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This report on A National Water Quality Monitoring Network for U.S. Coastal Waters and their Tributaries (Network) has been prepared by the National Water Quality Monitoring Council (Monitoring Council), a sub-group of the Advisory Committee on Water Information (ACWI). The ACWI approved this report and presented it to the requesting organizations on April 5, 2006. ACWI was tasked by the President’s Council on Environmental Quality, the National Science and Technology Council’s Subcommittee on Water Availability and Quality, and the Joint Subcommittee on Ocean Science and Technology, as a result of recommendations in Chapter 15 of the Final Report of the U. S. Commission on Ocean Policy (COP, 2004).

The Monitoring Council, co-chaired by Gail Mallard, U.S. Geological Survey and Charles Spooner, U.S. Environmental Protection Agency, led this effort, supported by a Network Steering Committee and four Network Work Groups. About 80 participants from Federal and State governments, universities, water associations and the private sector participated actively in the design of this Network and the preparation of the report. All Network participants are listed in Appendix 1-2 of the report.
In approving the report, the ACWI identified the following:
1.
The current report is to serve as a network design and a planning document for the Network. It is understood that many implementation issues are pending. These include program management and resource needs.

2.
The report will recommend Regional Pilot(s) [likely within IOOS Regions] as a proof of concept – a way to move forward to test the Network Design. 

3.
The report will recommend creation of a small inter-agency program coordination staff, with dedicated FTE to provide leadership and coordination. The staff will help to facilitate development of the pilot(s), track next steps, develop and track metrics, and document the process and progress of the Network. Program staff would report progress to and seek guidance from ACWI’s Monitoring Council.

4.
A joint inter-agency briefing will be scheduled at the Executive Office level to further inform the requesting organizations (CEQ, NSTC/SWAQ and JSOST) as well as the President’s Office of Management and Budget, and Office of Science and Technology Policy. This briefing occurred on April 5, 2006, and additional briefings for related committees in the COP structure are scheduled.

The network design and report will be a focus of the 5th National Monitoring

Conference in San Jose, California, May 2006, with 600 registrants anticipated

from throughout the monitoring community.
A National Water Quality Monitoring Network

For U.S. Coastal Waters and their Tributaries

Executive Summary

The annual cost of water resource monitoring is hundreds of millions of dollars.  Yet, numerous reports in recent years indicate that monitoring has been and remains insufficient and lacks coordination to provide comprehensive information about U.S. water resources.  In 2004, the U.S. Commission on Ocean Policy recommended a national monitoring network to improve management of ocean resources:

“Ongoing monitoring is essential to assess the health of ocean and coastal ecosystems and detect changes over time.  More than any other measure, monitoring provides accountability for management actions.  The nation needs a coordinated, comprehensive monitoring network that can provide the information necessary for managers to make informed decisions, adapt their actions as needed, and assure effective stewardship of ocean and coastal resources.”  An Ocean Blueprint for the 21st Century”, U.S. Commission on Ocean Policy, 2004.
Background
In response to the 2004 Ocean Policy Commission report, the Council on Environmental Quality (CEQ), the National Science and Technology Council (NSTC) Subcommittee on Water Availability and Quality (SWAQ), and the Joint Subcommittee on Oceans Science and Technology (JSOST) charged the Advisory Committee on Water Information (ACWI) with the task of designing a national water quality monitoring network.  ACWI is a federal advisory committee, which has membership representing federal and nonfederal interests with a wide range of responsibilities for water resources.  ACWI formally accepted the charge to design a national monitoring network in February 2005, and delegated leadership for the effort to the National Water Quality Monitoring Council (Council).  About 80 individuals who represent 40 different organizations, including federal and state agencies, academia, interstate organizations, and the private sector, accomplished the network design.

Network Objectives and Attributes

This report contributes to water quality monitoring in the U.S. by proposing a national water quality monitoring network for U.S. coastal waters and their tributaries (herein referred to as the “Network”).  The proposed Network shares many attributes with ongoing monitoring efforts but is unique in that it uses a multidisciplinary approach and addresses a broad range of resource components, from upland watersheds to offshore waters and does so using an integrated approach.  Specifically, the proposed Network has several key design features:

1. Clear objectives linked to important management questions (outlined in Table ES-1 and discussed in more detail in the report).

2. Linkage with the Integrated Ocean Observing System (IOOS), which is an integrated system of observations and data management that routinely provides information about coastal waters and coastal ecosystems for eleven U.S. IOOS Regions.

3. A multi-resource and multidisciplinary approach that integrates water resource components from uplands to the coast and that integrates physical, chemical, and biological characteristics of water resources.

4. Flexibility in design over time.  After interpreting data, some locations or constituents may drop from the Network, whereas other locations or constituents may fill critical gaps.  Improvements in technology over time may also result in design changes.

5. The Network stresses the importance of metadata, quality assurance procedures, comparable methodology, and data management that allows readily accessible data storage and retrieval.
Table ES-1.  Alignment of NMN Objectives and Management Questions

	Objective
	Management Questions

	1. Define status and trends of key water quality parameters and conditions on a nationwide basis.


	What is the condition of the Nation's surface, ground, estuarine, coastal, and offshore waters?

Where, how, and why are water quality conditions changing over time?

	2. Provide data relevant to determining whether goals, standards, and resource management objectives are being met, thus contributing to sustainable and beneficial use of coastal and inland water resources.

	Are strategies that protect or remediate water quality working effectively? 

Are we meeting water quality goals and standards?

	3. Provide data to identify and rank existing and emerging problems to help target more intensive monitoring, preventive actions, or remediation.


	What are the water quality problems?

Where are the water quality problems?
What is causing the problems?

	4. Provide data to support and define coastal oceanographic and hydrologic research, including influences of freshwater inflows.


	What research activities will help us to understand water resources and ensure they are sustainable?

	5. Provide quality-assured data for use in the preparation of interpretive reports and educational materials.
	All management questions require these data.


Continuing Need for Monitoring Outside the Network

No one monitoring design can begin to address or answer all of the Nation’s water-resource issues or questions.  The proposed Network, which primarily provides critical information about the quality of coastal waters and their tributaries at regional and national scales, does not incorporate or replace all ongoing water quality monitoring.  For example, monitoring designed to identify and track water issues and environmental responses to management actions within small rivers, lakes, reservoirs, local ground water aquifers, and in smaller watersheds should continue as the primary responsibility of State and local agencies.  In addition, monitoring designed to address drinking water issues must continue.  Ground water monitoring in large inland aquifers is also critical and should continue, although it is outside the scope of the Network.  The key point is that a great deal of monitoring does not fall under the umbrella of the proposed Network.  For resource management, continuing this monitoring is critical.

Network Design

Table ES-2 shows an overview of the Network design, which lists (1) the monitored resource and the purpose of monitoring, (2) site-selection procedure and the number of monitored sites, (3) sampling frequency, and (4) interval between periods of intensive sampling.  A total of 149 estuaries are included in the Network (see Table 3-3 for a full listing along with their major tributaries).  Using a probability-based design to select sampling sites, IOOS Regions will monitor these estuaries to determine conditions individually and by IOOS Region.  Each estuary will also be monitored at sites along the salinity gradient to provide information about transport of water and materials through the estuary to the coastal ocean.  A probability-based design for site selection, as well as for shipboard surveys targeted for specific purposes, and remote sensing, will help to monitor nearshore marine waters, the Great Lakes, and Great Lakes embayments.  Shipboard cruises and remote sensing will help to monitor the vast ocean from three nautical miles to the seaward edge of the Exclusive Economic Zone.

The focus for river monitoring is on sampling (1) rivers that represent 90 percent of the outflow of major inland watersheds, (2) rivers that flow directly into Network estuaries, and (3) rivers that flow directly into the Great Lakes and drain watersheds greater than 250 square miles in area.  Network river monitoring will allow calculation of seasonal and annual fluxes of freshwater and loads of constituents from the uplands to coastal marine waters and the Great Lakes.  Ground water will be monitored where direct discharge into coastal waters is important based on criteria outlined in Chapter 3.  The focus for atmospheric deposition monitoring is at sites chosen to represent direct input to coastal waters.  Coastal beaches will be monitored for bacterial indicators of human or animal waste which determine the suitability of water for swimming and other primary

contact recreation.  The design for monitoring wetlands is deferred for the present, pending additional research on methods and approaches.

	Table 3-2  Network Design Summary 


	Resource component
	Purpose
	Reporting

unit
	Number of sites per reporting unit
	Total number of sites


	Site Selection
	Sample

frequency
	Sample

interval

	Estuaries


	Condition of US estuaries
	National &

IOOS regions
	50 per IOOS region
	500 sites sampled per year
	Probability-based design that will assure geographic coverage
	Once per year
	5 years (repeat year 1 sites in year 6)

	
	Condition of individual estuaries
	Individual estuary
	50 sites per estuary except for very small estuaries
	1500 sampled per year

(50 sites X 30 estuaries sampled per year)
	Probability-based design that will assure geographic coverage
	Monthly for physical and chemical conditions in water column;

Once per year for biological characterization and sediment quality
	5 years (repeat year 1 estuaries in year 6)

	
	Transport through estuaries
	Individual estuary
	15 sites per estuary
	2235

(15 sites X 149 estuaries)
	Distributed along salinity gradient from major river mouth to seaward outlet
	Monthly for physical and chemical conditions in water column
	On going

	
	Short-term variability
	Individual estuary
	2 per estuary
	298

(these sites are subset of sites used for transport)
	At two ends of salinity gradient
	Continuous monitoring
	Continuous

	Nearshore
	Condition of near shore waters
	National & IOOS regions
	50 per IOOS region
	500 sites sampled per year
	Probability-based design that will assure geographic coverage
	Once per year unless conditions dictate greater frequency
	5 years

(repeat year 1 sites

in year 6)

	
	Condition of near shore waters
	National & IOOS region
	Variable-data collected at appropriate fixed sites, where available
	Variable
	Determined by resource management agencies & IOOS Regional Associations
	Variable
	On going

	
	Condition of near shore waters
	National & IOOS regions
	Remote sensing (satellite, aircraft, in-water and shore-based sensors) & autonomous underwater vehicles
	Not Applicable
	Entire resource assessed
	Continuous
	On going

	Offshore
	Condition of offshore waters
	National & IOOS regions
	Variable—data collected during shipboard surveys & from buoys
	Variable
	Determined by resource management agencies & IOOS Regional Associations
	Variable
	On going

	
	Condition of offshore waters
	National & IOOS regions
	Remote sensing (satellite, aircraft, in water and shore-based sensors) & autonomous underwater vehicles
	Not Applicable
	Entire resource assessed
	Continuous
	On going

	Great Lakes
	Condition of Great Lakes
	Individual lake, aggregated to IOOS region
	50 per lake in lakewide, depth-stratified design
	250 sites per year
	Probability-based design that will assure geographic coverage
	Once per year
	5 years (repeat year 1 lake sites in year 6)

	
	Condition of Great Lakes embayments
	Embayment population in IOOS region
	Variable--within each embayment
	50 embayments
	Probability-based design that will assure geographic coverage
	Once per year
	On going

	
	Condition of Great Lakes
	Individual lake
	Variable by lake--data collected during shipboard surveys at fixed, historical sites offshore
	Variable
	Determined by resource management agencies
	Once to twice per year
	On going

	
	Condition of Great Lakes
	Individual lake
	Remote sensing (satellite, aircraft, in-water and shore-based sensors) & autonomous underwater vehicles
	Not Applicable
	Determined by resource management agencies and IOOS Regional Association
	Continuous
	On going

	Rivers
	Flow and loads from inland HUC-6 watersheds
	Individual watershed
	1-3 per watershed
	258 sites

for conterminous

U.S.
	Sites located to represent 90% of freshwater outflow from HUC-6 watershed
	Monthly plus high flows (about 15 times per year)

Once per year for biological characterization and sediment quality
	On going

	
	Flow and loads to estuaries
	Individual estuary

and aggregated for Network

estuaries
	Variable
	72
	Sites located to monitor 97% of freshwater inflow to Network estuaries and

inflow to 70% of Network estuary surface area
	Monthly plus high flows (about 15 times per year)

Once per year for biological characterization and sediment quality
	On going

	
	Flow and loads to Great Lakes
	Individual watershed
	1 per watershed
	56
	Sites located to represent outflow of basins draining 250 square miles or more
	Monthly plus high flows (about 15 times per year)

Once per year for biological characterization and sediment quality
	On going

	Ground Water
	Direct inflow to coastal waters
	Coastal aquifer
	Variable depending on whether aquifer provides significant flow and loads of constituents
	Variable
	Sites selected by local and regional experts
	Variable
	On going where appropriate

	Atmospheric Deposition
	Direct loads to estuaries and Great Lakes
	Individual estuary and Great Lake
	Variable depending on size of reporting unit
	Design deferred
	Determined by resource management agencies and technical experts
	Continuous
	On going

	Beaches
	Establish condition based on bacterial contamination
	Logical  groupings to be determined


	Varies
	Data records from 2,765 beaches
	All records in existing State beach monitoring data
	Approximately weekly
	Annually

	Wetlands
	Wetlands condition
	Design deferred – tentatively by IOOS Region & by wetland category
	Design deferred
	Design deferred
	Design deferred – probably randomly chosen
	Design deferred – about once per year
	Design deferred – about 5 years (repeat year 1 sample sites in year 6)


Constituents

Constituents to be monitored include physical characteristics, inorganic and organic chemical concentrations, and biological conditions.  Many of the same measurements will be made in all resource components and no measurement is made in fewer than three of the components.  This is an important aspect of the overall design because the continuity of measurements will provide a better understanding of the linkages among resources.  Development of a list of specific analytes and environmental parameters that will serve as a set of core measurements for the Network will require consensus among experts and is one of the early steps needed for Network implementation.

Data Comparability, Data Storage, and Data Access

Full implementation of the Network will require the use of data collected by a number of federal, tribal, state, local, academic, and private sources.  Data must be comparable to allow integration into a coherent assessment of the condition of and trends in the quality of the Nation’s coastal waters and their tributaries.  A successful and efficient national-scale compilation and integration of environmental monitoring data will require:

· known and appropriate methods;
· documented quality assurance and quality control;
· metadata; and
· access to data and related information.
A survey of several agencies that collect nitrate data in the Delaware River Basin revealed that most used similar methods but that routine quality assurance and quality control procedures were not routinely or well documented and that few of the agencies maintain metadata that are available electronically.

A survey of 173 monitoring programs from five regions of the U.S. (Chesapeake Bay, Delaware Bay, Gulf of Maine, Gulf of Mexico, and Pacific Northwest), plus 4 federal databases (NWISWeb, NAWQA Data Warehouse, STORET, and Legacy STORET) was conducted to evaluate the current status of water quality data management systems.  These programs represent various types of data (e.g., chemistry, biology, spatial) from various types of organizations (volunteer groups, nonprofit groups, and state and federal agencies), collected by a variety of methods (direct observation, sampling, continuous monitoring, remote sensing) within various environmental settings and parts of the water cycle.  The evaluation helped to acquire information regarding four categories: (1) access method, (2) search and retrieval capabilities, (3) level of metadata available, and (4) archive method.  None of the programs evaluated had all the capabilities desired for the Network data management and access system.  Furthermore, the lack of information regarding metadata and archival methods are potential impediments to developing a Network access system.

As the surveys related to methods comparability, quality assurance and quality control, and data management indicate, it will take significant effort to integrate data from different sources into the proposed monitoring Network.  To fully engage potential participants, it will be necessary to work on both of these issues, to identify how their existing procedures could be adjusted to make them compatible with the Network.

Monitoring and Modeling

There is an ever-increasing demand for environmental monitoring data and other interpretive products derived from those data.  However, there will never be enough money to collect needed data in all of the places and at all of the times.  Using available data to improve the ability to extrapolate to unmonitored areas partially compensates for this.  Among the tools that will help this effort are improved statistical analyses of data and development and use of models to interpret environmental data and facilitate scientific understanding of complex environmental issues.

In terms of their modeling approaches, inclusion of resource areas, and spatial and temporal domains, currently available water quality models vary.  Some models are statistical in nature; that is, they are empirical and derived from a set of observations.  Others are mechanistic or numerical, based on a set of relationships between environmental characteristics and functioning or performance of an ecosystem.  All of these types of models require a broad spectrum of observations and an array of quality-assured monitoring data.  Routine monitoring programs often do not have sites in optimal locations for model verification or other targeted applications.  The flexibility of site selection and inclusion of targeted monitoring sites in the proposed Network alleviates such shortcomings.

A fully implemented Network will contribute to advances in both modeling and monitoring by providing data that address the following interconnections:
· Model improvement–More data will contribute to increased understanding of processes, improved analysis of observations, and greater predictive capability.
· Model testing–The credibility and utility of model performance and outputs will be enhanced by providing field verification data, or data to validate interior test points of models.
· Experimental design–Models provide outputs that reveal patterns of variability in key environmental characteristics and may serve as the basis for designing efficient sampling schemes, such as improvements in the spatial scale and frequency of observations.

· Inference about hidden variables–Models can provide inferences about the significance of variables that are difficult to measure routinely or directly or may be missing from the monitoring program but which could substantially influence the processes or parameters being investigated.

· Remotely sensed data–Model simulations encompassing broad areas or geographical regions often require corroborating data obtained from satellite, aircraft, or shore-based sensors with a wide swath, and by means of synoptic sampling coverage from moored and drifting buoys.

· Application–The quality of model output strongly relates to model assumptions and input data.  If models, based on information gained in specific experiments are used, data obtained from national and regional scale monitoring programs will provide a broader perspective and improve the quality of modeling results.
Recommendations and Next Steps
The Network design concepts presented in this report can best be tested and refined through one or more pilot studies.  The process of planning and conducting these pilot studies will address some of the next steps listed below.  The recommended scale for the pilot studies is either an IOOS region or sub-region.  To be consistent with the Network design, the pilot studies should include all resource components.  A study that monitored only rivers and estuaries or only the near shore environment would not be appropriate for assessing the Network design because one of the most important characteristics of the Network is the connectivity among resource components.  Another important criterion for selection of the pilot studies would be the willingness of different sectors of the monitoring community to participate in the collaborative effort.

Creation of a small inter-agency program coordination staff, with dedicated personnel, will provide leadership and coordination of the next steps of Network implementation.  This program coordination staff should help facilitate development of the pilot studies, coordinate and track the next steps in Network design, develop and track metrics, and document progress in Network implementation.  A dedicated staff is needed to maintain the level of effort and momentum to begin implementation of the Network. This effort goes beyond what the volunteers who designed the Network and prepared this report can continue to invest.

It is appropriate for the Council and its parent organization, ACWI, to have a continuing role in Network implementation because these are the two organizations chosen to lead the Network design effort and they have a stake in its success.  Program staff should periodically report progress and seek guidance from the Monitoring Council.  Finally, because the Network is included in the Administration’s plan to address the recommendations of the U.S. Commission on Ocean Policy, and because its implementation will need support at the policy level, the groups that requested creation of the Network design, CEQ and NSTC (SWAQ and JSOST), should have an on-going role in Network implementation.

Next Steps:  Important steps for Network implementation that need attention in the near term include:

1. Designate an inter-agency program coordination staff.

2. Select one or more pilot studies to begin Network implementation and test Network design concepts.

3. Engage the monitoring community in dialogue about the Network to develop support for implementation.

4. Further refine Network design details such as the list of core measurements, location of monitoring sites, and performance requirements for sampling protocols and analytical methods.

5. Establish metadata standards and requirements for data systems.

6. Conduct a full inventory of on-going water quality monitoring efforts that might contribute to the Network.

7. Develop a set of metrics.

8. Identify resources needed by federal and non-federal agencies for Network implementation and work to secure those resources.
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