Proposed Regional Synthesis Report 2-C

South Atlantic-Gulf & Tennessee River Basins (MRB 2)

Trends in sources and transport of nutrients to lakes and estuaries

Scope (NAWQA components / constituents):  (1) Sources -- Data that can be used to directly or indirectly represent nutrient sources, including point source inputs, at least for large (>0.1-0.5MGD) dischargers; population; agriculture (either fertilizer sales or based on crop data); atmospheric deposition.  (2) Nutrient loads -- Integrator sites, Indicator sites; nitrogen and phosphorus.  Information from USGS District trend and load analyses will be incorporated to support or clarify findings from NAWQA sites.  Focus on TN initially and then TP as time/resources allow.

Study Units:  All MRB2


Time period:  late 1980s to 20024; focus interpretation on last 10 years.


Land use(s):  NA

Expected authors – Lead:  Jerry McMahon (Sources), Doug Harned and Anne Hoos (Trends & Loads)

Contributing:  Dan Calhoun and Silvia Terziotti 

Anticipate two tiers of staff needs:  (1) – Lead authors will develop protocols for source data compilation and for screening potential load sites, calculate loads, assess trends, and develop model to explain trends.  (2) --Assistance at district level will be needed to assemble point-source, NWIS, ADAPS, and non-USGS data.
Objectives

Develop annual database that can be used to directly or indirectly estimate nutrient inputs to SAGT river basins.  Estimate trends in these sources by 8 or 10 digit HUCs.  Utilize these data to as explanatory variables for explaining trends in loads.  Utilize data to calibrate SPARROW model and in applications of SPARROW model to predict loads and load shares over time.  

Identify network of sites where nutrient loads can be calculated and meet the following site selection criteria:  represent a broad range of environmental setting conditions that are representative of the major environmental settings of region; represent a broad range of basin sizes; have flow and chemistry data that allow loads to be calculated for a common year (for use in SPARROW calibration).  Calibrate annual loads at each site for as much of the time period (late 1980s-20024) as possible.  Estimate trends.  Develop time-series models to explain variability in loads over period of record, using time and source data as explanatory variables.  For a few load basins, attempt to develop BMP data to examine the impacts on BMPs on nutrient trends.

Develop a regional SPARROW model that can be used to assess nutrient status and trends at the reach scale.  Calibrate model for early 1990s and apply model to quantify the change in nutrient inputs and loads over the study period for the separate sources specified in the model. Model background nutrient concentrations and compare with other data being used for nutrient criteria development.

Data interpretation approach & feasibility

Number of sites / components:  Data collected for all areas where nutrient trends and SPARROW studies to be conducted.  All NAWQA integrator sites; selected indicator sites and USGS coop network sites and NASQAN sites.  Use staged approach to identifying sites for load calculation for TN and TP.  Assess suitability of sites in NWIS according to site selection criteria.  Attempt to add sites with non-USGS chemistry data that meet above criteria.  

Methods:  Annual estimates of source values will be prepared.  Original geographic unit of data will be either point (point source), county (population and agricultural statistics) or surface interpolated from point values (atmospheric deposition).  Annual point source input data will be developed using state DMR records, supplemented by other sources.  County-based estimates of fertilizer application, manure accumulation, and atmospheric deposition are available for 1987-2002 from NAWQA National Synthesis and will be allocated to agricultural and urban land uses in specific basins using techniques developed by National Synthesis.  Trends assessed using time-series analysis.  Spatial unit of source trend analysis will be 8 or 10 digit HUCs.

Method(s) developed to retrieve effluent-monitoring-data for all permitted wastewater dischargers in the MRB-2 area, and to process data into annual series of estimates (or synthesized estimates, where necessary) of wastewater load of nitrogen and phosphorus to streams for each permitted discharger, will be evaluated and documented.  

Load estimation with S- LOADEST. Trends in load can be determined from the significance of the coefficient on the time term in the LOADEST model.  Determine ways of explaining detected trends at several levels, including inferential use of long-term state or regional data sets or more quantitative analyses such as regression of annual loads on selected explanatory variables.  Explanatory variables may include land use, population, atmospheric deposition, and agricultural applications.  

Implementation of SPARROW approach will be similar to regional implementation in North Carolina and Chesapeake Bay.  Utilize small steering committee of substantive experts.

Data availability & processing:  Assembling data in original geographic units is the major challenge of this study.  Data for USGS concentration and discharge are readily available; state water quality data will require STORET retrieval and formatting for use in load estimation software.  Acquisition and processing of ancillary data sets will be more complicated, and the most useful sources and methods of analysis will need to be identified.

Load data developed for loads trends assessment will be used for calibration of SPARROW model.  Annual point source input data will be developed using state DMR records, supplemented by other sources.  County-based estimates of fertilizer application, manure accumulation, and atmospheric deposition are available for 1987-2002 from NAWQA National Synthesis and will be allocated to agricultural and urban land uses in specific basins using techniques developed by National Synthesis.  Where possible data developed by the national SPARROW team (e.g., background nutrient concentrations) will be considered for use in the model.  The hydrology network will be provided by the RF1 data set.  NLCD data from 1990 (and 2000, if available) will provide land cover information used for model calibration.
Staff availability:  Need to make use of national synthesis resources to develop protocols for data collection.  Availability of coordinator and GIS person is not certain.  District staffing plan (students with local district person as contact) not clear.  Doug Harned is experienced in application of statistical procedures for trend- and load-estimation and is available to lead this effort supported by staff (hydrologists and students) in North Carolina and Tennessee.   Gerard McMahon is available to lead and document the development of the source data base, supported by staff in North Carolina, Tennessee, and Georgia, and construction of the SPARROW model.  Anne Hoos is available to lead the calibration and documentation of the SPARROW model.  
Complexity:  Medium complexity for point-source data collection.  Low complexity for other source data.  Use established techniques for trend calculations.  Load and trend calculations should be pretty straightforward using established techniques.  Regional SPARROW approach is also an established technique.

Risks / contingencies:  
Other Program contacts:  Status and trends, nutrient synthesis – Dave Mueller/Barb Ruddy;  HST – Rich Alexander, Greg Schwarz
Expected Outcome

Database of source information on annual time step.  Report on HUC-based trends in these sources.
Documentation of method(s) used to develop time-series estimates of point-source inputs. 

Nutrient trends 

Trends in reach scale inputs and delivered yield; trends in source shares. 

Why is this topic important to report on?

Explanation of temporal trends in water quality requires time series data for nutrient sources at same temporal resolution or time step as the water quality data.

Trends in nutrient concentrations and loads are among the most important regional water-quality issues.  USEPA and states have mandated responsibilities for managing nutrients in freshwater and coastal waters.  Algal blooms and hypoxia occur annually or episodically in streams, reservoirs, and estuaries throughout the Region.

A major benefit is that the proposed watershed modeling technique significantly advances the methods of trend evaluation, providing a more scientifically objective assessment of the causes of trends.  The proposed SPARROW Southeast model will provide a method to both quantify trends and explain their causes.  Current approaches for assessing the causes of trend typically rely on relatively informal comparisons (and in some cases, simple correlations) of trends at monitoring sites with observed changes in contaminant inputs to the watershed above monitoring sites.  These techniques fail to account for the response of stream water quality to simultaneous changes in multiple sources within the watershed and to biogeochemical processes on the land and in water that remove contaminants during transport to downstream monitoring sites.

The model is useful for members of the liaison committee with nutrient-related regulatory and planning interests and has been of interest to scientists as a jumping off point for further investigations about nutrient fate and transport.  The model addresses strong recommendation in the National Research Council NAWQA report to do more modeling in cycle II, particularly using SPARROW.

Why does this topic need to be addressed now?

NAWQA cannot meet it Cycle II goals of explaining water quality trends without time series record of source data.

Eutrophic conditions and low dissolved oxygen in coastal waters are ongoing problems of regional concern.

Why is it appropriate for this topic to be addressed by USGS?  NAWQA?  this regional Team?  

The USGS through the NAWQA program and other national and district programs has the resources to address this topic, including consistent data sets and methodologies, as well as the spatial and temporal scope to provide a broad picture of the topic.  

Who cares?

USEPA – nutrient criteria and TMDL development, coastal loads
States – nutrient criteria and TMDL development; economic concerns including commercial fishing and shell fishing
coastal municipalities – economic concerns
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