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Executive Summary 
 
        he Chesapeake and coastal bays of Maryland, Virginia, and Delaware are valuable natural resources that support a 
         variety of coastal community industries, including fisheries and tourism. Harmful algal blooms (HABs) are one 
environmental stressor that can negatively affect ecological, economic, and human health. HABs occur when phytoplankton 
grow rapidly and are often fueled by excess nutrients in the water and warm temperatures.  
 
Historically, algal blooms have caused significant negative economic and ecological consequences in the Chesapeake Bay 
region. Multiple state agencies (in Maryland and Virginia) collaborate to manage bay surveillance networks as well as 
coordinate management responses. However, detecting, identifying, and responding to bloom reports is time and labor 
intensive. Additionally, the in situ surveillance networks provide very low resolution spatial coverage. Remote sensors on 
satellites that detect the presence of phytoplankton and other algae species are another tool that has been successfully 
employed in other parts of the United States to identify and track blooms over much broader spatial scales and at higher 
resolutions. 
 
To address these concerns and opportunities, Maryland Sea Grant, along with the National Oceanic and Atmospheric 
Administration’s National Centers for Coastal Ocean Science (NCCOS), held a workshop on May 1, 2014, to discuss 
mechanisms for developing federal-state-academic-nonprofit partnerships that can improve our capabilities for detecting and 
reporting harmful algal blooms in the Chesapeake and coastal bays. The workshop featured talks introducing HABs of the 
Chesapeake and coastal bays and current remote sensing technologies as well as operational examples of their use; hands-on 
breakout groups familiarizing participants with remote sensing data and products; and group discussion about species of 
concern, research gaps, and stakeholder needs. A key component of the workshop was to provide guidance to NCCOS on 
regional needs for remote sensing tools and products as well as next steps for addressing group needs and concerns.  
 
NCCOS has developed models (for other regions of the United States) to create a “cyanobacterial index” from the remote 
sensing data, which describes the abundance of chlorophyll biomass and can be used to identify algal blooms and hotspots. 
These models can incorporate data from a number of different satellites, but there are tradeoffs in spatial, temporal, and 
spectral resolutions among the satellites. For the Chesapeake and coastal bays, only the soon-to-be-launched Ocean Land 
Colour Imager (OLCI) will provide sufficient spatial, temporal, and spectral resolution to effectively image tributaries and 
coastal lagoons. 
 
With the OLCI instrument, NOAA will have the capability to provide current imagery of HAB conditions at a 300 by 300 
meter pixel resolution. An existing tool, the HAB Viewer, will provide public access to this imagery. NOAA also has 
experience developing and disseminating HAB bulletins to interested stakeholders to provide context and discussion about 
current blooms in the images. The consensus of participants was that each product could be useful to the Chesapeake and 
coastal bays management community. 
 
However, because of the large spatial scale and inherent diversity of habitats and algal species in the Bay, its tributaries, and 
the coastal bays, participants suggested that specific algal bloom alert systems  be developed to address local impairments 
rather than investing in a new HAB bulletin for the region   (at least initially). To effectively share alerts and other HAB 
information, a formalized communication network including specific points of contact and an information dissemination tree 
is needed. Many stakeholders who could make use of the information will need training. 
 
Participants identified a number of scientific and technical challenges that should be addressed to improve the interpretation 
and utility of the remote sensing imagery. First, descriptive terms (e.g., “bloom,” “harmful,” “nuisance”) and species-specific 
thresholds for what constitutes a bloom event need to be better defined. Second, current techniques only distinguish between 
cyanobacteria and non-cyanobacteria blooms and provide relative abundances. The ability to identify different taxa that occur 
in the Chesapeake Bay, particularly those that commonly cause problems in more saline waters (e.g., dinoflagellates), and 
provide cell abundances would add value to image interpretation. Third, models that provide a HAB forecast a few days into 
the future have been developed for other regions of the United States and would be useful here. However, coupled 
hydrodynamic-ecological forecast models to predict distributions and transport of HABs in the Chesapeake and coastal bays 
do not exist. Further, the differences between the mainstem Chesapeake Bay, its tributaries, and coastal lagoons give rise to 
blooms of different algal taxa. Therefore, smaller-scale localized models or localized alerts or bulletins may be required to 
predict blooms and educate the public. 
 
Ultimately, participants suggested a new workgroup consisting of the key players from Maryland and Virginia, including 
members from the government, scientific, and management communities, should be assembled to develop an action plan to 
address the highest priority products and research challenges and act as a general point of contact for future HAB activities in 
the region.  

 

T  
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Introduction 
 

he Chesapeake Bay and coastal bays of Maryland, Virginia, and Delaware are valuable natural 
resources that support a variety of coastal community industries, including fisheries and tourism. 
These industries depend on the health of the bays for their success. Harmful algal blooms (HABs)1 

are one environmental stressor that can negatively affect these industries by degrading water quality, 
killing fish and shellfish, and potentially jeopardizing human health (Center for Disease Control and 
Prevention 2013).   
 
Harmful algal blooms occur when phytoplankton and other microbes grow rapidly, especially in summer 
months, primarily fueled by excess nutrients in the water. Excess algal accumulation also arises because 
removal of algae (e.g., by grazing) cannot keep pace with their production. Numerous bloom-forming 
species occur in the Chesapeake Bay region, and a number of them have been studied extensively, 
including Microcycstis aeruginosa, Prorocentrum minimum, Karlodinium venficum, Cochlodinium 
polykrikoides, and Aureococcus anophagefferens  (see Appendix 3). Other bloom species appear to be 
emerging in some areas of the watershed (e.g., Alexandrium monolitum). Such blooms have developed 
seasonally in the region in recent years, but their occurrence can be difficult to forecast and detect until 
they have grown large enough to cause serious detrimental effects. 
 
Algal blooms have caused significant negative economic and ecological consequences in the Chesapeake 
Bay region. HABs have led managers to temporarily close multiple recreational sites in Maryland and 
Virginia to avoid health risks. HABs also threaten Chesapeake Bay fisheries and have led to millions of 
dollars in economic losses, either directly through the production of toxins or indirectly through bloom 
decomposition which can contribute to hypoxic conditions that kill fish (Maryland DNR 2013).  
 
The monitoring and assessment of algal blooms in the Chesapeake and coastal bays is led by state agen-
cies. In Maryland, the Department of the Environment (MDE), the Department of Health and Mental 
Hygiene, and the Department of Natural Resources (DNR) collaborate to manage a state-wide harmful 
algal bloom (HAB) surveillance program. Virginia’s HAB program includes the Virginia Department of 
Environmental Quality, the Virginia Department of Health, and other state partners who routinely monitor 
the main bay and tributaries and respond to and investigate causes of fish kills.  Both state HAB programs 
employ field response, phytoplankton identification, laboratory analysis, and management actions to 
protect public health and the environment. State agencies coordinate with local health departments and 
researchers at regional universities. DNR, MDE, and the University of Maryland Center for Environ-
mental Science Institute of Marine and Environmental Technology in Maryland, and Old Dominion 
University and the Virginia Institute for Marine Science in Virginia, provide analytical support for the 
states’ HAB programs (see Appendix 4).   
 
Since the adoption of the Harmful Algal Bloom and Hypoxia Research and Control Act of 1998, the 
National Oceanic and Atmospheric Administration’s National Centers for Coastal Ocean Science 
(NCCOS) has been working to understand and predict HAB dynamics in regions throughout the country. 
NCCOS has collaborated and conducted research to develop and operationalize remote sensing products 
for monitoring and forecasting the movements of specific HAB species of concern. For example, 
NCCOS, as part of its HAB Forecasting program, developed an ecological forecasting system to calculate 
distributions of the cyanobacterium species M. aeruginosa in Lake Erie based in part on the use of 
satellite imagery from the Medium Resolution Imaging Spectrometer (MERIS) onboard the European 
Space Agency’s (ESA) ENVISAT-1 spacecraft. This system combines a “cyanobacterial index” (CI) 
generated from the spectral reflectance measured by satellite with data on the physical conditions of Lake 
Erie (Wynne et al. 2010). By coupling the index with oceanographic models of ecological conditions and 
currents, NCCOS developed “nowcasts” and forecasts of bloom dynamics in Lake Erie that have been 
used by local stakeholders. Similar products have been developed for other parts of the country. MERIS 
imagery was first analyzed for this purpose in 2008 and continued until April 2012 when ENVISAT-1 

                                                        
1 HABs will include eukaryotic and prokaryotic cyanobacteria in this report. 

T 
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unexpectedly went offline (Wynne et al. 2013). Subsequent to the loss of MERIS, imagery with lower 
spatial and spectral resolution has been used (Moderate Resolution Imaging Spectroradiometer 
[MODIS]). In 2015, the European Space Agency plans to launch the replacement for MERIS, called the 
Ocean Land Colour Imager (OLCI). OLCI will routinely collect 300 m resolution data (i.e., a pixel size of 
300 meters by 300 meters) with MERIS spectral resolution, and by 2018, will be collecting data daily.  

 
Because of its recent success with coupling satellite data with oceanographic models for detection and 
forecasting of selected HAB events in Lake Erie, the Gulf of Mexico, and other regions in the United 
States (NOAA 2013), NCCOS has recently been tasked to help improve HAB detection and forecasting 
in the Chesapeake Bay and Mid-Atlantic coastal bays (Federal Leadership Committee for the Chesapeake 
Bay 2012). Working with local partners, NCCOS hopes to help develop a system that will provide 
resource managers and public health officials with information that is more accurate and timely than what 
is currently available.  
 
To help further local collaborations and efforts, NCCOS reached out to Maryland Sea Grant to develop a 
process for engaging local stakeholders involved with harmful algal bloom monitoring and decision 
making. As a result, Maryland Sea Grant held a one-day workshop on May 1, 2014, to discuss mecha-
nisms for developing federal-state-academic partnerships that can improve our capabilities for detecting 
and reporting harmful algal blooms in the Chesapeake and coastal bays. This workshop sought to provide: 
 

• a forum for members of the research and management communities to discuss HAB tracking and 
identify needs, 

• a venue for NCCOS to introduce workshop participants to their HAB remote sensing 
technologies, 

• an opportunity for participants to discuss their needs for tracking and identifying HABs and to 
provide feedback to NCCOS about potential products it could develop to help managers and 
specific user groups to detect HABs, and 

• a forum to develop federal-state-academic-NGO partnerships for improving HAB detection in the 
Chesapeake and coastal bays. 

 
Workshop participants included state and local natural-resource managers, nonprofit organizations, state 
environmental managers, and scientists. This report highlights the findings from the workshop. 
 

Workshop Process 
 
The workshop was planned by a steering committee led by Maryland Sea Grant with significant input 
from the stakeholder community. In February 2014, the committee developed a needs assessment survey 
that was distributed to potential attendees.  This survey sought to identify the participants’ understanding 
of HABs and potential impacts of HABs on water quality and human health, their knowledge and use of 
remote sensing tools and products, and their guidance as to what a workshop could provide. Using this 
information, the steering committee framed an agenda and developed a number of materials that were 
distributed to all workshop participants (see appendices).  
 
The workshop featured a series of talks that introduced HABs of the Chesapeake and coastal bays and 
current remote sensing technologies as well as operational examples of their use; hands-on breakout 
groups that used weTableP0F

2
P technology to facilitate interacting with remote sensing data and products; 

small group discussion about species of concern, research gaps, and stakeholder needs; and large group 
discussion to prioritize remote sensing products for the region and next steps.  
 
Following the workshop, attendees were invited to complete a post-workshop survey to assess the success 
of the workshop and suggest future activities. 

                                                        
2 http://www.mdsg.umd.edu/wetable 
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Harmful Algal Bloom and Remote 
Sensing Presentation Highlights 

 
To give attendees a full introduction to algae that are of concern in the Chesapeake and coastal bays, Dr. 
Kevin Sellner presented a summary of taxa traits and historical distributions. He noted that the growth of 
HABs is dependent on several environmental factors including temperature, water movement, and 
nutrient concentrations. Additionally, the frequency and extent of algal blooms in Chesapeake coastal 
waters may decline in the future if continuing regulatory efforts succeed in reducing excess nutrient 
inputs to these systems. However, changes in water temperature, sea level, and water inputs from 
upstream caused by global climate change could affect future occurrence and persistence of algal blooms. 
Given their life histories and current local conditions, most algae of concern (with the exceptions of 
Dinophysis and Pseudo-nitzschia) have the potential to become HABs that are detectable using remote 
sensing technology. These detectable HABs include species in the genera Alexandrium, Aureococcus, 
Cochlodinium, Karlodinium, Microcystis, Prorocentrum, some harmful macroalgae, and possibly several 
Raphidophytes (Chattonella, Heterosigma, Fibrocapsa). The detectable HABs tend to aggregate at the 
surface during blooms, while Dinophysis tends to collect along density layers in the water column, 
making it difficult to observe by satellite or even by shipboard sampling. Additional details about the 
characteristics and toxicities of the algae are included in Appendix 3.  
 
Since many of the attendees were not familiar with the remote sensing technologies developed by 
NCCOS, Dr. Richard Stumpf, HAB forecast manager at NCCOS’s Center for Coastal Monitoring and 
Assessment, presented on current technologies, their limitations, and recent sample imagery from the 
Chesapeake and coastal bays. Remote sensors on satellites (and airplanes) detect the presence of 
phytoplankton and algae species primarily by measuring chlorophyll in the water. A number of different 
satellites can detect chlorophyll reflectance in fresh and salt water (Table 1). But there are tradeoffs in 
spatial, temporal, and spectral resolutions among the satellites and the availability and cost of imagery. 
For example, to effectively track the movement of HABs over time, a satellite must frequently pass over 
the same site.  The temporal resolution of 1-2 days provided by MODIS and MERIS is optimal for this 
analysis.    

 
Table 1. Key spatial, temporal, and spectral characteristics of remote sensors available to detect chloro-
phyll. Color scale is based on how well each sensor characteristic is suited for HAB remote sensing, 
where green is good, orange is marginal, yellow is adequate, and red is poor. Spectral bands in red and 
near-infrared, sometimes called the “red edge,” are most effective at finding algal blooms in lakes and 
estuaries. Credit: Richard Stumpf 
 

Satellite or Sensor Spatial Resolution1 Image Frequency 
Number of Key        
Spectral Bands 

MERIS 300 m 2 day 10 (5 on the red edge) 

MODIS 
(high res) 250/500 m 1-2 day 4 (1 red, 1 NIR2) 

MODIS 
(low res) 1 km 1-2 day 7-8 (2 in red edge) 

Landsat 30 m 8/16 day 4 (1 red, 1 NIR) 

IKONOS3  

(very high res) 1-4 m Variable1 4 (1 red, 1 NIR) 
    

1 Width of individual pixels in the image. 
2 Near-Infrared. 
3 Imagery from the IKONOS or equivalent sensors is commercial and available by request only. 
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Spatial scale is another important constraint in satellite imagery. Each image is made up a series of pixels, 
where the pixel size determines the spatial resolution of the image. For example, a pixel from a MERIS 
image covers a distance 300 m across on the water. Although this is not a major issue in the open ocean, it 
becomes problematic within narrow tributaries, because one pixel may capture an area that contains both 
land and water. The sensor thus detects the chlorophyll from land plants as well as that from the tributary, 
creating a false positive bloom signal. This can be compensated for by removing the mixed pixels; how-
ever, information on many of the tributaries of the Chesapeake and coastal bays will be lost. Thus, higher 
resolution imagery would be better for detecting chlorophyll in smaller tributaries, lakes, and bays.  
 
Other constraints arise from the number and precision of wavelengths measured by the instrument, which 
influences the pigments that can be detected and thus the algae that can be identified. NCCOS developed 
models to create a “cyanobacterial index” from the remote sensing data, which describes the abundance of 
chlorophyll biomass associated with cyanobacteria in an image. Although algae are widely distributed in 
coastal waters and the open ocean, the index allows researchers to identify “hot spots” of high biomass 
production that indicate an algal bloom. This index uses key spectra on the red to near-infrared range. By 
examining the spectral signatures of individual blooms, it is possible to separate some groups of algae 
from others (e.g., cyanobacteria from diatoms). The current CI product surveys the shape of the spectral 
curve around 681 nm (between the 665, 681, and 709 nm bands from MERIS) to determine whether high 
chlorophyll features are dominated by cyanobacteria (Wynne et al. 2008). Satellites that can detect fewer 
spectral bands are less sensitive at quantifying chlorophyll and ultimately ineffective at distinguishing 
types of algae (Table 1). For example, MODIS can quantify cyanobacteria but has less bands in this 
region, so it cannot reliably distinguish cyanobacteria from other blooms. Therefore, having appropriate 
spectral resolution for the algae of interest can allow for separation of algal groups with different spectral 
characteristics. 
 
Dr. Stumpf discussed a number of other opportunities and limitations associated with current remote 
sensing products. He noted that of the different satellite sensors available, MERIS was the most effective 
tool, because it could detect more wavelengths than MODIS or Landsat, took imagery of the same loca-
tions frequently (every 2 days), and had a moderate spatial resolution (300 m). Since MERIS went offline, 
researchers have modified imagery from MODIS to continue forecasts for Lake Erie at reduced (~ 1 km) 
resolution. However, eventually these data will be significantly supplemented by higher resolution images 
collected by OLCI, a sensor to be carried aboard the planned ESA Sentinel-3 satellite to be launched in 
2015. OLCI has specifications to match those of the offline MERIS sensor. Thus, OLCI will be more 
appropriate for tracking algal blooms in coastal areas such as the sub-estuaries of the Chesapeake and 
coastal bays.  
 
There are two major limitations for effectively using remote sensing technologies to forecast and identify 
HABs in Chesapeake Bay. The first limitation is that the model developed by NCCOS to forecast Micro-
cystis bloom movement in Lake Erie (a hydrodynamic model coupled to the CI product) cannot be used to 
predict bloom movement over time in the Chesapeake Bay. Rather, hydrodynamic models specific to 
simulating circulation within the Chesapeake Bay and its smaller tributaries would need to be coupled 
with the remotely sensed data to develop forward looking forecasts similar to the HAB forecasts produced 
for Lake Erie. Another alternative is for NCCOS to import hydrodynamic model output into its existing 
bloom index models using an existing tool (given the appropriately formatted output data) and use it to 
track a bloom and produce a forecast. The second limitation is that onsite field data collection is currently 
needed to identify algal species in the Chesapeake and coastal bays as well as to determine whether such 
blooms contain toxic algae, thus presenting a hurdle to rapid identification and management of blooms. 
Currently, NCCOS is looking to create coupled models that would offer some species discrimination by 
merging satellite data with data on different species characteristics and preferred habitats. For example, 
some algae are most likely to bloom in certain parts of the Bay, under high or low salinity, and during 
certain seasons.  
 
In the afternoon session, Dr. Stumpf introduced participants to the communication and data distribution 
products and capabilities that NCCOS has developed for the HAB community. NCCOS has developed a 
“HAB Viewer,” a prototype public website that displays satellite data about harmful algal blooms in the 
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Bay.3 It currently displays data through April 2012, when the MERIS sensor failed. The Bay is one of 
only four areas in the United States where NCCOS is providing these detailed data; the others are Lake 
Erie, other parts of Ohio, and Florida. 
 
NCCOS also works with local partners to develop bulletins that are distributed to local stakeholders. The 
subscriber list often includes members from public health, natural resources, and scientific fields. The 
bulletins can contain information regarding forecasts, field operations, public health information, buoy 
data, models, and analyses of ocean color satellite imagery. Distribution of these bulletins differs by 
region and depends on local management preferences. Bulletins from Lake Erie and Florida lakes were 
distributed to the participants to review. 
 

Case Studies of Remote                       
Sensing Technology 

 
New Jersey’s Use of Remote Sensing for the                             
Detection of Algal Blooms 
 
The New Jersey Department of Environmental Protection (NJ DEP) collects remote sensing data from a 
regular series of low-level aerial overflights of the New Jersey shoreline from April to October. Data on 
algal blooms is recorded by a sensor mounted aboard a Forest Fire Service monitoring aircraft that flies at 
an altitude of about 500 ft six days a week during the summer. The sensor measures chlorophyll a levels 
from 0-50 ug/L. The department has used this tool to detect and track, in real time, algae blooms that may 
have caused fish kills.   
 
The department has also deployed a Slocum Glider in cooperation with NOAA and Rutgers University. 
The glider is an underwater autonomous vehicle that can be deployed for up to a month at a time to 
collect data about the distribution of chlorophyll a concentrations throughout the water column, data that 
can be used to help detect and study algal blooms. The glider sensors also measure dissolved oxygen, 
temperature, and salinity. These tools allow the NJ DEP to quickly respond to algal blooms to assess their 
toxicity, track them, and alert public-health officials to take precautions.   
 

— Robert Schuster, New Jersey Department of Environment Protection 
 
Remote Sensing for HAB Detection, Response, and               
Protection: Public Health Applications in Florida  
 
The Florida Department of Health (FL DOH) uses the NCCOS satellite data to produce a weekly bulletin 
that provides forecasts and locations of HABs. The department produces an Inland HAB Health Bulletin 
sent to about 100 individuals at 20 organizations concerned with managing HABs in Florida lakes. In 
partnership with NCCOS, FL DOH has been successful in creating a product that can disseminate 
necessary remote sensing information in addition to other relevant material related to HABs and 
management (Appendix 6). In addition to the bulletin, the FL DOH maintains a password-protected 
database and notification system, Caspio, which collects information on HABs and facilitates 
coordination on blooms between departments. 

 
— Andrew Reich, Florida Department of Health 

 

                                                        
3 http://www2.nccos.noaa.gov/coast/ 
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Understanding Remote Sensing Products 
and Community Needs 

 
Building on the pre-workshop assessment, workshop breakout sessions were included to introduce 
participants to remote sensing technologies and HAB products as well as to discuss needs, questions, and 
opportunities concerning expanded use of remote sensing to detect and respond to HABs.  Participants 
considered and commented on regional HAB issues that might be addressed by using versions of existing 
NCCOS products (e.g., bulletins, HAB viewer). They also identified a series of technical issues that 
would need to be addressed to make the NCCOS products more useful for the community.   
 
Two morning breakout stations familiarized workshop participants with the satellite imagery technology 
through hands-on interaction and discussion. The imagery was presented via the weTable system at the 
first two stations, which used interactive projection technologies to display Google Earth imagery of past 
HABs in the Chesapeake and coastal bays. The technology allowed participants to pan and zoom maps, 
turn on and off layers, and mark up remote sensing imagery for the region.  Participants identified and 
discussed specific areas in the Chesapeake and coastal bays where HABs were potential threats to public 
health and aquaculture and fisheries. In post-workshop surveys, participants noted that this was an 
innovative way to introduce the remotely sensed data to the small groups and to help them understand its 
potential strengths and weaknesses.  
 
At the third station, participants discussed current gaps in HAB monitoring and research. They were 
hopeful that remote sensing information could be used to better direct overall monitoring and research 
efforts. However, the group noted that there were significant knowledge gaps about the many different 
species of bloom-forming algae in the region, including their environmental triggers, toxicity, and 
potential risks to humans. There was also concern that limited staff and funding hampered research and 
quick responses to alerts.   
 
This discussion continued during an afternoon breakout where the application of remote sensing 
technologies to monitoring and research gaps was addressed. The group suggested:  
 

• Considering the utility of existing algorithms for chlorophyll in the Chesapeake Bay (L. Harding) 
• Starting small by targeting specific tributaries for case studies, where detailed ecological and 

hydrodynamic models may be coupled with remote sensing data (e.g., James River) 
• Pursuing focused work on accessory pigments (other light absorbing compounds in algae that 

work in conjunction with chlorophyll a) and remote sensing algorithms to better distinguish 
among algal species  

• Pursuing hindcasts of HAB “hot spots” to enhance our understanding of bloom development 
 

Participants also emphasized the importance of information flow among all parties and proposed that 
points of contact and an information dissemination tree or network was needed to distribute data, bulle-
tins, alerts, and other types of information efficiently (Figure 1).  
 
Two other afternoon breakout sessions examined existing HAB bulletins (Appendices 6 and 7) and the 
HAB Viewer using weTables. Participants liked and saw the utility of the HAB bulletins but raised a 
number of issues that would need to be addressed prior to implementation. Importantly, they liked the 
context and explanation that was provided by the example bulletins (e.g., product description/inter-
pretation; definitions; three-day forecasts; ancillary information such as water temperature, wind patterns, 
drought context). However, further clarification would be needed on forecast uncertainty, terminology 
(what determines a bloom, a nuisance bloom, a harmful bloom), and scale (whole Bay bulletin vs. 
tributary-specific bulletin, or some hybrid). Participants also emphasized that bulletins should be directed 
toward managers trained to understand them and have limited distribution. There was concern that such 
information, without appropriate context, may create unwarranted public alarm. If a bulletin(s) is pursued, 
further discussions will be necessary about distribution lists, frequency, contents, and a number of the 
research gaps outlined below. 
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Participants thought the HAB Viewer was a very useful data distribution hub but suggested it may need to 
be renamed, because not every algal bloom detected by remote sensing in the Chesapeake Bay and coastal 
bays is harmful. In addition, the group encouraged NCCOS to further raise awareness in the science and 
management community about the availability of the HAB Viewer as many of the workshop participants 
were unaware of its availability.  
 

 
 
Figure 1. A preliminary dissemination tree for distributing harmful algal bloom information from NCCOS 
to stakeholders in Delaware, Maryland, and Virginia.  
 

Important Opportunities and Limitations 
for HAB Remote Sensing  

 
The breakout sessions and dialog effectively primed participants to discuss the opportunities and 
limitations of employing remote sensing technology to inform HAB detection in the Chesapeake and 
coastal bays. The afternoon discussion sought to summarize these observations, prioritize them, and 
determine conclusions and actions for moving forward. These findings and recommendations can be 
grouped into 1) current NCCOS products and capabilities, 2) research gaps and technical challenges for 
applying these capabilities in the Chesapeake and coastal bays, and 3) potential capabilities and products 
that the Chesapeake and coastal bay management and research community could pursue.  
 
In order to prioritize the needs of the community, participants were asked to indicate their level of support 
for a research direction or product/capability in a tangible way. One option was whether they would be 
willing to contribute their resources of some kind – e.g., money, time, constructive feedback, and/or 
existing data – to support it. Another option was whether they might use the product or practice (i.e., it 
would be “nice to have”) but were not willing or able to commit resources to create it. Each list below is 
ordered from highest to lowest priority.  
 
 

  

NOAA NCCOS 

Virginia 

Virginia Department of 
Health 

VA DEQ  

HAB Task Force 

Maryland Delaware 

Maryland Department of 
Natural Resources 

Maryland Department of the 
Environment  

Maryland Department of 
Health and Mental Hygiene  

Delaware Department of 
Natural Resources and 
Environmental Control 

Public Researchers 
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Current Products and Capabilities That Could Be Deployed  
 

1. Nowcast of HAB conditions in the bays at 300 m resolution is possible once the OLCI sensor is 
online. 

2. HAB Viewer currently distributes remotely sensed imagery publicly. 
3. HAB bulletins that notify managers and other users about recent data indicating the incidence 

and locations of HABs are straightforward to produce and disseminated in multiple jurisdictions. 
 
Research Gaps and Technical Challenges  
 

1. Identification and imagery of HABs should be species-specific. This would allow users to 
distinguish among the multiple species of algae that occur in the Chesapeake and coastal bay 
blooms, only some of which produce toxins. This would expand NCCOS’ existing capability that 
distinguishes only between cyanobacteria and other kinds of algae. 

2. Descriptive terms and thresholds for blooms need to be better defined. Managers and the 
public could benefit from clarification of the language used in the HAB remote sensing products. 
In some cases, quantitative definitions or scales may be needed. For example, what is a bloom? 
Should there be a trigger/threshold for a HAB “hot spot” based on an index or cell count value? 
How should “harmful blooms” versus “nuisance blooms” be defined?  

3. Chlorophyll and cyanobacterial indices should be translatable to cell counts. Currently the 
indices are only relative and cannot be converted into cell counts per milliliter of water. These 
calibrations may need to be species-specific and employ standard methods for determining cell 
abundances. 

4. HAB models should account for variation in chlorophyll abundance within a species. 
Chlorophyll produced can vary by season and by the level of available nutrients, affecting the 
models’ abilities to accurately forecast distributions. 

5. Localized, tributary-specific HAB information may need to be developed. Because of the 
region’s size and physical complexity, it might be challenging to use a single HAB model for all 
parts of the region. Separate tributary products may be necessary (e.g., the James River).  

6. Coupled HAB forecast models should be developed for the bays and tributaries. Such 
models may include hydrodynamic and ecological components to predict HAB distributions and 
transport into the future. 

7. A suspended solids product could be derived from remote sensing data. Such a product could 
inform the Chesapeake Bay Program’s TMDL monitoring and modeling efforts, would provide 
another indicator for Bay water quality (e.g., for existing Report Cards), and may not be difficult 
for NCCOS to develop. 

 
Potential Products and Capabilities to Pursue  
 

1. An alert system for sharing new bloom information with managers should be considered. 
While many participants were interested in receiving a regularly produced written bulletin, such a 
product may not be the best use of resources given the sporadic occurrence of HABs in the 
region. A viable alternative could be a process that sends e-mail alerts as needed from NCCOS to 
a discrete set of interested managers.  

2. Chesapeake and coastal bays networks for algal species identification are limited and 
should be augmented. A solid network of regional experts is necessary to verify and validate 
HAB alerts and information that will be shared on the HAB Viewer. 

3. Resource managers must be trained on the use of HAB information and products. Decision 
makers must be able to understand and interpret information coming from NCCOS or other 
sources in order to translate it to appropriate advisories and decisions (e.g., beach closures, 
hatchery alerts). Coordinated training sessions by NCCOS or the Maryland and Virginia HAB 
task forces may help. Training in the future for those receiving local alerts (e.g., hatchery owners, 
local municipalities) should be coordinated by state officials. 

4. HAB Viewer imagery and existing regional data resources should be integrated. Portals such 
as Maryland DNR’s Eyes on the Bay and the Mid-Atlantic Regional Association Coastal Ocean 
Observing System (MARACOOS) website have numerous resources that could be overlain with 
HAB imagery and data. 
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5. An annual report or seasonal synthesis summarizing HAB conditions could be developed. 
Such information could inform “report cards” that track progress in improving water quality. 

6. A higher spatial resolution remote sensing product could be pursued. This would likely 
involve investigating other sensors with higher spatial resolution, with the caveat that temporal 
resolution may be sacrificed.  This would help capture HAB patchiness in the Bay as well as 
significantly extend the capabilities for remote sensing of blooms in tributaries.  

 
Summary  
 
The consensus of workshop participants was that all three current NCCOS products could be useful to the 
community. In particular, the HAB Viewer online tool is an especially helpful and desirable product for 
NCCOS to maintain. Imagery from this product could be combined with other regional data resources to 
improve its utility. Although an algal bloom bulletin for the Chesapeake and coastal bays would be 
interesting and potentially useful, a targeted alert system might be more appropriate for focusing sampling 
and management efforts in the region.  For example, an alert could be distributed if a bloom were to 
exceed a predetermined threshold.  Participants emphasized the alert system was the highest priority, but 
agreed that whatever products were developed, training would be needed for the user community. 
 

Conclusions and Future Steps 
 
Participants strongly supported that the most important step forward would be the creation of a small 
workgroup to develop an action plan to address the highest priority products and research challenges that 
emerged from the workshop discourse.  This workgroup would consist of the key players from Maryland 
and Virginia, including members from the government, scientific, and management communities (most 
likely a subset of the existing Maryland and Virginia HAB task forces).   
 
This workgroup’s near-term priorities would include:  
 

• Refining and augmenting the dissemination pathways and mechanisms for HAB information so 
that all interested parties would receive the information in a timely manner  

• Working with NCCOS and partners to define a set of descriptive terms and thresholds for 
identifying blooms locally as well as to help improve species identification from imagery 

• Providing guidance to NCCOS on implementing a HAB remote sensing alert system  
• Providing connections, data, and/or samples to help NCCOS validate the remote sensing models 

and algorithms  
• Serving as a general point of contact for NCCOS for the regional HAB community 

 
The workgroup would interface with the Maryland and Virginia HAB task forces to assure that the 
directions for and products of remote sensing for the Chesapeake and coastal bays continue to meet the 
needs of the entire community. 
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REMOTE SENSING HARMFUL ALGAL BLOOM WORKSHOP  
CHESAPEAKE AND COASTAL BAYS REGION 

MAY 1ST, 2014 · THE O’CALLAGHAN ANNAPOLIS HOTEL, 174 WEST STREET, ANNAPOLIS, MD 

WORKSHOP GOALS 
 

The main goal of this workshop is to help develop federal-state partnerships for improving harmful algal bloom 
detection in the Chesapeake and coastal bays and provide guidance to NOAA NCCOS for developing remote 
sensing models and delivering appropriate products for specific user groups in the region. 
 

AGENDA 

8:30 - 9:00 AM Registration and Breakfast Reception 

9:00 - 9:15 AM Welcome and Workshop Overview, Fredrika Moser, Maryland Sea Grant 

9:15 - 9:45 AM Harmful Algal Blooms in the Chesapeake and Coastal Bays, Kevin Sellner, 
Chesapeake Research Consortium 

9:45 - 10:15 AM Introduction to Remote Sensing and Harmful Algal Blooms, Richard 
Stumpf, NOAA  

10:15 - 10:30 AM Mid-morning Break 
10:30 – 11:30 AM Break-out Session  

11:30 AM – 12:00 PM Remote Sensing Example, New Jersey, Robert Schuster, New Jersey 
Department of Environmental Protection 

12:00 – 1:00 PM Lunch with Presentations  

12:30 – 1:00 PM Remote Sensing Example, Florida, Andrew Reich, Florida Department of 
Health 

1:00 – 1:30 PM Remote Sensing Chesapeake and Coastal Bays Examples and 
Demonstration, Richard Stumpf, NOAA 

1:30 – 2:30 PM Break-out Session 

2:30 – 2:45 PM Afternoon Break 
2:45 – 3:45 PM Facilitated Discussion on Potential Remote Sensing Products and Research 

Gaps 
3:45 – 4:00 PM Workshop Conclusions, Fredrika Moser, Maryland Sea Grant 

APPENDIX 1



PRE-WORKSHOP NEEDS ASSESSMENT SURVEY 
SUMMARY OF RESULTS 

Before conducting the remote sensing harmful algal bloom workshop, a needs assessment survey 
was distributed to all potential attendees in February 2014.  This survey was aimed at identifying 
the participants’ understanding of harmful algal blooms and remote sensing and to obtain 
guidance as to what the participants hoped to learn from the workshop.  The questions were 
related to harmful algal blooms (HABs) and remote sensing technologies in the Chesapeake and 
coastal bays.  Specifically, these included questions regarding background information on HABs 
and remote sensing; current tools and products for HAB detection; workshop expectations; and 
HABs role in water quality and human health risks.  We received twenty-five responses and used 
these results to help plan the workshop.  Additionally based on the survey results, we developed 
a list of harmful algae species of concern and listed them in a “Harmful Algae Species of 
Concern” handout for workshop participants.  Below are the key findings from the survey 
summarized and organized by topic.  Expanded details from the survey are available from 
Maryland Sea Grant upon request. 

HABS TOOLS AND PRODUCTS  

This section of questions covered what HAB tools and products are used, what may be needed in 
the future, and what are our current limitations in HAB understanding and management.  In 
particular, respondents noted the following limitations: 
 

 Timely detection and confirmation of HABs (including analysis time) (9) 
 Funding for research, sampling, monitoring stations, and general resources (7) 
 Lack of knowledge of the toxicity and human impacts of HABs (5) 
 Lack of staff for sampling and trained HAB experts (4) 
 Lack of single point of contact with a clear message about HABs (4) 
 Limited information on temporal and spatial extent of blooms (2) 
 Lack of understanding of environmental triggers (2) 

Note: Responders were asked for their top three, thus explaining the large sample size (n=40). 

NEW  PRODUCTS FOR  THE DETECTION AND  TRACKING OF HABS   

The questions in this section asked about the background knowledge of responders to remote 
sensing technologies used for HAB detection including use of remote sensing data and 
familiarity of the NOAA HABViewer website. Most (13/20) answered that they haven’t used 
any remote sensing data for HABs previously. Seven people reported having used either remote 
sensing reflectance or aerial photography. 
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When further asked about the reasons for not using remote sensing data, the following barriers 
were identified from a list of choices provided in the survey: 

 Do not know where to find it (6) 
 Do not know how to process it (8) 
 Do not have appropriate GIS software (3) 
 In general, do not know what to do with it (6) 

ROLE OF HABS IN WATER QUALITY AND HUMAN HEATH  

We asked a couple of questions to understand what were the major concerns regarding HABs.  
The top four concerns about HABs were public health response (76.2%), environmental response 
(71.4%), routine monitoring (71.4%), and impacts on fisheries/aquaculture (66.7%). (n=21) 

WORKSHOP EXPECTATIONS  

The last section of the survey included questions on what attendees would like to gain from the 
workshop and how they would quantify workshop success.  When asked about specific 
components of the workshop, most said they would like to gain background knowledge of 
HABs, learn about current HAB research, and participate in discussions of research and 
development priorities for remote sensing in the Chesapeake and coastal bays.  Over half also 
said that they would like to see demonstrations of existing remote sensing tools for HAB 
detection.   
 
Finally, when asked what would be the most important outcome(s) of this workshop, the 
summarized responses mostly clustered around the following: create greater collaboration 
between members in the community; improve understanding of current research; learn about 
remote sensing monitoring technology for HABs; and inform future HAB management and 
research activities. 
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HARMFUL ALGAE BLOOM MANAGEMENT 
IN THE CHESAPEAKE AND COASTAL BAYS 

 
The assessment of algal blooms in the Chesapeake and coastal bays is led by state agencies.  In 
Maryland, the Department of Environment (MDE), the Department of Health and Mental Hygiene 
(DHMH), and the Department of Natural Resources (DNR) collaborate to manage a state-wide harmful 
algae bloom (HAB) surveillance program.  Virginia’s HAB program includes the Virginia Department 
of Environmental Quality, the Virginia Department of Health (VDH), and other state partners who 
routinely monitor the main bay and tributaries and respond to and investigate causes of fishkills.   The 
Chesapeake and coastal bays HAB surveillance programs focus on protecting public health and 
the environment by protecting beaches and recreational waters as well as growing areas for 
shellfish from effects associated with toxins produced by harmful algae.    
 
Table 1:  FDA’s action levels for toxins associated with marine biotoxins that can accumulate in shellfish.  Since 
test methods for marine biotoxins in shellfish meats are expensive and our region has not seen action levels or 
reported illnesses, cell counts are used instead of toxin assays to monitor potentially harmful blooms.  The last 
column shows the bloom levels that raise the level of concern in MD and VA. 

Algal species  Main Toxin Shellfish Related 
Illness 

Action 
Level  

Food Commodity Bloom 
Level of 
Concern 

Alexandrium. 
tamarense species 
complex 

Saxitoxin Paralytic Shellfish 
Poisoning  

80 g/100g  All Fish  > 500 cells/ml 

Karenia brevis, 
Chattonella  

Brevetoxins Neurotoxic Shellfish 
Poisoning 

20 MU/100g Clams, mussels, 
oysters, fresh 
frozen or canned  

Chatt sp 
>10,000 
cells/ml 

Dinophysis  Okadaic acid, 
dinophysis 
toxins, 
yessotoxins, 
pectenotoxins 

Diarrhetic Shellfish 
Poisoning  

0.16 mg/kg  Clams, mussels, 
oysters, fresh 
frozen or canned  

 >10 cells/ml 

genus  
Pseudo-nitzschia 

 
Domoic Acid 

Amnesic Shellfish 
Poisoning 

20 mg/kg  All Fish (except 
viscera of 
Dungeness crab) 

>1,000 
cells/ml 

 
Both state HAB programs employ field response, phytoplankton identification, laboratory analysis, and 
management actions as appropriate to protect public health and the environment. State agencies 
coordinate with local health departments and researchers at regional universities.  Analytical support is 
provided by DNR, MDE, and the University of Maryland Center for Environmental Science Institute of 
Marine and Environmental Technology in Maryland and Old Dominion University and the Virginia 
Institute for Marine Science in Virginia.  Both states also work closely with the U.S. Food and Drug 
Administration (FDA) and the Centers for Disease Control and Prevention.  FDA has provided guidance 
for states to use through the Fish and Fishery Products Hazards and Controls Guide and the National 
Shellfish Sanitation Program (NSSP) (Table 1). Through this program, FDA has established action 
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levels, tolerances, and guidance levels for poisonous or deleterious substances in seafood, including 
marine biotoxins in fish and shellfish.  For Maryland and Virginia, marine biotoxins pose the greatest 
concern for molluscan shellfish, and both states have biotoxin contingency plans that outline 
surveillance and management procedures. FDA’s action levels for diarrhetic shellfish poisoning, 
paralytic shellfish poisoning, neurotoxic shellfish poisoning, and amnesic shellfish poisoning are 
presented in the NSSP Model Ordinance included in the Guide for Control of Molluscan Shellfish. 
 
No federal regulatory guidelines for cyanobacteria or their toxins currently exist in the United States.  
Maryland has issued advisories against water contact in certain lakes and streams due to microcystin 
produced by blue green algae.  Maryland uses a microcystin threshold of 10 g/l to issue “no contact” 
advisories while Virginia uses 6 g/l.  Virginia also uses > 100,000 Microcystis aeruginosa cells /mL, or 
agency confirmed blue-green algal “scum” or “mats” on water surfaces to issue no contact advisories. 
Drinking water guidelines are based on the World Health Organization provisional value of 1.0 μg/L 
microcystin-LR.  
 
Other regional HABs are known to starve shellfish (Aureococcus anophagefferens), kill fish without 
apparent harm to people (Karlodinium veneficum), produce toxins whose effects have not yet been 
described (Cochlodinium polykrikoides), or disrupt ecosystem function (Prorocentrum minimum and 
dense macroalgae blooms). These blooms continue to be monitored by Maryland, Virginia, and their 
University partners to document their extent and impacts (Table 2). 
 
When significant HAB events occur in Maryland, DHMH, MDE, and DNR coordinate with local health 
departments to inform the public through media advisories, posted signs, and postings on multiple 
websites including DNR’s Eyes on the Bay1, MDE’s Healthy Beaches webpage2, and DHMH’s HAB 
webpage3. In Virginia, advisories are also coordinated with local health departments and are issued 
through media releases, posted signs, and VDH’s website4.  Generally, advisories do not impact fishing, 
because HAB-related toxins tend to accumulate in internal organs rather than fish parts that are 
consumed.    
 
Table 2: Algae species, toxins, and bloom levels of concern for ecosystem impacts. 

Algal species  Main 
Toxin 

Impacts Action Level  Bloom level of 
Concern 

Aureococcus 
anophagefferens 

None Starve shellfish 
Shade seagrasses 

N/A 35,000 cells/ml 

Cochlodinium 
polykrikoides 

 Lethal to early life 
stages of fish and 
shellfish 

N/A 500 cells/ml 

Karlodinium veneficum Karlotoxins Lethal to fish N/A 10,000 cells/ml 
Microcystis aeruginosa Microcystin 

 
Liver toxin 
Can bioaccumulate 

VA: 6 g/l  
MD: 10 g/l in 
recreational waters 

 
40,000 cells/ml 

Prorocentrum minimum none Contributor to 
dead zones 

N/A 10,000 cells/ml 

 

1 http://mddnr.chesapeakebay.net/eyesonthebay/habs.cfm
2 http://www.marylandhealthybeaches.com/
3 http://phpa.dhmh.maryland.gov/OEHFP/EH/SitePages/harmful-algae-blooms.aspx
4 www.vdh.virginia.gov/epidemiology/DEE/HABS/HABmap.htm
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by Richard Stumpf and Michelle Tomlinson, NOAA NCCOS 

REMOTE SENSING HARMFUL ALGAL BLOOMS  
POTENTIAL PRODUCTS 

NATIONAL CENTERS FOR COASTAL OCEAN SCIENCE (NCCOS) 
SCIENCE SERVING COASTAL COMMUNITIES 

Satellite imagery can help in monitoring for harmful algal blooms (HABs), especially cyanobacteria 
species and high concentration events for other bloom taxa. Satellite imagery data collected from the 
European Space Agency's MERIS instrument has been particularly effective with its 300 m resolution, 
2-day repeat orbit, and sufficient spectral bands to estimate biomass and detect cyanobacteria blooms in 
estuaries and lakes. While MERIS data ceased in 2012, the Ocean Land Colour Imagery (OLCI) 
instrument will replace this capability when its host satellite is launched next year. MERIS-calibrated 
products should be directly transferable to OLCI. In addition, the Moderate Resolution Imaging 
Spectrometer (MODIS) sensor is available and provides a chlorophyll product.  However, due to the 
limitations in spatial (1,000 m resolution) and spectral resolution, MERIS is more suitable for use in the 
Chesapeake and coastal bays. 
 
Example remote sensing products for the Chesapeake and coastal bays could include materials such as 
the GIS format images, as seen below.  Additionally, bulletins, similar to those disseminated for Lake 
Erie and Florida, could be developed to disseminate remote sensing products and information.  Example 
bulletins are included in the workshop materials for both Florida and Lake Erie.  The bulletins are 
distributed via email to subscribers once-to-twice a week during active HAB periods.  The subscriber list 
often includes members from public health, natural resources, and scientific fields.  The bulletins can 
contain information regarding forecasts, field operations, public health information, buoy data, models, 
and analyses of ocean color satellite imagery.  More information regarding these bulletins can be found 
on NOAA’s tides and currents website, www.tidesandcurrents.noaa.gov/hab/bulletins.html.  Note: The 
lower resolution MODIS sensor has provided adequate data to continue the Lake Erie bulletin in 
summers of 2012 and 2013.   
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For more information, please contact:  Rick Stumpf (richard.stumpf@noaa.gov) or Shelly Tomlinson 
(michelle.tomlinson@noaa.gov). 

AUGUST 23, 2011 EXAMPLE CHESAPEAKE BAY IMAGERY 

MERIS high resolution (300m) images for Chesapeake Bay on August 23, 2011.  (A) Cyanobacterial Index 
(CImulti) image showing location of cyanobacterial blooms throughout the Chesapeake Bay. A large confirmed 
Microcystis aeruginosa bloom is visible in the Potomac River.  (B) A more general Bloom Index (CI) product 
showing all blooms detected in the CB for the day.  In both (A) and (B) warmer colors indicate higher biomass. 
(C) True color image.  Note: True color imagery is not conducive to monitoring blooms.

AUGUST 12, 2011 EXAMPLE POTOMAC  RIVER  IMAGERY 

MERIS high resolution (300 m) images for the Potomac River on August 12, 2011.  (A) Cyanobacterial Index 
image showing location of M. aeruginosa bloom. (B) Bloom Index product showing all blooms. (C) True color 
image. 
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POST WORKSHOP ASSESSMENT SURVEY 
SUMMARY OF RESULTS 

 
After conducting the remote sensing harmful algal bloom workshop, a post survey was 
distributed to all attendees in May 2014.  This survey sought to capture additional input and 
opinions of the workshop participants.  We asked for feedback on portions of the workshop 
including the presentations, break-out activities, and discussions.  Additionally, the survey 
included questions that allowed participants to give additional input on discussion topics.  We 
received thirteen responses from mostly academic participants and used these results to help 
evaluate the effectiveness of the workshop.  Expanded details from the survey are available from 
Maryland Sea Grant upon request. 
 

WORKSHOP EVALUATION 
 
This section of questions evaluated the presentations, activities, and overall organization of the 
workshop.  The survey responders rated the overall organization (average 1.75), presentations 
(1.71), and the activities (1.95) on a scale of excellent (1), very good (2), good (3), average (4), 
and poor (5).  Additional comments from the responders mentioned that the weTable technology 
was helpful, especially for visualizing the remote sensing imagery in a small group setting.  The 
workshop materials that were distributed were ranked between excellent and very good (1.71). 
 

HAB VIEWER  
 
The workshop participants were asked about their interest in and the utility of the HAB Viewer 
website.  75% of the people who answered said that they would use the HAB Viewer if it had 
current imagery of the Chesapeake and coastal bays.  Only 50% would use the website for 
historical data and 63% would use the website to download data for their own use (n=8). 
 

IDENTIFIED RESEARCH GAPS  
 
During the workshop, we asked participants to identify and rank research gaps relevant to 
harmful algal bloom remote sensing.  From the discussion and post workshop survey, the highest 
ranked gaps were: “nowcasting” and forecasting bloom distributions, developing threshold levels 
for issuing species-specific alerts, and improving detection of specific taxa from remotely sensed 
data. 
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