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Introduction 
 

The National Estuarine Research Reserve System (NERRS) is a network of 26 
estuarine and coastal protected areas that are dedicated for long-term research, 
monitoring, education and resource stewardship. Established by the Coastal 
Zone Management Act of 1972, reserves representing different biogeographic 
regions of the United States are part of a partnership program between the 
National Oceanic and Atmospheric Administration (NOAA) and the coastal 
states and territories. NOAA provides funding, national guidance and technical 
assistance, while the states provide matching funds, personnel, and managerial 
oversight. Each reserve is managed on a daily basis by a lead state agency or 
university, with input from local partners. The reserve system protects more than 
one million acres of estuarine land and water, which provide essential habitat for 
wildlife; offer educational opportunities for students, teachers and the public; 
and serve as living laboratories for scientists. Case studies from the NERRS 
illustrate the reserve’s capacity to use innovative science and technology to a) 
collect and analyze estuarine data; b) apply monitoring data to address coastal 
management questions with sound science; and c) improve professional and 
public understanding of estuarine and coastal ecosystems. 
 

Technological advances in collecting coastal data 
 

In 2005, the NERRS System-Wide Monitoring Program (SWMP) moved into its 
second decade of collecting invaluable baseline estuarine water and weather 
quality variables (Owen and White, 2005, http://nerrs.noaa.gov/Monitoring 
/report.html). This nationally coordinated monitoring program was developed in 
1995 to track both short and long-term changes in estuarine conditions (Wenner 
and Geist 2001, Ross 2003). The long-term nature of the SWMP data set makes 
it possible to establish baseline conditions, and examine both intra-annual and 
inter-annual patterns in estuarine systems, as well as the effects of large scale 
(e.g., El Niño and La Niña climatic conditions, sea level rise, hurricanes, 
Nor’easters) and localized (i.e., floods, drought, contaminant spills) episodic 
events. There are three different, yet interconnected, ecosystem foci of SWMP 
(NOAA 2002): 1) Abiotic monitoring, including: atmospheric conditions, water 
quality measurements of nutrients and contaminants; and physical water quality 
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parameters such as salinity, dissolved oxygen, and tidal range; 2) Biological 
monitoring, including: biodiversity, habitat and population characteristics; and 
3) Watershed and land use classification, including: tracking and evaluating 
changes over time in coastal and estuarine habitat and land use. On average the 
NERRS SWMP collects annually at least 13.5 million water quality data points, 
34.4 million meteorological data points and 31,104 nutrient data points. The 
program has increased scientific understanding of how estuaries function and 
change naturally, or in response to human impacts. The following three 
examples highlight reserve efforts to partner with academic and governmental 
organizations to improve the quality and increase the relevance of SWMP data 
through developing and utilizing innovative technologies. 
 
In 2004, SWMP was recognized as a national backbone component of the 
United States Integrated Ocean Observing System (IOOS), and has successfully 
moved forward with implementing a near-real-time telemetry system for timely 
data dissemination (NOAA 2004). The NERRS SWMP is unique in its uniform 
national protocol and the wide range of water quality parameters monitored.  
The costly and time-consuming nature of water quality monitoring and data 
management has limited most large-scale continuous monitoring efforts to urban 
areas, or areas with known or suspected water quality impairment.  In contrast, 
the NERRS SWMP has established a set of baseline data for relatively 
unimpacted estuarine areas, in addition to areas with known impairment.  As a 
backbone component of IOOS, NERRS data is a particularly valuable 
component of the IOOS network because it is one of just a few contributing 
members that will deliver important estuarine data across the nation (NOAA 
2004).  The estuarine water and weather data generated by the NERRS are used 
to provide information to support a number of IOOS goals including: sustaining 
living marine and estuarine resources, protecting and restoring healthy coastal 
marine and estuarine ecosystems, improving modeling and predictions about the 
consequences of global climate change, and mitigating the effects of coastal 
storms and other natural hazards.  The data is transmitted to the NERRS Central 
Data Management Office (CDMO; http://cdmo.baruch.sc.edu) in South Carolina 
using NOAA’s system of Geostationary Operational Environmental Satellites 
for near-real-time access via the Internet.  This approach will provide uniformity 
across the system and 24-hour, 7 days per week support for all NERRS data 
served in support of IOOS activities.  
 
In addition to making data available near real time, the NERRS continually 
work with partners to increase the accuracy and efficiency of the monitoring 
tools and protocols used at reserves.  The Cooperative Institute for Coastal and 
Estuarine Environmental Technology (CICEET) was established as a 
partnership between NOAA and the University of New Hampshire to use the 
capabilities of the private sector, academic and public research institutions, as 
well as the 26 reserves to develop and apply new environmental technologies 
and techniques. The NERRS Remote Sensing Applications Assessment Project 
(RESAAP) is a CICEET funded initiative that focuses on two key habitats; 
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submerged aquatic vegetation (SAV) and intertidal emergent vegetation.  These 
habitats support critical estuarine processes such as the production and cycling 
of organic matter and the improvement of estuarine water quality.  Remote 
sensing technologies and data are now commonly used in natural resource 
management to address priority issues. Currently, the NERRS use this tool to 
classify estuarine habitats, to conduct land use and habitat change analysis (e.g. 
coastal erosion, invasive species, etc.), and assess the health status of coastal 
living resources (e.g. vegetation, shellfish, etc.). Technologies tested and applied 
within the NERRS include IKONOSTM and QuickBirdTM satellites, AISA 
hyperspectral sensors, and the ADS-40 digital camera system. The RESAAP 
project conducted in three reserves has resulted in a clearer understanding of the 
types of remote sensing technologies available, the methodologies necessary to 
accurately process and interpret collected imagery, and the appropriate 
technologies to utilize in the various habitats that are represented within the 
NERRS. 
  
State agency and university partners also recognize reserves as places to test and 
implement new data collection and analysis tools. The Chesapeake Bay Virginia 
NERR at the Virginia Institute of Marine Science plays a leading role in 
monitoring the shallow water quality in the York River and other Virginia 
tributaries. This information is used to determine if water quality and living 
resource habitat criteria for the Chesapeake Bay are being met. The reserve uses 
a combination of fixed station monitoring and monthly surface water quality 
mapping using the data flow system. The data flow system is a compact, self-
contained surface water quality mapping system, suitable for use in a small boat 
operating at speeds of 25 knots or more. Continuous sampling is thus possible 
from a moving platform as water is passed though a series of instruments on the 
boat.  Real-time graphs and indicators provide feedback to the operator in the 
field, ensuring that quality data about water clarity, salinity, dissolved oxygen, 
water depth and water temperature is being collected. This results in a 
geographic information system (GIS) map that estimates values for the water 
quality parameters for the entire surface of the river. Information derived from 
this Shallow Water Monitoring Program is used by the Commonwealth of 
Virginia and sent directly to the U.S. Environmental Protection Agency (EPA) 
Chesapeake Bay Program to support criteria assessment, tributary modeling and 
management support for the Chesapeake Bay Program.  
 

Technology applications to address coastal management challenges 
   
Reserve research and monitoring data are applied in many ways including: to 
design and measure the impacts of coastal restoration projects; to provide 
continuous water quality data for state and federal regulatory processes; to 
measure initial impacts and measure estuarine recovery periods from tropical 
storms and other natural disturbances; to analyze water quality conditions 
related to fish kills, shellfish diseases, and other coastal resource management 
activities; and to develop education curricula for K-12 students, public 
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audiences, and for training workshops for coastal decision makers across the 
country. Two case studies from Apalachicola Bay, Florida and Wells, Maine 
demonstrate specific examples of how reserves use monitoring data to address 
local resource management.  
 
Ninety percent of Florida’s commercially harvested oysters and 10 percent of 
the nation’s oysters are produced in Apalachicola Bay, making the industry a 
cornerstone of the local economy. Oysters do not open to feed at low salinity 
levels, so understanding freshwater inflows to the Bay is critical to managing the 
oyster fishery. Apalachicola NERR researchers used SWMP data to analyze 
salinity patterns in the Bay following Tropical Storms Alberto and Beryl in July 
and August 1994. The combined impact of freshwater runoff from these two 
storm events killed 80-90% of harvestable oysters at the more western 
harvesting location, but did not significantly affect oysters at eastern locations.  
The data indicate that this site-specific die-off was caused by the east-to-west 
movement of currents in the Bay, which carry freshwater runoff in the western 
half of the Bay, drawing saltier water from the Gulf of Mexico into the eastern 
half of the Bay. In addition, the western portion of the Bay normally receives a 
higher volume of freshwater runoff from the 20,000-square-mile Apalachicola 
River Basin, while the eastern portion of the Bay receives smaller quantities of 
stormwater runoff from a 500-square-mile sub-watershed to the east of the 
Apalachicola Basin. As a result of this study, Florida commercial oyster reef 
managers recognize that it is possible to safely limit shellfish closures to specific 
parts of Apalachicola Bay, depending on the size and location of storm events, 
rather than simply closing the whole Bay to shell fishing after large storm 
events. 

 
Restrictions to salt marsh tidal exchange threaten the health and function of salt 
marsh ecosystems in the United States (Boumans et al. 2002).  Restrictions such 
as roads, dikes, and causeways with undersized culverts do not allow salt water 
to flow into historically inundated areas. These barriers often cause freshwater 
flooding after storms and result in persistent dominance of brackish marsh plant 
species. To address these problems, staff from the Wells NERR in southern 
Maine spearheaded a local community effort to expand an undersized culvert 
restricting tidal saltwater flushing to Drakes Island Marsh, a 77-acre coastal 
marsh located near the Wells NERR. Wells SWMP data provided detailed 
hydrologic records, including nearly 10 years of water level monitoring data, 
which allowed NERR staff to determine long-term average conditions for tidal 
flooding and extreme conditions associated with storm surges, heavy rainfall 
and drought. These data were used to calibrate a hydraulic model of marsh 
flooding, which was used to determine the appropriate type and size for a 
replacement culvert. Accurate real-time water level data will assist the reserve in 
their marsh restoration work.  NOAA’s Center for Operational Oceanographic 
Products and Services (COOPS) installed a new tide station within the Wells 
Reserve in August, 2005. The station is a component of NOAA’s National 
Water Level Observation Network (NWLON), and produces detailed tide, water 
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level, and weather information within the Reserve. This NWLON station is co-
located with one of the Wells NERR SWMP stations, resulting in better data 
characterization of the site and more detailed information for supporting coastal 
management decisions, research programs, restoration projects, and education 
programming.   
 

Technology used to improve professional and public understanding of 
estuarine and coastal ecosystems 

 
With a coordinated network of highly qualified educators and estuarine 
education programs throughout the nation, the NERRS is well-positioned to 
bring coastal and estuarine science and data to students, teachers, professionals 
and the general public (McDougall et al., 2006). Technological advances in 
modeling, data access and data visualization are creating opportunities for 
education programs to link the public more directly to local and national coastal 
ecosystems and thereby transfer greater understanding of what is occurring in 
their “backyards.”  
 
The reserves are working closely with science teachers to bring estuarine 
science and data to the classroom through a variety of technology transfer tools.  
Recently, the NERRS CDMO has worked with researchers and educators to 
develop an initial web data visualization tool that allows users to plot archived 
and near-real time SWMP data. The user can answer specific questions by 
querying the data in a number of ways (e.g. daily, monthly, annually, etc) and 
plotting selected data to further investigate environmental patterns within coastal 
ecosystems. The public has direct access to the NERRS SWMP data for 
downloading and can conduct more in-depth analysis as well.  Access to quick 
graphical representations as well as authentic datasets allow users to explore any 
number of environmental issues rapidly. SWMP data is also used by students 
and teachers to improve understanding of environmental conditions leading to 
harmful algal blooms, fish kills, vegetation distributions and coastal 
eutrophication. The Chesapeake Bay Virginia reserve wrote a curriculum for 
teacher training that uses water quality data collected through SWMP.  Using 
the data visualization tools created by the NERRS CDMO, the curriculum shows 
teachers how to use the CDMO website to obtain water quality and weather data 
for any given day. The curriculum also walks through computer based lessons 
for middle school and high school students who use pre-selected data to 
demonstrate the impact of heavy rains on water quality parameters. The lessons 
increase students’ ability to use technology, understand data, graph and identify 
data trends, and use the data to come to conclusions about which parameters are 
impacted by seasonal differences in temperature and rainfall. Coastal managers 
can also use these monitoring data to make informed decisions on local and 
regional coastal zone issues, such as public health concerns, point and non-point 
source pollution policies, and the success of restoration projects. 
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To celebrate and draw attention to estuarine ecology during National 
Coastweek, the NERRS also coordinates with EPA to offer EstuaryLive, an 
annual online educational broadcast (http://www.estuaries.gov) that occurs 
every fall. Each year, educators and outreach coordinators from the NERRS, in 
collaboration with EPA’s National Estuary Program, offer students a live 
interactive field trip to estuarine locations via the Internet in their classrooms. In 
2004, 13,600 students and teachers participated via the Internet, and more than 
20,000 students and teachers participated in 2005 (Weidman, 2004, 2005). More 
than 1,000,000 individuals have access to the program via various television 
stations and aquariums (Weidman, 2004). EstuaryLive presents estuarine 
ecology and history and shows students the equipment that scientists use in the 
field. Hurricane Ivan hit Weeks Bay, Alabama days before the reserve was 
scheduled for a live broadcast in September 2004. Through the EstuaryLive 
Weeks Bay segment, students were able to see pre- and post-storm effects, view 
a data logger and its results, ask questions of a meteorology student and see a 
sediment deposition core. 
 
Reserve general education programs focus on bringing estuarine science and 
technology to K-12 students and teachers. The reserves’ Coastal Training 
Program (CTP) is a national adult education program that has provided up-to-
date scientific information and skill-building opportunities to more than 17,800 
individuals who are responsible for making decisions that affect coastal 
resources. Training programs focus on coastal habitat conservation and 
restoration, biodiversity, water quality, and sustainable resource management.  
Programs target a range of audiences, including land-use planners, elected 
officials, regulators, land developers, community groups, environmental 
nonprofits, and coastal businesses. One of the most difficult challenges facing 
coastal managers is monitoring and managing nutrient runoff, particularly 
nitrogen from human land use practices. Excessive nitrogen in estuarine water 
can lead to explosive, damaging algae growth that can result in fish kills from 
depleted oxygen levels and interferes with the growth of native submerged 
aquatic vegetation. In 2003 and 2004, the Elkhorn Slough NERR in central 
California hosted two workshops on nitrogen monitoring for managers and 
researchers actively engaged in nutrient management in the region. The 
workshops were presented by nutrient cycling experts from CICEET. The 
scientists showed participants the latest GIS-linked biogeochemical model used 
to guide nutrient management decisions in the Elkhorn Slough watershed. The 
model provides spatially explicit simulations of biogeochemical processes that 
control nutrient cycling and subsequent trace gas and nutrient releases to air and 
water. The presenters introduced the decision-support tool ES-DNDC (Elkhorn 
Slough – Denitrification-Decomposition) and detailed training on installing and 
using ES-DNDC to assess management alternatives. The Santa Clara Water 
District subsequently adopted the CICEET-sponsored model as a way to test 
best management practices which are the subject of incentive programs for 
mitigating nutrient water runoff.  
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Conclusions  
 
As the accounts above demonstrate, the NERRS’ collaborative programs work 
with scientists, coastal managers, regulatory agencies, teachers, students and 
members of the public to improve the way data is collected, applied and 
transferred for use in coastal management. These audiences are interested in 
environmental conditions and challenges that impact their work, their health, 
and their quality of life. As a network of protected areas, reserves are places that 
people can come to and return to over time to access technology and science that 
is relevant, accurate, and timely. Reserves successfully integrate science and 
technology to support coastal management because they draw upon a national 
network of scientists and educators to investigate and apply the full cycle of 
monitoring, science, and education to locally compelling management 
challenges.   
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