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Monitoring Approaches to Meet the Nine Minimum Elements of a 

Section 319 Watershed Management Plan
The U.S. Environmental Protection Agency (EPA) requires that watershed-based plans developed or implemented with Clean Water Act (CWA) Section 319 incremental dollars include at least nine key elements if they are to address CWA Section 303(d)-listed waters (USEPA, 2003a).  This fact sheet describes the relationship between water quality monitoring and these nine minimum elements.

Watershed management plans are focused on the restoration or protection of water quality and designated use support, so achievement or maintenance of these goals is the basis for every plan.  Watershed plans need to document how they will monitor not only the implementation of the plan but also the impact of the implementation.  In fact, the steps taken in developing and executing a water quality monitoring plan are similar to those used in developing and implementing watershed plans (USDA, 1996).  It is necessary to establish monitoring plans as watershed plans are developed, but it is clear that the lack of watershed information in the early planning stages often makes it necessary to refine monitoring designs later after additional data have been gathered.  Watershed plans, in turn, are often adjusted in response to information generated by monitoring efforts.  This iterative process is an essential and obvious element of effective watershed plans, as is the integration of monitoring and watershed management activities.

Following are summaries of the nine key elements, a discussion of potential roles for monitoring under each element, and examples of monitoring applications taken from the Section 319 National Monitoring Program (NMP) projects.  Although monitoring can support all nine elements, it is usually most helpful with respect to identifying causes and sources and measuring the effectiveness of the watershed plan.

Causes and Sources
Watershed plans are required to identify all causes and sources that will need to be controlled to achieve the estimated load reductions and any other watershed goals specified. Sources that need to be controlled should be identified at the significant subcategory level with estimates of the extent to which they are present in the watershed (e.g., X number of dairy cattle feedlots needing upgrading, including a rough estimate of the number of cattle per facility; Y acres of row crops needing improved nutrient management or sediment control; or Z linear miles of eroded streambank needing remediation).

Potential Roles for Monitoring
Cause and source identification is part of the broader problem definition step, and some of this work is usually carried out before a watershed plan is established.  For example, a watershed plan might be developed on the basis of existing monitoring data showing that recreational uses of a lake are impaired due to excessive growth of lake weeds caused by high phosphorus levels.  Compliance monitoring might show that wastewater treatment plants are satisfying their permit conditions, leading to speculation that nonpoint source controls are needed.  This type and level of information, although adequate to define the broad parameters of a watershed plan, are not sufficient to guide the selection and design of management measures to be implemented (USEPA, 1997).  

Basic information regarding the unique hydrological and biological features of the major water resources in the watershed is needed to develop a clear understanding of the problem, the appropriate method for quantifying source pollutant loads, and the potential solutions to the problem.  Important parameters such as flow, precipitation, temperature, vegetative cover, soils, and evapotranspiration rates exhibit both spatial and temporal variability in most watersheds.  These and other important factors, such as the life cycles of species to be protected, the relationship between flow and water quality, interactions among pollutants, and the relationship between in-stream conditions and watershed features or conditions should be understood before launching into implementation of management measures.

Further refinements in problem definition, including more specific identification and characterization of causes and sources at the subcategory level, can be achieved with additional monitoring as described below.

Synoptic or reconnaissance surveys are intensive sampling efforts designed to create a general view of water quality in a study area.  A well-designed synoptic survey should yield data that help locate the most severe water quality problems in the watershed, as well as support identification of specific major causes and sources of the water quality problem.  Data collected in synoptic surveys can also be used to help calibrate and verify models that might be applied to the watershed (USEPA, 1986).  A variety of approaches to synoptic surveys exist; the less expensive grab sampling approaches are the norm for chemical studies (USDA, 1996).  Rapid Bioassessment Protocols and other biological assessment techniques can be used to detect and assess the severity of impairments to aquatic life, but they typically do not provide information about the causes or sources of impairment (USEPA, 1997).  Additional monitoring techniques would be needed to identify sources.  Walking or canoeing the course of tributaries can also yield valuable, sometimes surprising, information regarding causes and sources.  It is important to recognize that because of their short duration, synoptic surveys can yield results that are inaccurate due to such factors as unusual weather conditions, intermittent discharges that are missed, or temporal degradation of physical or biological features of the water body.  Follow-up studies, including fate and transport studies, land use and land treatment assessments, and targeted monitoring of specific sources, might be needed to improve the assessment of causes and sources derived from synoptic surveys.  It is essential that all approaches used to identify and characterize water quality problems and sources are linked to maximize both effectiveness and efficiency.

To develop a successful watershed implementation plan, it is necessary to know the relationships among the identified water quality problems and the sources and causes of those problems.  Fate and transport monitoring is designed to address these issues.  This type of monitoring typically involves intensive sampling over a relatively short period, with frequent sampling of all possible pollutant pathways within a fairly small geographic area (USDA, 1996).  Because nonpoint source contributions are often seasonal and dependent upon weather conditions, it is important that fate and transport monitoring be of sufficient duration to encompass a reasonably broad range of conditions.  The limited geographic scope of fate and transport monitoring, coupled with the required sampling intensity, makes it an expensive venture if applied broadly within a watershed.  Because of its cost and relatively demanding protocols, fate and transport monitoring is best used in a targeted manner to address the highest-priority concerns in a watershed.  For example, the preferential pathways of dissolved pollutants (e.g., nitrate nitrogen) that can be transported via surface or subsurface flow to a receiving water body might need to be determined and quantified to help identify the critical area, design effective management measures, and estimate potential pollutant load reductions.

Clear communication between program and monitoring managers is required to specify monitoring objectives that, if achieved, will provide the data necessary to satisfy all relevant management objectives.  The specific details of any monitoring design depend on a range of factors, including the management questions to be answered, the monitoring objectives, water body type, problems to be addressed, size and complexity of the watershed, budget, logistics, and time frame.  

Examples
The Morro Bay National Estuary Program in California conducted a sediment loading and stream flow study to evaluate the sediment contributions from the creeks that feed the bay (USEPA, 2004). The results of this fate and transport study indicated that the majority of the sediments being transported to Morro Bay from Los Osos Creek and Chorro Creek were silts and clays. The average annual loading was estimated at 70,000 tons per year. Los Osos creek was estimated to contribute only 14 percent of the total average annual loading, while it was estimated that 86 percent came from Chorro Creek. The event and interval (e.g., weekly) data collected for the Morro Bay NMP project were used as the foundation for this study and for numerical models.
Preliminary monitoring data for the Swatara Creek, Pennsylvania, NMP watershed were used to help document stream conditions and identify problem areas prior to installation of passive treatment systems (USEPA, 2004).  Data from these previous investigations included analyses of typical coal mine drainage (CMD): metals, major ions, acidity, and alkalinity.  The data indicated that a substantial proportion of the total streamflow originated as CMD.  The targeted investigations also revealed the watershed locations from which the majority of the aluminum load to the stream originated.

Paired-watershed studies, involving both treatment watersheds where implementation would occur and control watersheds where no changes would be made until after the monitoring program ended, were used in many of the NMP projects to evaluate the effectiveness of management measures.  In the Lake Champlain NMP project, fish and macroinvertebrate assemblages indicated degraded conditions in the treatment watersheds due to nutrient enrichment and sedimentation (USEPA, 2004). The impaired control reach supported a biological community indicative of severe, intermittent stress resulting from improper manure and corn silage management upstream.  Baseline data on soils, topography, land ownership, and agricultural land use were compiled and mapped in a Geographic Information System (GIS), and detailed farm-by-farm information on agricultural activities and management were also collected as part of the effort to identify the causes and sources of documented water quality problems in the project watersheds (Meals, 2001).

A biological investigation of Sycamore Creek, Michigan, conducted in 1989, revealed an impaired fish and macroinvertebrate community (USEPA, 2004).  Fish and macroinvertebrate numbers were low, suggesting lack of available habitat.  Widespread aquatic habitat destruction from sedimentation was documented, and it was determined that channelization of Sycamore Creek was causing unstable flow discharge, significant bank-slumping, and erosion at sites that had been dredged.

Monitoring of water quality and bank erosion prior to management measure implementation revealed that bank erosion was likely a major source of sediment and nutrients in Oklahoma=s Peacheater Creek watershed (Haraughty and Tramell, 1999).  Before this monitoring effort, other sources in the NMP project area had been considered more significant, pointing out the potential benefits of synoptic surveys.
Many of the NMP projects used a suite of chemical, biological, and habitat monitoring approaches to identify the causes and sources of water quality problems.  In the Grande Ronde, Oregon, NMP project, pre-implementation data revealed that most water chemistry violations (mostly pH) occurred in the main stem of the Grande Ronde (USEPA, 2004). Water chemistry results for 1993-1995 indicated that no significant water chemistry problems had been observed for the 10 study sites, but monitoring of habitat conditions indicated that habitat conditions were impaired at some sites.  Lower McCoy Creek, for example, was characterized by channelized banks, little riparian vegetation, and shallow pools and riffles.  Stream restoration efforts were therefore targeted to this area. Water temperature was identified as a significant factor affecting both water quality and biological communities in the Grande Ronde. 

Load Reductions Expected
Watershed plans must also include an estimate of the load reductions expected for the management measures to be implemented.  Estimates should be provided for all sources identified.

Potential Roles for Monitoring
Load reduction estimates are typically generated with a modeling approach.  A range of models for estimating loads are available, some more detailed than others.  Some models attempt to mimic the true processes that occur in the field, whereas others are based on mathematical relationships derived from empirical data (USEPA, 2003b).  The inner workings of most models contain coefficients that relate management actions to water quality outputs, and these coefficients predetermine the effectiveness of management measures in reducing pollutant loads.  The degree to which these coefficients accurately reflect conditions in the watershed of interest largely determines the accuracy of model predictions.  Research has demonstrated that the effectiveness of individual practices is not additive (Maret, et al., 1991), and therefore monitoring data might be needed to develop pollutant removal coefficients for systems of practices to be implemented in a watershed.  The aggregate effectiveness of any system of management measures is a function of the effectiveness of the individual management measures, the interactions between the management measures, and site-specific conditions (USEPA, 2003b).  

Monitoring can be used to refine the coefficients used in models, thereby improving the accuracy of model predictions.  Monitoring data might also be needed for models that use measured parameters as input or require calibration (USEPA, 2003b). The level and extent of monitoring needed depend on the model used and the specificity desired in model outputs.  For example, coefficients are needed at the subcategory level (e.g., dairy cattle feedlots, row crops) to satisfy the requirements of the nine minimum elements.  Further, coefficients might be needed for various conditions of these subcategories to provide reliable estimates of the change in pollutant loads, particularly for models that use mathematical relationships based on empirical data.  Management is often better represented as a continuum rather than as simple step increases (i.e., with/without management), and accurate modeling might depend on the modeler=s ability to distinguish among a wide range of management levels in the study watershed.  This requires a set of pollutant removal coefficients that represents various levels of management along the continuum to enable estimation of load reductions due to a potentially complex collection of large and small improvements in management spread out over the study watershed.  An example application of this type of information is the Watershed Treatment Model (WTM), a simple spreadsheet that tracks pollutant sources and the effectiveness of various watershed treatment options in urban and urbanizing watersheds (CWP, 2005).  The WTM can be used to develop TMDLs for nutrients or sediment.

Pollutant loads are estimated directly from monitoring by measuring water discharge and pollutant concentration, and then calculating pollutant load by multiplying discharge times concentration over the time frame of interest (USEPA, 2003b).  While direct load estimation can help evaluate downstream impacts, calculate per acre loading, and support comparison of local loadings with estimates from other areas, it does not usually attribute loads to particular sources and cannot be used to predict how loadings might change in the future.  Because 80 to 90 percent or more of an annual load might be delivered during the 10 percent of the time in which fluxes are high, load estimation accuracy depends upon a reliable flow record and sampling during periods of high flow (Richards, 1997).  The stage-discharge relationship must be known for the monitoring location if flow-weighted sampling is to be conducted (USDA, 1996).  In many watersheds, however, stage-discharge relationships are not known and flow data are inadequate for estimating pollutant loads.

Examples
NMP data were used to develop Total Maximum Daily Loads (TMDLs) in the Morro Bay, California, watershed (USEPA, 2004).  Water quality data collected at the paired watersheds were used to develop numerical models of sediment loading in the watershed.  Monitoring data enabled development and calibration of local rainfall-runoff-sediment yield routines that were extrapolated into whole watershed simulation models used to reconstruct and predict flow and sediment delivery to Morro Bay during storm events (Fehlman, 1999).  In addition, nutrient data were used to identify concentrations in the various tributaries in the watershed and the percent reductions needed at these locations to achieve water quality targets.

Lake sedimentation surveys were used to determine the rate of sedimentation in Lake Pittsfield, Illinois (Roseboom, et al., 1999).  Measurements of stream flow and sediment concentrations during flood events were used to estimate sediment loads prior to sediment basin construction at two key monitoring stations in the watershed.  Sediment yields for this NMP project were estimated per acre of watershed area and per unit volume of discharge based on monitoring data, helping managers to target priority areas and design sediment control structures that would reduce the lake sedimentation rate sufficiently to extend the useful life of the reservoir.

An important secondary objective of the New York City NMP project is to compare levels of Cryptosporidium and Giardia before and after treatment (USEPA, 2004).  The New York City Department of Environmental Protection will do this as part of its overall pathogen program using data collected in the NMP study.  Data are being used to test and calibrate watershed models that can predict the net effect on water quality after those participating farms in the watershed complete implementation of management measures. Ultimately, this might allow estimates of changes in pollutant loads delivered to Cannonsville Reservoir.

Management Measures and Critical Areas
EPA requires that all plans include descriptions of the nonpoint source (NPS) management measures that will be implemented to achieve the estimated load reductions and other goals identified for the watershed.  Also needed is an identification of the critical areas in which those measures will be implemented.

Potential Roles for Monitoring
Source load estimates developed from watershed modeling supported with local monitoring data should form a solid basis for delineating critical areas and selecting management measures needed to achieve the necessary load reductions.  Critical areas are generally those parts of a watershed that encompass the major pollutant sources that have a direct impact on the impaired water resource (Gale et al., 1993).  In targeted watershed projects, management measures need to be directed to the critical area, with the expectation that these measures will solve most or all of the problem.  Accurate delineation of the critical area is therefore key to the success of any watershed project.  This delineation hinges on successful identification of causes and sources, reasonably accurate source load estimates, and accurate characterization of the fate and transport of the primary pollutants in the watershed. 

The selection of management measures depends upon site suitability, effectiveness with respect to the management goals and loading targets, cost, and stakeholder preferences.  Knowledge of the watershed gained in assessing the causes and sources of water quality problems should help determine which management measures are suitable for the watershed.  Watershed characteristics also play a major role in determining the extent to which the management measures will reduce pollutant loads and improve water quality (USEPA, 2003b). 

Both land use-based and water quality-based assessments of pre-implementation management are necessary to select the proper management measures for the watershed plan.  In land use-based approaches, on-site assessments using tools like Farm*A*Syst (Jackson, et al., nd) are conducted to determine the quality of management and the types and levels of improvements needed to achieve watershed goals.  Direct examination of the water resources can yield useful information regarding discharge points and pathways for concentrated runoff, streambank degradation, and unanticipated causes and sources of identified problems.

The effectiveness of management measures is not additive (USEPA, 2003b).  Monitoring data on the effectiveness of management measure combinations central to the watershed implementation plan can help provide realistic assessments of the likelihood that these combinations will achieve target load reductions.  It is important to integrate modeling and monitoring activities to incorporate local effectiveness data, to the extent possible, into modeling and planning exercises.  Monitoring data gathered from synoptic surveys or fate and transport studies can help improve modeling estimates of the off-site benefits derived from management measure implementation.

Examples
Lake sedimentation studies were conducted four times (1974, 1979, 1985, and 1992) prior to initiation of the NMP project at Lake Pittsfield, Illinois (USEPA, 2004).  It was determined that the majority of the lake volume lost was at the Blue Creek inlet in the northern portion of the lake.  This information was used as the basis for designing a large basin capable of trapping 90 percent of the sediment entering Lake Pittsfield at the critical area in the upper end of the watershed.  Historic stream flow data and stream channel measurements were used to design stream stabilization measures installed in the watershed (Roseboom, et al., 1999).

In the Upper Grande Ronde Basin NMP project, an intensive fish and habitat survey was completed to better define the relationships between pool depth, water temperature, and the spatial  distribution of salmonid species.   A similar survey was planned for a newly reconstructed stream section, with the expectation that the data collected would be useful in assessing the benefits of the new channel reconstruction (USEPA, 2004).  This would also aid in the design of stream reconstruction to ensure that project goals were met.

Upstream-downstream monitoring data were used in a three-step procedure to identify critical barnyards in Wisconsin watersheds (Bannerman, 1996).  Monitoring data were used to measure the impact of barnyards on receiving water quality and to recommend the level of control needed to achieve the water resource objectives.

Assistance and Authorities
Watershed plans are also expected to include an estimate of the amounts of technical and financial assistance needed, associated costs, and the sources and authorities that will be relied on for plan implementation.  States are encouraged to consider using their section 319 programs, State Revolving Funds, USDA=s Environmental Quality Incentives Program (EQIP) and Conservation Reserve Program, and other relevant federal, state, local and private funds that might be available to assist in implementing the plan.

Potential Roles for Monitoring
Monitoring can help determine which programs can be used to address the water quality problems identified in the watershed.   For example, monitoring data showing damage to aquatic habitat from streambank erosion might support the use of section 319 or EQIP funds.  Data indicating significant pollutant contributions from large feedlots or urban areas might lead to enforcement actions as a key component of the watershed plan.  Identification of threats to endangered species or potential violations of zoning laws might also result from the collection and analysis of monitoring data.  In addition, monitoring data could reveal problems that are of interest to particular stakeholders in the watershed, creating increased support for the watershed project.  By sharing data with other groups monitoring in the area it may be possible to reduce monitoring costs or increase data collection at the same cost through coordinated efforts.  In short, comprehensive assessment of watershed problems could open new doors and should lead to intelligent decisions with respect to the authorities and assistance most likely to help achieve watershed project goals.







Examples
Prior to initiation of the Lake Pittsfield NMP project in Illinois, a Clean Lakes Program grant was used to perform a diagnostic/feasibility study to develop a lake restoration program (Roseboom, et al., 1999).  The diagnostic/feasibility study results were used to help justify a Section 319 grant which was, in turn, used to leverage additional Clean Lakes Program funds to conduct lake restoration.  Further documentation of the problem brought in other funds from sources such as USDA=s Water Quality Incentive Program.

Monitoring data were the driving force in solving the bacteria problem in Tillamook Bay, Oregon (Moore, et al., 1992).  Monitoring conducted in the bay showed high coliform levels, resulting in the involvement of several local, state, and federal agencies, as well as a local creamery association.  A wide range of regulatory, financial, and technical resources were brought to bear, with water quality data providing the common ground for discussion.  

Information and Education
A successful watershed plan=s information/education (I/E) component enhances the public understanding of the project and encourages the public=s early and continued participation in selecting, designing, and implementing the NPS management measures that will be implemented.  Continued participation is particularly important to address the long term and provide financial support for the operation and maintenance of management measures.

Potential Roles for Monitoring
Many water quality problems result from individual actions and the solutions are often voluntary practices, so effective public involvement and participation promote the adoption of management measures, help to ensure the sustainability of the watershed management plan, and encourage changes in behavior that help achieve overall watershed goals.  To develop an effective I/E program, projects must define the driving forces, goals, and objectives; identify and analyze the target audience; create the message; package the message; distribute the message; and evaluate the I/E program over time.

Because I/E goals are designed to reinforce watershed project goals, the restoration or protection of water quality and designated use support will have supporting I/E goals that should relate to water quality data collected through the monitoring program.  Monitoring data are potentially valuable to inform and educate stakeholders and the public on why the watershed plan needs to be developed and implemented, how the planned restoration and protection actions were identified, and what progress is being made in restoring and protecting the watershed.  Early in the project there is typically a need to create basic awareness of watershed issues, so monitoring data associated with problem definition will be needed most.  As the project progresses toward implementation of management measures, it will be important to educate target audiences on the causes and sources of problems.  At this stage, information such as source load estimates, critical area definition, and management measure options will get more play in the I/E effort. 

The messages vary for each audience, and monitoring data can be used to support a broad range of messages.  For example, the risk of suffering methoglobinemia is reduced when the nitrate levels of rural drinking water supplies are reduced, so monitoring data could be used to report the frequency at which samples exceed 10 mg/L of nitrate-nitrogen.  Similarly, biological monitoring data could be packaged and directed to those who fish.  Message creation, package, and distribution are responsibilities of the I/E experts, but monitoring professionals should ensure that these experts understand the data they provide to them.

Examples
Public presentations regarding the Morro Bay NMP project were made regularly to groups such as Friends of the Estuary, Cal Poly State University, Cuesta Community College, and the Morro Bay National Estuary Program (USEPA, 2004). The data collected as part of the NMP project provided a foundation for the development and implementation of the Comprehensive Conservation and Management Plan for Morro Bay.

There has been little quantitative documentation of the effects of habitat restoration on stream temperatures and aquatic communities in the Grande Ronde River basin (USEPA, 2004). Data from the Upper Grande Ronde Basin NMP project will provide useful information on the effects of channel and riparian restoration on fish and macroinvertebrate habitat improvement for areas elsewhere in the basin (USEPA, 2004).  The NMP project will also enhance interagency coordination among other agencies and watershed councils that have expressed interest in restoration work.

The Swatara Creek NMP project will document the surface-water quality of Swatara Creek and its tributaries within and downstream from the southern anthracite coalfield, the aquatic habitat recovery and biological diversity in reaches downstream from the CMD treatment systems, and the operational performance of the treatment systems (USEPA, 2004).  The knowledge gained regarding factors affecting the performance of passive treatment systems in CMD environments will help in designing cost-effective treatment systems that can help target audiences solve water quality problems in this and similar watersheds.

Implementation Schedule
EPA also requires a reasonably expeditious schedule for implementing the NPS management measures identified in the plan.

Potential Roles for Monitoring
Because monitoring data are an integral part of a successful watershed project, monitoring activities should be scheduled like any other part of the watershed implementation plan.  The monitoring parameters and other project indicators to be used, the monitoring approaches to be employed, and the data analysis plans should be addressed early in the planning process because the data might be needed during the initial stages of the project to assist in problem definition, public awareness activities, development of the plan to implement management measures, or other important activities.  Monitoring approaches such as the paired-watershed design must be coordinated with other project activities to ensure that management measure implementation occurs when and where necessary.

Monitoring data can be useful for planning the sequence or timing of particular actions envisioned in a plan.  With respect to the sequence of actions, monitoring data and analysis of information might reveal that certain activities should occur before or after other activities.  For example, downstream habitat restoration should not begin until after upstream problems related to flow conditions and toxic pollutants are addressed.  Otherwise, the new downstream habitat might be washed away shortly after installation or the habitat may attract target species that are then killed off by toxic discharges.  In some cases, water quality considerations might dictate that certain management measures are implemented simultaneously to reap the maximum benefits from them.  

With respect to timing of actions, water quality data might provide pointers as to what time of year certain actions should be planned or avoided.  For example, if monitoring data show fish migration patterns at particular times of year, it might be important to schedule activities such as stream bank stabilization projects at different times of the year to avoid disruption of migration/spawning patterns.

Because watershed planning and implementation are iterative processes that rely upon feedback from monitoring programs, it is important to build that feedback into the implementation plan. As discussed further below under Interim Milestones, monitoring can be important as implementation gets underway to determine whether actions taken are having the desired effects, or if refinements to the plan might be needed.  Monitoring efforts will provide additional information as the project progresses, and it is essential that watershed managers have mechanisms in place to receive and respond to this new information in a timely manner.  The overall effectiveness of the plan depends to a large extent on a willingness and ability to adapt as field information are developed and analyzed.

Examples
One of the major problems hindering success of several Rural Clean Water Program (RCWP) projects was the failure to include monitoring needs in the planning process (USEPA, 1993).  This lack of coordination led to several problems, including failure to define water quality problems correctly, inadequate identification of critical areas, and an inability to document water quality improvements resulting from implementation of management measures.  

Design of the NMP was based largely on lessons learned from the RCWP and similar programs (USEPA, 1991).  Selection criteria for NMP projects address problem identification, nonpoint source control objectives, institutional roles and responsibilities, critical area definition, a watershed implementation plan, and a monitoring and evaluation plan.  Linkage of the land treatment and monitoring plans is a basic requirement for NMP projects.

While inclusion of monitoring activities within a watershed project implementation schedule does not guarantee success, the integration of activities does often increase the chances of solving difficult problems that occur over the course of a project.  The Long Creek NMP project in North Carolina, for example, incorporated several monitoring designs into the overall watershed plan (Line and Jennings, 2002).  One of the key findings from this successful project was that delaying implementation of management measures to allow collection of baseline water quality data is difficult but essential to evaluating practice effectiveness.  This delay was achievable because of the integrated nature of the watershed plan and extensive efforts to communicate both the monitoring and management measure implementation time lines to all concerned.

Integration of monitoring and management measure implementation plans also benefitted the Lake Champlain Basin NMP project (Meals, 2001).  With one exception, all management measures were maintained in full operation in the two treatment watersheds throughout the project period.  The exception occurred when land was sold to a new owner who had no interest in the project.

Interim Milestones
EPA expects watershed plans to have interim, measurable milestones for determining whether nonpoint source management measures or other control actions are being implemented.

Potential Roles for Monitoring
Interim, measurable milestones help to keep a project on course.  The collection, analysis, and reporting of monitoring data should be incorporated into the milestones because water quality improvement and protection are the central goals of watershed projects.  In addition, decisions regarding the implementation of watershed plans are often conditioned upon progress made through efforts to date.  This progress is often stated in terms of water quality.  For example, critical area treatment plans can be phased, with highest-priority sites treated first, followed by lower-priority sites as needed to achieve water quality goals.  If monitoring data indicate that progress has been made but water quality goals have not yet been met, the decision might be to continue with implementation under the original plan.  If monitoring data indicate no progress, the approach must be reevaluated.  One should not assume, however, that the absence of measurable water quality improvement means that the plan is flawed because many natural systems respond slowly to change.  Deciding which choice to make C stay the course or modify the plan C is easier if suitable monitoring data are available to help explain what has occurred to date.  Management adjustments are common in watershed management efforts because of the many variables affecting water quality and designated use support, typically coupled with a lack of data regarding these very same variables. As mentioned above, monitoring can and often should be used to further refine the problem definition and identify treatment needs, two areas that play heavily in decisions regarding midcourse corrections.

Trend monitoring can be used to indicate how rapidly the water quality problem developed over time and how restoration or protection is progressing (USDA, 1996).  Trend monitoring, however, neither identifies the causes and sources of the problems nor links water quality and use support changes to the implementation of management measures.  The rate at which water quality degradation occurs can be used to select a time frame for implementing management measures or other control measures.

Fate and transport monitoring can be helpful with respect to interim milestones, particularly in cases where the soil profile, for example, contains a reservoir of contaminants that must be purged before loads to the receiving water body are reduced.  Those managing a watershed with such a condition might choose to establish interim milestones that include such things as an 80 percent reduction is soil phosphorus levels.  A monitoring program that includes soil testing and sampling of key points along the transport path would provide data to track achievement of such an interim goal.

Edge-of-field and plot-scale effectiveness monitoring can be used to explore short-term water quality reactions to management measure implementation because response times at these scales can be quite short.  Interim milestones keyed to such studies could be established to test the effectiveness of an initial round of management measures to see if they are performing as expected before implementing them throughout the watershed.  In a more general sense, these studies can provide an indication of whether things are heading in the right direction, potentially triggering mid-course adjustments to the watershed plan.  If the fate and transport of the monitored parameters are understood, projections (with or without modeling) could be made regarding future conditions farther down the transport path.  Longer-term water quality milestones could be established for the larger-scale subwatersheds and watersheds.

Examples
The paired-watershed approach has a built-in interim milestone: calibration of the treatment and study watersheds (Clausen and Spooner, 1993).  Calibration typically takes two or three years and provides a direct link between management measure implementation and water quality monitoring schedules.  Several NMP projects have used the paired-watershed approach successfully, and some have adjusted management measure implementation schedules to allow completion of the calibration period (USEPA, 2004).

Early on it became clear that the work plan for the Long Creek NMP project lacked clarity (Jennings and Burris, 1995).  The North Carolina project experienced delays and problems because the work plan lacked measurable units of work, assignment of responsibilities, and a schedule of expected accomplishments, problems which were fixed over time.

The monitoring program used for the Sny Magill NMP project in Iowa provided the opportunity to examine progress at both the small and large scales.  Monitoring data were used to determine that although management measures effectively reduced the sediment delivered from the upland to Sny Magill Creek by an estimated 50.7 percent (Palas and Tisl, 1998), the reductions were not reflected in the sediment loads discharged by Sny Magill Creek.   Researchers concluded that a large amount of post-settlement alluvium continued to be a source of erodible sediment within the Sny Magill watersheds, possibly masking the upland reductions (USEPA, 2004).

A key lesson learned from the RCWP was that project goals need to be realistic, specific, and measurable, with monitoring programs designed to evaluate progress toward the goals (USEPA, 1993).  Monitoring data collected at the Rock Creek RCWP project in Idaho showed that implemented practices did reduce sediment contributions from irrigation return flows but that streambank erosion needed to be reduced to fully address the sediment problems in Rock Creek.  In several other RCWP projects as well, monitoring data revealed a need to change implementation plans to achieve water quality goals.

Progress Criteria
EPA directs that watershed plans also include a set of criteria that can be used to measure success in meeting load reduction and water quality goals.  Criteria are also needed to determine whether the watershed-based plan or nonpoint source TMDL should be revised.

Potential Roles for Monitoring
Monitoring programs can be designed to track progress in meeting load reduction goals and attaining water quality standards, but there are significant challenges to overcome.  The selection of monitoring designs, sites, parameters, and sampling frequencies should be driven by the agreed-upon monitoring objectives, yet some compromises are usually necessary because of factors like site accessibility, sample preservation concerns, staffing, logistics, and costs.  If compromises are made because of constraints, it is necessary to determine whether the monitoring objectives will still be met with the modified approach.  There is always some uncertainty in monitoring efforts, but to knowingly implement a monitoring plan that is fairly certain to fail is a complete waste of time, effort, and resources.

One way to estimate the likelihood that monitoring data will be useful in assessing progress against load and water quality criteria is analysis of the minimum detectable change (MDC), the minimum change in a water quality parameter over time that is statistically significant (USEPA, 1993).  Using data collected prior to implementation of management measures, estimating the MDC is fairly straightforward (Spooner, et al., 1987).  For a given monitoring program, whether it is feasible to measure success in achieving proposed progress criteria can be determined.  Results of this analysis might show that it is necessary to modify or extend the project to allow sufficient time for measurable change to occur.  Alternatively, the monitoring program can be revised by accounting for covariates (e.g., flow), increasing the sampling frequency, or increasing the number of years of monitoring to reduce the MDC, making it possible to measure progress suitably within the existing time frame.  Any measured changes of smaller magnitude than the MDC will not be statistically significant, rendering them potentially meaningless with respect to achievement of watershed goals.  Monitoring program design should be integrated with the establishment of progress criteria to ensure that measuring improvements is feasible.  

Loads can be measured at many levels of resolution; tributaries and watersheds commonly serve as the geographic unit for load estimation.  Loads can also be measured for specific subwatersheds or sources, providing watershed managers with opportunities to track priority areas and determine whether funding is being directed efficiently to solve the water quality problems.  The time frame for estimating loads should be selected to fit the watershed plan and watershed of interest.  For example, seasonal loads might be most relevant for nonpoint sources, whereas annual loads might be more appropriate in watersheds with fairly consistent wastewater treatment plant discharges.  Because nonpoint source loads are subject to considerable variability due primarily to weather but also to source management, it is highly advantageous to use controlled studies (e.g., paired watersheds, upstream-downstream pairs before and after implementation) and covariates (e.g., flow) to aid in interpreting load patterns.  Information gained from fate and transport monitoring should shed some light on the degree to which lag time could affect the possibility of measuring load or concentration reductions at various points along the pollutant pathway.  In some watersheds, measurable results may not occur for decades depending upon initial conditions and the amount of change caused by the management measures.

Effectiveness monitoring using paired watersheds can be used to demonstrate an association between implementation efforts and water quality (Clausen and Spooner, 1993).  Effectiveness monitoring does not provide definitive cause-effect information, but a tightly controlled and monitored study can result in correlations between land management and water quality parameters that contribute substantially to understanding cause-effect relationships in the study area.  Paired studies can therefore be used both to track progress in meeting load reduction and water quality goals and to provide an indication of the extent to which management measures contributed to the progress. 

As described under Interim Milestones, trend monitoring can be used to show whether conditions are improving over time, but it will not provide information regarding the causes of any changes. 

Examples
The water quality goals for the Puget Sound NMP project were based on MDC estimates for fecal coliform concentrations (Batts and Seiders, 2003).  Data collected at five streams from1992 to1993 were used to estimate the MDC values, which were then used as the water quality goals for each stream.  Because of the high variability in fecal coliform data, the median fecal coliform reduction goals ranged from 44 percent to 69 percent.  Fecal coliform data were also compared versus state water quality standards at each of the six monitored subwatersheds of the Puget Sound NMP.

Investigation of pre-implementation water quality data, along with data on fish and macroinvertebrate communities, convinced investigators that the Upper Grande Ronde Basin NMP project objectives were achievable (USEPA, 2004).  Snorkel surveys indicated that water temperature was the driving force behind shifts in macroinvertebrate and fish communities, and project scientists determined that habitat restoration could reduce temperatures sufficiently to restore those communities.

Effectiveness Monitoring
Finally, watershed plans are expected to contain a monitoring component to evaluate the effectiveness of the implementation efforts over time, measured against the criteria established to determine whether loading reductions are being achieved over time and substantial progress is being made toward attaining water quality standards. 

Potential Roles for Monitoring
Data collected through monitoring efforts should be directly related to the management objectives outlined in the watershed plan.  Effectiveness monitoring requires tracking of both water quality parameters (i.e., chemical, biological, and physical parameters and covariates) and management measure implementation (including related information such as land use).  Paired monitoring sites, upstream-downstream pairs with monitoring before and after implementation, inflow-outflow monitoring of specific control practices, and similar controlled studies are required to associate land management actions with measured water quality.  True cause-and-effect relationships cannot be established without a more intensive research-oriented monitoring program.

Monitoring can also be used to test assumptions regarding the effectiveness of measures implemented in the watershed, with monitoring efforts directed more toward those measures for which better estimates are most needed.  Effectiveness monitoring can be performed on a range of scales, including specific practices (e.g., inflow-outflow for retention structures), fields, small catchments, whole farms or neighborhoods, and subwatersheds.  Smaller scales generally provide more useful data regarding specific practices or combinations of practices.  Data collected from these efforts can be used to refine models used in the watershed.

Watershed plans usually include measures of progress associated with the receiving water bodies of interest.  Because of this, monitoring is needed to assess both the effectiveness of management measures and the impacts of the management measures on receiving water quality and use support.  Study design needs to be tailored to the specific purposes of the monitoring effort.

A monitoring plan designed to assess the effectiveness of implementation strategies can also be tweaked a bit and used to address other project needs such as documenting changes in management and pollutant source activities in the watershed, calibrating or validating models, and providing data for educating and informing stakeholders.  Key to creating a monitoring program that satisfies as many management objectives as possible is understanding how the data will be used, the questions to be answered. 

Examples
Effectiveness monitoring is fundamental to all NMP projects.  Findings from some of these projects are summarized below.

The Morro Bay NMP project used a paired watershed study on two subwatersheds of Chorro Creek (Chumash and Walters Creeks) to evaluate the effectiveness of a BMP system in improving water quality (USEPA, 2004).  Significant declines in turbidity and sediment in Chumash Creek were documented by this study, and management measures were shown to lower water temperature significantly as well.  Data collected from this NMP project have provided a basis for TMDL development in the watershed.

Results from the Long Creek NMP project in North Carolina included 75 percent and 70 percent decreases in median total phosphorus and fecal coliform levels at three grab sampling sites located on the lower third of the creek (USEPA, 2004).  Some of these decreases were attributed to livestock exclusion. The installation of exclusion fencing in the pasture of the largest dairy in the watershed resulted in 43 percent, 75 percent, 74 percent, and 85 percent reductions in weekly nitrate+nitrite nitrogen, total Kjeldahl nitrogen, total phosphorus, and total suspended sediment loads, respectively. Fencing also decreased fecal coliform and streptococci levels by 90 percent and 80 percent. Analyses suggested that all reductions except nitrate+nitrite nitrogen were statistically significant.

A GIS was used in the Long Creek project for watershed characterization, management measure targeting, water-quality modeling, and management measure tracking (Harman, 1996).  This monitoring effort also served as a test case for integrating GRASS (Geographic Resources Analysis Support System) and the AGNPS water-quality model for application throughout North Carolina.

The reintroduction of flow to the historical channel in McCoy Creek has led to beaver dam construction and excellent pools for fish and waterfowl (Whitney 2000).  The channel of this Oregon creek is narrower and deeper than the old channel.  Some temperature reduction was observed through the summer of 1997, and fish snorkel surveys in June of 1998 showed the reconstructed reach to have the highest concentration of fish of the McCoy Creek sites surveyed.

Continued monitoring showed improved fish habitat conditions in the reconstructed channel compared to the untreated Lower McCoy Creek sites.  Inflow of cool ground water coupled with the deeper, narrower channel profile and increased shade is providing areas of cool-water refuge and cover for sensitive salmonid species. Assessment of macroinvertebrate assemblage data using multiple metrics showed that the metrics successfully distinguish impaired sites from less impaired sites and that scores for the reconstructed section of McCoy Creek have increased progressively, whereas scores for the untreated sections of McCoy creek have not increased.

Total phosphorus loadings calculated from water quality data collected above and below barnyards in the Wisconsin NMP project were compared with estimates generated by BARNY (Wisconsin Barnyard Runoff Model), the model used to identify critical barnyards in the state (Bannerman, 1996).  It was concluded from this analysis that use of BARNY at other sites in the state would be credible.

In the Stroud Preserve NMP watershed, mass balance estimates obtained from concentration gradients in monitoring well transects and streamwater exports indicate that since 1994 the three-zone Riparian Forest Buffer System (RFBS) has removed between 18 and 31 percent of upslope inputs of subsurface nitrate annually (USEPA, 2004).  As of 2002, nitrate concentration in the stream draining the reforested buffer began a sharp decline, which has continued into 2004, apparently due to the rapid tree growth since 1999.  Sediment export from RFBS watershed declined relative to that from the reference watershed by about 50 percent between 1997 and 2001, suggesting that the RFBS is increasingly effective in filtering suspended sediments in this Pennsylvania watershed.

Combinations of upstream-downstream and before-after sampling schemes are being used in the northern Swatara Creek watershed.  Preliminary results indicate that the constructed treatment systems function well during baseflow conditions. The anoxic limestone drain near the headwaters of Swatara Creek is providing the greatest benefit, producing significant improvements in pH and alkalinity that are measurable several miles downstream (USEPA, 2004).  At Ravine, immediately downstream of the mined area, annual minimum values of pH have increased from acidic to near-neutral over the study period, and the fish community has rebounded from nonexistent in 1990 to 25 species in 2002. An increased abundance of benthic macroinvertebrate taxa that are intolerant of pollution indicates that water quality improved from fair in 1994 to very good in 1999 and 2000.

The Lake Champlain project in Vermont was designed to provide a quantitative assessment of the effectiveness of grazing management, livestock exclusion, and streambank protection as tools for reducing concentrations and loads of nutrients, bacteria, and sediment from small agricultural watersheds (Meals, 2001).   Using two treatment watersheds and one control watershed, this NMP project documented significant reductions in phosphorus, nitrogen, suspended solids, and indicator bacteria in response to treatment.  Monitoring results were used to communicate frequently with stakeholders as part of the project I/E effort.

Monitoring revealed dramatic decreases in sediment yields before and after construction of a large sediment basin in the Lake Pittsfield watershed (Roseboom, et al., 1999).  Both yield per acre-foot of discharge and average sediment concentration decreased by more than an order of magnitude.

The Walnut Creek NMP project in Iowa features a paired-watershed design where upstream-downstream pairs are used on both the control and treatment watersheds (Lombardo, et al., 2000).   This watershed project features conversion of row crops to native tall grass prairie.  Lessons learned from the project are displayed at a visitor center and through environmental education activities conducted at the center.

A new NMP project on the campus of Villanova University is using inflow-outflow monitoring  to evaluate the effectiveness of watershed technologies designed to control nonpoint source pollution and improve understanding of nonpoint source pollution (USEPA, 2004).  The effectiveness of these technologies will be measured and evaluated by monitoring wet weather flows and pollution entering and exiting four stormwater best management practices under both storm and baseflow conditions.

Conclusion
Watershed management plans should be developed and implemented in a dynamic and iterative manner to ensure that projects can be modified as necessary to achieve their water quality goals.  The availability of useful information at project startup varies from watershed to watershed, as do the complexity of the problems and the possible alternatives for solving the problems.  Water quality monitoring is an essential tool to be used in the development and implementation of all watershed management plans.  Information regarding the chemical, biological, habitat, and physical characteristics of water resources and how they are linked to each other and to the management and use of land in the watershed is the key to restoring and protecting water quality in a cost-effective manner.
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