Ocean Observing Educator Institute with the 
theme of “Seasons in the Sea: Understanding Change in the Gulf of Maine using Buoys, Boats 
and Satellites.”  Similar to the past workshops, twenty teachers from across the country gained a 
large amount of information through interaction with the COOA and GoMOOS scientists and 
our Education Team here at the Coastal Observing Center.  
 
Web-based Tools for Classroom.  This year, we adapted and developed an on-line software 
tool to access, display, and analyze remote sensing images from our archive.  This free and easy 
to use program is called ICEBOX. 3  This tool was developed in order to eliminate the steep 
learning curve for teachers while learning the ImageJ remote sensing software which we also 
offer as a tool for teachers to take back to the classroom.  Both tools can be downloaded from our 
website along with tutorials that we developed for teachers and students.4 
 
Informal Education Exhibits and Projects.  The UNH Coastal Observing Center has been 
collaborating with GoMOOS and the Seacoast Science Center in Rye, NH to create an Ocean 
Observing exhibit which is scheduled to open in October 2006.  The exhibit theme is Seasons in 
the Sea and is designed to orient and engage the viewer about ocean observing in the Gulf of 
Maine.  Through maps, data products, images and real- time buoy data, participants will have the 
opportunity to manipulate dials and levers to translate the real- time data updates that are being 
collected by the GoMOOS buoys.  This year’s GIS Day events on November 1, 2006 will focus 
on the topics of Ocean Mapping/Ocean Exploration. We are helping coordinate Ocean Observing 
related efforts that directly connect to this topic. 

Goal #3. Complement and enhance national / regional expertise in coastal ocean observing. 

3.1 At the regional level, participate as an active member of the Gulf of Maine Ocean Data 
Partnership, and remain active in the establishment of the Northeast Regional Association of 
Coastal Ocean Observing Systems. 
 
The Gulf of Maine Ocean Data Partnership5 was launched in April 2004 by several 
organizations in the region.  Its purpose is to enable a system of dynamic data exchanges 
                                                 
3 http://www.cooa.unh.edu/education/icebox/index.jsp. 
4 http://www.cooa.unh.edu/education.jsp. 
5 http://www.gomoos.org/coml/bin/view/Main/DataPartners. 
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(ongoing and on-the-fly) by integration of distributed ocean data bases. GoMOOS hosts the 
Partnership, but the Partnership has its own governance. Currently, 21 of the region’s major 
ocean data generators have signed the Memorandum of Understanding creating the Partnership.  
These include operators of the national “backbone” and regional and state observing systems, 
including our Center. Annette Schloss is a member of the GoMODP Technical Committee and 
participates on a subcommittee tasked with defining vocabularies for describing monitoring data. 
She prepared an informational poster and brochure for the Partnership. The poster was presented 
at the fall meeting of the American Geophysical Union, Dec. 2006, San Francisco, CA and at the 
Fifth National Monitoring Conference of the National Water Quality Monitoring Council, May 
2006, San Jose, CA. Dr. Schloss was asked to join the planning committee for the upcoming 
GoMODP Technical Committee workshop on web services, planned for October 2006. 
 
Our Center director, Janet Campbell, is a Co-Investigator on a planning grant from NOAA to 
establish the Northeast Regional Association of Coastal Ocean Observing Systems  
(NERACOOS).  The principal investigator is Evan Richert, and other Co-Is are Philip Bogden, 
David Mountain, Neal Pettigrew, and Bob Weller.  Dr. Campbell’s role will be to conduct a gap 
analysis, in collaboration with Bob Weller and Neal Pettigrew, to determine gaps in data 
collection, understanding, data management, and products suited for various user groups. Dr. 
Campbell also serves as a Vice President on the Board of Directors of GoMOOS.  The Center 
supports two GoMOOS buoys as part of our regional cooperation. 
 
Janet Campbell and other members of the UNH Coastal Observing Center have begun working 
closely with the NERACOOS to create demonstration products in four initial focus areas: 1) 
Coastal Water Quality assessment, 2) Harmful Algal Blooms, 3) Fisheries Ecosystem 
Management, and 4) Inundation.  Hydrodynamic model capability for the regions estuaries and 
embayments was articulated as a key need at a recent meeting conducted by the NERACOOS for 
coastal managers involved in water quality assessment (focus area 1).  A team from our Center, 
led by Dr. Ru Morrison, will be responsible for advancing this demonstration product.   
 
3.2 At the national level, continue to serve on the National Federation of Regional Associations 
Organizing Committee and on work groups for NOAA’s Coastal Ocean Technology System.  
 
The two representatives to the National Federation of Regional Association Organizing 
Committee from the Northeast Region are Janet Campbell and Philip Bogden.  Dr. Ru Morrison 
will replace Dr. Campbell as a member of this committee.  Dr. Morrison attended the NFRA 
meeting on March 2006 in Washington DC as a representative of NERACOOS.  He is 
participating in monthly regional conference calls organized by OCEAN.US and will also attend 
the Fall Regional Meeting on November 6-9 in Chicago. 
 
3.3 Publish our observational data, using common data management standards and protocols, in 
a machine-to-machine interoperable, web-enabled environment that will allow arbitrary users to 
discover, retrieve, extract, or parse the data and transport it to another computer.   
 
All data in WebCOAST are published in the Global Change Master Directory (GCMD) and are 
included in the GCMD Portal for the Gulf of Maine Ocean Data Partnership and in the soon-to-
be-released GCMD Portal for the Gulf of Maine Monitoring Programs Inventory. At this time, 
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data can be retrieved through the WebCOAST website. Satellite data can be subsetted spatially 
and temporally and repackaged into a number of binary and ASCII formats, including HDF-
EOS, NetCDF, and Arc ASCII Grid. The most recent MODIS satellite images are also posted to 
the IOOS Web Mapping Server. We plan to implement an RSS feed for the Great Bay Buoy so 
that GoMOOS and other sites can include our buoy data as part of their online services. We are 
evaluating other machine-to-machine web services that may be appropriate for serving the 
Center’s data. Currently, these include developing standard protocols for serving Center data 
onto Google Earth applications. 
 
3.4 Develop and implement a strategic plan for sustained, long-term observations of the western 
Gulf of Maine ecosystem serving the needs of fisheries and coastal resource managers, 
educators, and scientists. 
 
We have plans to engage our team members and regional partners in a three-day retreat led by 
the Advanced Management Catalyst, Inc. group (http://www.amcinc.com).    The goal will be to 
create a strategic plan for sustaining long-term observations of the western Gulf of Maine 
ecosystem.  This retreat is planned for November 15-17 2006 at the New England Center, 
Durham, NH.  We will report on the outcome in our February 2007 progress report. 
 
• CHANGES IN THE WORK PLAN 
 
No significant changes have been made to the FY05 activities described in the Project 
Description of the two-year proposal (FY05-06) submitted in the spring of 2005. In our proposal 
submitted in December 2005 for FY06 funding, two structural changes were proposed. The first 
change concerns a splitting off of the bio-optical algorithm work into a separate “Remote 
Sensing” project under the direction of Janet Campbell. The second change involves a reduction 
in the budget for the Coastal Carbon Time Series project made possible by the establishment of 
the NOAA/UNH Joint Center for Ocean Observing Technology. 
 
Our bio-optical algorithm development has fallen behind its original schedule since the departure 
of Mark Dowell in 2004. This work previously was part of the CoMPOSE project which is 
aimed at developing a primary productivity algorithm for our region. It requires field data to 
parameterize a model relating water reflectance to the optically active constituents in the water 
column. Ru Morrison took over for Mark Dowell as P.I. of CoMPOSE, while at the same time he 
has been responsible for the field surveys (monthly cruises), all bio-optical measurements made 
at sea and in the laboratory, and the design and deployment of a coastal buoy in Great Bay. Ru is 
also actively engaged in a number of outreach efforts through the Seacoast Science Center and 
elsewhere. The goals of the CoMPOSE project have not changed, and Ru will continue as P.I., 
but to accomplish its goals, we need a person who will be responsible for organizing the field 
data into a relational database that can then be accessed by other members of the COOA team. 
The biological and optical data collected on the cruises are essential to the parameterization of a 
bio-optical algorithm. The original plan (submitted with our 2006 proposal) was to hire an 
additional person to work on algorithm development.  We have now decided to wait until after 
our strategic planning retreat before deciding whether to hire someone.  Meanwhile, we have 
been fortunate to have a summer intern (Mimi Szeto) whose excellent work helped us move this 
project along. 
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• KEY PERSONNEL 
 
Jeffrey Runge plans to leave UNH at the end of September 2006 to take a faculty position with 
the University of Maine.  He will be located at the Gulf of Maine Research Institute in Portland, 
ME, which is also the location of GoMOOS.  Jeff intends to maintain his close collegial 
relationship with the UNH Coastal Observing Center, continuing his work toward the 
development of models as fisheries management tools. We intend to request a re-budget in the 
near future to support his work under a subcontract to the University of Maine.  Dr. Martin 
Huret, the postdoctoral associate working with Jeff Runge, intends to leave in the spring of 2007, 
returning to France where he has been offered a position.  
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APPENDIX 

Additional details related to progress toward the objectives is provided here. 

Goal #1. Develop and implement an observing system for monitoring the western Gulf of 
Maine ecosystem. 

1.1 Data Acquisition Subsystem: Continue making systematic observations of the lower trophic 
levels of the pelagic ecosystem and the physical and chemical environment; add rate 
measurements needed for model parameterization and validation. 

 
Great Bay Buoy.  A rapid turnaround of the Great Bay buoy was achieved in Augus t with the 
buoy recovered on August 16, refitted with new sensors and/or cleaned and recalibrated sensors, 
and redeployed on August 18. We are continuing to learn about bio-fouling problems and 
solutions in the extreme conditions of Great Bay. Weekly sampling trips and approximately 
biweekly maintenance divers are part of the operating procedures.  We have demonstrated the 
success of diver-based instrument replacement and cleaning. For example, during the May 
floods, large concentrations of particulate matter collected inside the copper antifouling screen of 
the ISUS nitrate sensor. This was successfully remedied by removing the screen and using 
compressed air to clean the screen and probe. Also, bryozoan growth over the Aanderra oxygen 
optode sensor foil resulted in low measurements for a period at the beginning of July. This 
growth was successfully removed using a baby tooth brush but fouling reoccurred after one 
week. The Alliance for Coastal Technologies report indicated some problems with the Aanderra 
biofouling prevention system.  For the second deployment the sensor has been covered in copper 
foil apart from the sensor window (fig. 4). 
 

Appledore Island Observatory. The establishment of an observatory on Appledore Island, 
located 6 miles off the New Hampshire coast, was identified as a new project for development in 
2005.  The objective was to leverage present Center capabilities with air quality observations  
being conducted on Appledore Island by UNH’s AIRMAP project.1  The two projects together 
could address new technology developments related to water and air quality observing needs and 

 
Fig. 4.  Underwater images of the Aanderra oxygen optode on the coastal buoy in Great Bay.  
Left: Before cleaning on July 13 with a bryozoan mat growing over the face of the sensor window 
(indentation to left of sensor);  Center: After cleaning with a baby toothbrush with the bryozoan 
mat largely removed.  It took approximately a week for the sensor to become fouled again; Right:  
Completely covered in copper foil for the second deployment in 2006. 
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connect these efforts to the ongoing inland and estuarine monitoring efforts. In our Coastal 
Observing Center proposal for 2005, the initial scope of the proposed effort was modest. It 
entailed site evaluation and design along with design of a technology testbed mooring to support 
in-water observational testing near the Island.  A new project (the NOAA/UNH Joint Center for 
Ocean Observing Technology) was formed in 2005 and afforded the opportunity to accelerate 
the implementation of this plan. Meanwhile, the Coastal Observing Center supported a limited 
air-sea sampling campaign at sea in conjunction with our standard suite of observations. We 
collected air canister samples of trace gases for laboratory mass-spectroscopy analysis  of volatile 
organic compounds, carbon monoxide, nitrous oxide, dimenthyl sulfide, and an additional list of 
more than 100 compounds under study in the UNH AIRMAP program.  These measurements 
were made across the coastal zone at sites extending from the UNH Coastal Marine Lab site at 
the Piscataqua River mouth to Appledore Island, Cape Ann, and the Kennebec Estuary.  
 
New sensors .  Wetlabs, Inc. is completing a follow-on replacement to the multi-spectral EX/EM 
fluorometer called the XVF instrument. Initial tests were preformed in collaboration with 
Richard Miller (NASA-Stennis) during several of our coastal cruises this spring, and additional 
tests will be repeated in early 2007. Results are presently being analyzed for information that 
would add to our knowledge about temporal and spatial distributions of the various marine vs. 
terrestrial fluorophores to help unravel the source and temporal dynamics of dissolved organic 
matter in our region of interest.  We intend to purchase the XVF next year. 
 
We are also evaluating the next generation of the Cycle phosphate sensor (Wetlabs, Inc.).  Initial 
designs had problems associated with the microfluidics which have been greatly improved in the 
latest version.  An intensive 2 week sampling and validation effort is currently underway in 
Great Bay with the sensor mounted on the buoy measuring phosphate every 2 hours.  Validation 
water samples for phosophate are being taken at least daily and up to three times each day. 
 
We have completed a pilot field evaluation of the Pro-Oceanus Inc. gas tension device (GTD).  A 
long-term objective for this sensor is to combine GTD-derived measurements of dissolved 
nitrogen in surface seawater with dissolved oxygen and carbon dioxide measurements being 
made with our flow-through system.  The technique will allow us to detect and monitor changes 
in the water column net ecosystem production alongside ongoing phytoplankton observations 
(Emerson et al., 2002).   Part of this effort was documented by a UNH graduate student working 
within the Center (“Nonreactive gas dynamics in the Piscataqua Estuary Inlet,” T. K. Brown, 
Univ. of New Hampshire, Masters thesis, 2006). GTD flow-through measurements were 
conducted on the Gulf Challenger on eight cruises in 2005. It was finally determined that this 
ship’s intake system is not capable of delivering pristine water as needed for precision dissolved 
gas work associated with measuring nitrogen. There were too many hull- induced bubbles 
entrained into the intake. A field project was then undertaken at the UNH Coastal Marine 
Laboratory, located at the mouth of the Piscataqua River.  Five months of successful operations 
at this site show us that the GTD will give the best results in such a fixed site or moored 
deployment.  One other item related to ongoing dissolved gas observations is the addition of 
NIST traceable standards for our carbon dioxide measurements. Thanks to cooperation with the 
NOAA/UNH AIRMAP program, our CO2 measurements are now tied to NOAA/CMDL carbon 
dioxide standards in line with the climate change research community standards. 
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Biochemical tracers .  Another set of new measurements will be a suite of biochemical tracers 
made from water samples collected during the cruises. We are presently analyzing for caffeine  
(gas chromatography-mass spectroscopy) in a series of samples collected in various coastal,  
estuarine and riverine environments.  Caffeine is widely accepted as being a reliable marker of 
human activity (Siegener and Chen, 2002). Preliminary analyses show very high concentrations 
in rivers near population centers, lower in rivers within sparsely populated drainage basins, and a 
gradient in concentrations from the coast to offshore.  With preliminary analyses complete, we 
are now implementing more rigorous sampling and analysis efforts.  In addition to being a tracer 
of human activity, we will determine if routine caffeine analyses will allow the discrimination of 
different river plumes. 
 
We have also begun preliminary work on analyses for lignin phenol oxidation products as tracers 
of dissolved organic matter (DOM) from the land.  Lignin is a woody substance only found in 
land plants (Opsahl and Benner, 1996). Additionally, these tracers can tell something about the 
diagenic state of the DOM (whether it has been aged and how refractive the DOM has become). 
Their detection will involve a series of concentrations, purification and detection by HPLC and 
gas chromatography-MS (Engerlhaupt et al. 2002). A variety of tracers (Acetovanillone, 
Vanillin, Vanillic acid, Syringaldehyde, Acetosyringone, Syringic acid, Coumaric acid and 
Ferrulic acid) will be monitored, allowing us to better understand the origin of DOM in the 
western Gulf of Maine.    
 
1.2 Modeling and Analysis Subsystem: Develop a hierarchy of models as a quantitative tool for 
investigating the effects of environmental variability on the coastal marine ecosystem and its key 
species;  Develop satellite remote sensing algorithms tailored for our region to map primary 
productivity, trace river plumes, and index water quality and metabolic state. 
 
Hierarchy of models.  
 
Biogeochemical model. Several different schemes for solving advection processes in the 
biogeochemical model have been evaluated. The biogeochemical model results are very sensitive 
to different advection schemes, which produce different vertical structure of nutrient fields. The 
rate of nutrient supplied in the fall, highly related to the treatment of vertical advection scheme, 
determines fall phytoplankton blooms. We are in the process of comparing three different 
advection schemes, and will decide on one that will become the base model simulation. We 
presented some preliminary results at the Ocean Sciences Meeting in February in Hawaii (Liu et 
al. 2006). A manuscript has been outlined, and will be submitted by the end of October. Another 
manuscript (Pershing et al., in preparation), written in collaboration with A. Pershing, J. Runge 
and a number of colleagues from other regional institutions, discusses the potential role of the 
fall bloom in the control of zooplankton community structure and herring recruitment. This 
manuscript is being prepared for submission to the journal Nature. 

 
Kennebec plume model. Ongoing model syntheses efforts in collaboration with Dr. Joe Salisbury 
have helped characterize the extent and temporal variation of the Kennebec Plume and its 
association to ocean color satellite fields. These efforts have produced a proposal submission to 
NASA entitled “Tracing the fate of terrestrial dissolved organic carbon in the coastal ocean: An 
integrated study using MODIS satellite data, land flux models, and Lagrangian tracers.” 
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Particle tracking model.  This work is being carried out by a postdoctoral associate, Dr. Martin 
Huret.  The underlying physical model is the unstructured Finite Volume Coastal Ocean Model 
(FVCOM) developed by Professor Chen. It has been implemented to simulate fine-scale 
circulation forced by variable winds and hydrography in the western Gulf of Maine, and runs on 
a supercomputer at UMass-Dartmouth. Simulated particle trajectories based on measured winds 
in 1995 and 1999 can be viewed on our website.2  In a further development, a graduate student at 
UNH (Michael Bates) is using a version of FVCOM as applied by Dr.  J. Pringle for simulating 
the trajectory of commercially harvested northern shrimp larvae under various climate scenarios. 
The physical-biological model shows how interannual changes in circulation in the western Gulf 
of Maine, due to the effects of variable winds and hydrographic forcing, influence retention 
characteristics of larvae spawned in the region. This model represents the first step in the 
development of a coupled trophodynamic-physical model for northern shrimp in the western 
Gulf of Maine.  Field measurements of larvae distributions are used to parameterize the model. 
Mr Bates will present the results of his analysis as part of a Master’s thesis to be submitted in 
fall, 2006. 
 
Satellite remote sensing algorithms .   
 
Reflectance model. We planned to use the GSM01 semi-analytical algorithm3 parameterized with 
our optical observations as the basis for a reflectance model. This algorithm inverts the 
reflectance model using non-linear optimization to predict in-water optical properties. As such, it is 
extremely susceptible to radiometric errors and often fails to converge to a solution in the waters 
of the western Gulf of Maine.  We are continuing to investigate the use of the QAA algorithm4 
that is potentially less susceptible to radiometric errors. With additional support from the 
NOAA./UNH Joint Center for Ocean Observing Technology, other schemes for atmospheric 
correction may also be developed that improve these results.  
 
Efforts this summer by Mimi Setzo, a summer undergraduate intern, clearly showed that the 
standard SeaWiFS chlorophyll algorithm (OC4v4) over-predicts chlorophyll concentration in the 
Gulf of Maine. We re-parameterized the OC4 algorithm for the Gulf of Maine, and are 
investigating whether it improves agreement with our data and with other chlorophyll 
measurements archived by NASA for the Gulf of Maine.  We are also working with the 
hyperspectral radiometric profiles obtained during the regular cruises to develop a hyperspectral 
algorithm capable of resolving the solar stimulated fluorescence of phytoplankton. The increased 
spectral resolution potentially allows more quantities to be predicted. At the moment 11 
properties are retrieved by the hyperspectral algorithm which is based on the GSM01 approach.  
This compares to the three properties retrieved by the original multispectral GSM01 algorithm. 
 
Tracking river plumes.  Our previous studies have documented a relationship between the slope 
of an absorption-salinity relationship and the land flux concentration of DOC.  We have seen this 
relationship in our absorption and DOC data, as well as in satellite absorption and modeled DOC 
concentration data.  We are exploring various water quality indices to estimate oxygen saturation 
and pCO2 in the surface water of estuarine and coastal environments using optical and 
temperature data from the flow-through system. The strategy is to develop these indices with 
input data that are amenable to remote sensing.   
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1.3  Data Management and Distribution Subsystem:  Maintain and enhance WebCOAST as the 
portal for all data and information products produced by the Center. 
 

System modules are in place to allow users to search across all of our data holdings (by way of 
the Search and Retrieve Tool), automatically update the data catalog when new data become 
available (by way of cron jobs and a web crawler), monitor the processing of data orders and 
report any problems to our staff (by way of email notification), and collect site usage metrics. 
New modules are being implemented to enhance data access including machine-to-machine, data 
visualization, and data retrieval for specific user groups such as educators and coastal managers.  

At the beginning of last year, all of the web pages, data processing and RAID data storage disks 
were accessed from a single server. This setup proved to be problematic during times of 
hardware problems or software upgrades, sometimes requiring the website to be taken offline. 
This year we purchased an additional server (Dell PowerEdge 2900 with dual Intel 3.2GHz Xeon 
processors, 8 GB RAM) to separate the web pages from the database and the RAID disks. In 
addition, we have two backup systems in place including a server used for testing new 
applications that can serve the public site if necessary and a daily tape backup of the data. The 
result was to reduce down time of the Center’s website and maintain integrity of archived data. 
 

Goal #2. Promote and facilitate the use of coastal ocean observing data and information by 
resource managers, educators, scientists, and NOAA forecasters and forecast modelers. 

2.1 Engage fisheries stakeholders in the design of models that can be used as tools for decision 
making and obtain feedback from this community to improve the utility of these models.  
 
Over this reporting period, we completed the proceedings report for the July 2005 workshop 
entitled “Modeling Needs related to the Regional Observing System in the Gulf of Maine.” This 
workshop, held at the Cliff House in Ogunquit, Maine on 6-7 July, 2005, was convened by the 
Regional Association for Research on the Gulf of Maine (RARGOM) with sponsorship by the 
NOAA Center for Sponsored Coastal Ocean Research and this Center (COOA). RARGOM 
recognized this theme as particularly relevant to the initiation of a regional ocean observing 
system. The development of integrative, multidisciplinary models can serve to translate 
observing system data into useful information about Gulf of Maine processes and ecosystems. 
Approximately 50 representatives from the Gulf of Maine management and research 
communities engaged in discussions about the role and status of the observing system and 
integrative models in relation to the needs of  coastal zone/fisheries managers. Among the 
recommendations of the workshop is the development of a Gulf of Maine Consortium for 
Regional Analysis, Modeling and Prediction (i.e, a Regional Modeling Center), which would 
have, among its functions, the facilitation of transition of research models to specific user needs. 
Proceedings of the meeting and a copy of the workshop report (Runge and Braasch, 2005) are 
available on the RARGOM website.5 A followup session for the purpose of advancing 
recommendations put forward at this workshop is planned for winter, 2006.  
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2.3 Develop resources and offer training to enable educators to utilize coastal observing data in 
formal and informal settings. 
 
As stated in the introduction to this progress report, our Center has achieved national prominence 
for its achievements in the area of Education and Outreach.  This is due largely to the outstanding 
job of our coordinator, Amy Holt Cline.  In addition to the many activities that she carries out 
specifically for the Center, Amy is an active partner in the NSF-sponsored COSEE-OS (Center 
for Ocean Science Education Excellence – Ocean Systems) project (P.I. is Annette DeCharon, 
Bigelow Lab.). This newly established COSEE is working to create innovative and useful web-
based educational tools that teach about the ocean as one of the Earth systems.  Amy is currently 
serving on the National Marine Educators Association Board of Directors as well as the 
Massachusetts Marine Educators Board of Directions and is a member of the ORION Education 
and Public Awareness Committee (EPAC). She has been working with Dr. David Mountain of 
the National Marine Fisherie s Service in Woods Hole to form a graduate student team to provide 
an educational interface to the previously created NMFS web-mapping server that displays 
ground fish data.  Amy is helping facilitate the continuation of this project that could be seen as a 
successful pilot project within the Northeast Regional Association.   
 
In summer 2007, the Coastal Observing Center and GoMOOS will partner with the Monterey 
Bay Aquarium Research Institute to co-host the fourth Ocean Observing Educator Institute here 
at UNH.  This workshop will feature data collected by UNH, GoMOOS and MBARI in a 5 day 
intensive workshop offered to advanced educators with experience using ocean observing data.  

Goal #3. Complement and enhance national / regional expertise in coastal ocean observing. 

3.1 At the regional level, participate as an active member of the Gulf of Maine Ocean Data 
Partnership, and remain active in the establishment of the Northeast Regional Association of 
Coastal Ocean Observing Systems. 
 
Dr. Campbell serves as a Vice President on the Board of Directors of GoMOOS, and is co-I on 
the NERACOOS planning grant from NOAA.  Dr. Jeffrey Runge and Amy Cline are members 
of the NERACOOS Advisory Board which meets twice a year.  COOA supports two of 
GoMOOS’s buoys ($200K/yr) via a subcontract to GoMOOS. 
 
3.3 Publish our observational data, using common data management standards and protocols, in 
a machine-to-machine interoperable, web-enabled environment that will allow arbitrary users to 
discover, retrieve, extract, or parse the data and transport it to another computer.   
 
A proposed pilot project to create a map-based visualization capability for comparison of in situ 
chlorophyll measurements in the Gulf of Maine with those derived by remote sensing in 
collaboration with GoMOOS was not implemented. It was decided that a map-based 
visualization product was premature. Our first step will be to investigate differences between in 
situ hourly chlorophyll fluorescence measurements collected at buoys and the remotely-sensed 
chlorophyll. While there should be agreement at large scales (e.g., seasonal blooms), there are 
theoretical reasons why these two should differ on short (e.g., hourly) time scales, and thus a 
simple map comparison would be misleading.   
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Planned enhancements to automate updates of JGOFS datasets housed at the Woods Hole 
Oceanographic Center have also not been implemented. The data management team at WHOI 
proposed to provide us with an XML representation of their metadata that we would use to crawl 
their data files searching for updates. At this time, the XML has not been completed and the 
connection between WebCOAST and JGOFS remains a proof-of-concept.  We normally access 
only two datasets that are housed at WHOI (REACH and Fleetlink); plans are underway to 
migrate the REACH data (now complete) to servers at UNH. 
 
We developed two online tools for formal and informal educators:  (1) ICEBOX – This 
application was designed to give marine educators and other users an easy-to-use online tool for 
exploring and accessing our MODIS chlorophyll and sea surface temperature (SST) imagery in 
the Gulf of Maine. A processor generates 8-bit GIF images from MODIS data and passes them to 
the Image Composite Editor (ICE), an educational JAVA application previously developed by 
NASA. The ICE application includes a suite of tools to pan, zoom, probe and graph data using 
one-to-three images. The “ICEBOX” gives users a context-specific set of images, a tutorial, and 
a toolbox for exploring the imagery. Teachers often are not allowed to download software onto 
school computers, so this arrangement gives them ready access to some simple but powerful 
visualization tools. Images can also be downloaded and printed or used directly in other web-
based applications. Although chlorophyll and SST are used now, ICEBOX can easily be 
expanded to include data from outside sources. (2) “My Buoy Observations” – We created a 
custom web application for the Seacoast Science Center (SSC) located in Odiorne Point State 
Park in Rye, NH, as part of the “Seasons in the Sea” educational kiosk. The application uses 
RSS feeds from GoMOOS to update a customized webpage with the latest data on selected 
buoys in the Gulf of Maine. The SSC can choose buoys of interest by manipulating the URL, a 
feature that allows SSC educators to access data at different locations in the Gulf based on 
conditions such as weather or other events. 
 
3.4 Develop and implement a strategic plan for sustained, long-term observations of the western 
Gulf of Maine ecosystem serving the needs of fisheries and coastal resource managers, 
educators, and scientists. 
 
Our goal is to develop a strategic plan for the next 3-5 years for the Coastal Observing Center at 
UNH.  We will also work with GoMOOS partners to sort out our respective roles and strategies 
for the day when funding for RCOOSs is through a competitive peer-reviewed process. 
 
                                                 
1 AIRMAP URL. 
2 http://www.cooa.unh.edu/transport/transport.jsp. 
3 Maritorena, Stephane, David A. Siegel, and Alan R. Peterson, 2002.  Optimization of a semianalytical ocean color 
model for global-scale applications.  Appl. Optics, 41, 2705-2514. 
4 Lee, Z.P., K.L. Carder, and R. Arnone, 2002. Deriving inherent optical properties from water color: A multi-band 
quasi-analytical algorithm for  optically deep waters. Appl. Optics, 41, 5755-5772. 
5 http://www.rargom.org. 


