Summary of progress for MRB2 (SAGT) Nutrient Trends, Loads,  and SPARROW Model --  January 18, 2006
[Components correspond to the detailed timeline worksheet]

I  Water-quality data retrieval and review
1.  USGS NWIS sites – Task complete
Stations suitable for trend analysis were identified through a review of available NWIS sites, using Fluxmaster site statistics and review of time plots of nutrient data available by station. The stations were prioritized into nine groups. The top three priority station groups include approximately 100 stations with long-term data encompassing the 1993-2004 time period under review by all MRB studies. The data was retrieved by state from 1973-2005. Data conversions, re-censoring, and calculation of synthetic variables precede trend analysis.  

2.  “Wide net” retrieval of all surface-water nutrient data from STORET – Task complete
Retrieved and reformatted to SAS data sets the nutrient-concentration data from the two separate STORET data bases (legacy and modernized) for all stations in the SAGT area classified as "TYPA/AMBNT" (legacy)  or as "River/Stream, Channelized stream, or Riverine impoundment"  (modernized).    The resulting SAS data set includes concentration data spanning 1975 - 2004 for 14,561 stations, and for 458,390 samples (average 31 samples per station).

Converting data from the STORET formats into a format suitable for the period-of-record-screening software and the loads-estimation software proved challenging,  particularly for the data retrieved from modernized STORET.    Conversion of parameter-code (or characteristic-name) information and remark-code information was accomplished by a series of SAS programs;  steps are described in detail in Word documents "How to retrieve and reformat data from legacy STORET,"  "How to retrieve and reformat data from modernized STORET, " and "How to combine data from legacy and modernized STORET.”

Processed the combined dataset to analyze period of nutrient record for each station (steps are described in detail in the Word document “How to evaluate period of record using Fluxmaster”):  of the 14,561 stations with nutrient data, 1,200 stations have potential for developing an annual load estimate for at least one of the years 1999-2003, provided a daily streamflow record can be matched to the water-quality station.
3.  Supplement STORET retrieval set with data requested from State and Federal agencies  -  Task completed

Retrieved and reformatted to SAS data sets the nutrient-concentration data for the period 1998-2005 from state water-quality agencies in Virginia Mississippi, and Alabama.  (These agencies do not upload monitoring data to modernized STORET.   Note: requested data from Tennessee Valley Authority, which also does not upload monitoring data to modernized STORET, but TVA has not sent these data.)     For stations operated by the Tennessee Department of Environment and Conservation,  modified station identification, in the project data set of STORET data, for earlier record (pre 1995) so that pre-1995 sample data could be joined with later sample data (to account for systematic station renumbering around 1995).       

4.  Match water-quality sites (STORET, supplemental state, federal) with streamflow gages 

Summary of progress to date:  Used a series of GIS-processing steps  to identify streamflow gages at or near (within drainage-area-ratio tolerance) the water-quality sites  -  prepared listing of water-quality sites with associated match (possibly multiple matches, if more than one streamflow gage met the drainage-area ratio.)  For the list of 909 matched water-quality sites, tested the best match for overlap of streamflow and water-quality record within the period of interest. 

NHD Plus linework and catchments were supplied by Richard Moore for the entire MRB2 (and MRB5) study area. The NHD Plus lines (representing streams) are corrected for flow direction and are related to the catchments so a one-to-one relationship exists with each stream segment and the watershed that drains to it. 

The catchments are related to the reaches so that as traces are done upstream, the catchments are also traced. This allows the user to collect all upstream catchments that flow to a point, representing the complete drainage area.
Drainage area ratio was used as the criterion for a goodness of match between monitoring site and gaging station; a paring with a ratio between 0.75 and 1.25 was considered an acceptable match. 

A preliminary set of STORET sites (1437) were processed to check methods and see potential sources of errors. Traces were done for each STORET site by automating the following steps:

· Find the NHD stream closest to the STORET site.

· Find the coordinates of the upstream point of the NHD stream.

· Trace upstream and collect all catchments.

· Calculate drainage area.

· Calculate 75% to 125% range of drainage area.

· Trace downstream and collect all downstream catchments.

· Overlay the USGS gages with the collected catchments and determine if any had a drainage area that fell within the tolerance.

· Write the results out to a file that includes stream name, drainage area, site ids and difference in drainage area of both data sets.

· Create “snap shots” of the watersheds and trace results with stream name information so that verification can occur.

Each site’s “snap shot” was reviewed, and STORET sites that were assigned to the wrong stream were moved so that the drainage areas would be accurate.
No attempt to delineate directly to the point was made – the nearest catchment was used.

The location and drainage area information for the USGS sites was assumed to be correct.
Final results:    

Of the 2,062  water-quality stations (from STORET and other-agency-datasets) that were processed through the matching program (because they had been identified as having nutrient concentration record in the period of interest),  909 stations were matched to one (or possibly more than one) streamflow gage.   
Tested the ‘best’ matches for overlap of streamflow and water-quality record within the period of interest (1996 through 2004)  -  iterative fluxmaster runs.   591 stations had sufficient overlap between water-quality and streamflow record to permit calculation of a detrended flux estimate for total phosphorus for the base year 2000 (fewer stations for total nitrogen).  
5.  Ancillary data compilation
Drainage-basin boundaries were delineated by MRB2 staff for basins not analyzed as part of cycle I or II basin characterization, including 476 NWIS stations to be included in trend analysis and 3 eco sites.   N. Nakagaki and J. Falcone used these boundaries to calculate basin-level estimates for all variables in the  NST ancillary data sets

Ancillary data sets for the MRB2 trends and eco basins were compiled  for the following variables 
Land use/land cover (nlcde (1991); NLCDep (1991+2000 pop density)

Climate factors

Soils and geology

Agricultural pesticide and nutrient inputs, including annual nitrogen and phosphorus from fertilizer for 1987-2004
Hydrologic and physical parameters

Landscape regions

Road density

Stream density

Road and stream intersections

(see http://wwwdcascr.wr.usgs.gov/pnsp/gis/data/swancil/mrb.html)
Additional ancillary data have been compiled by the MRB2 team:

1990 and 2000 population density for trends and eco basins (using block data)

Approximately 65-2000 census variables and socioeconomic indices for eco basins (block group).  
The MRB2 team is developing data for:

a. Approximately 65-1990 census variables and socioeconomic indices for eco basins (block group)

b. Urban intensity index for eco basins

c.  Annual nitrogen and phosphorus wastewater load (2000-2002) –
The key steps in the development of estimates of annual nutrient wastewater load, and current status, are summarized below..  
1.  Development of a site file.  
Status: Using data from the EPA Permit Compliance System (PCS) and the states of NC and SC, a site file for approximately 9,400 dischargers in the MRB2 area has been compiled.  Site information includes facility name and permit number, location, and SIC code.  Data are subset to only include permits with SIC codes for discharger types associated with nutrient discharges, resulting in a site file with approximately 5,700 dischargers.  
Key remaining task for this step is to check location information, using MRB2 teams checks and also consultations with states at the same time load estimates are reviewed (see next step).  
2.  Developing annual nutrient load estimates for 2000-2002 ( the period when the MRB2 SPARROW model will be calibrated.)  
Status: A protocol for developing load estimates has been developed and tested using PCS and state data for NC.  An attached spreadsheet summarizes the load results, and also contains the data used in load calculations and a summary of the load estimation protocol.  
Key remaining task for this step:  develop the point source load estimates for the remaining states (SC, GA, FL, AL, TN, MS) and work with the states to check extreme load estimates and also to obtain improved location information.  Once load estimates for a state have been completed, state water quality offices will be asked to review the estimates, particularly the exceptionally large estimates.  State contacts will be developed with the assistance of Jim Greenfield and Molly Davis, EPA Region 4.  Mike Woodside, Anne Hoos, and Jerry McMahon met with Jim and Molly at Region 4  on October 26 to discuss this process.  
II Data analysis – Trends  

(details on trend analysis are in the separate report “Water–Quality Trends and Loads In the Southern Atlantic Gulf and Tennessee River Basins-- Summary of Approach”)
III Data analysis –Loads Estimated for SPARROW

Developed approach (SAS programs)  to convert the coding of less-than information in the STORET data sets and other-agency data sets to a format that load-computation software can interpret appropriately; steps are described in detail in the Word documents "How to convert measurement-code data from legacy and modernized STORET to Fluxmaster-compatible format”.

Using Fluxmaster, computed detrended (to base year 2000) loads for all NWIS data for total nitrogen and total phosphorus, fitting water-quality data with a standard 5-parameter model (no quadratic terms), and fitting streamflow data (for detrending purposes) with a model incorporating seasonal and time-trend variation and serial correlation.    Of the 317 NWIS stations in MRB-2 area with some overlapping WQ-streamflow record within the period of interest (WY 1995-2004),  144 had sufficient overlap to permit calculation of a detrended flux estimate for total phosphorus for the 2000 base year.  Will compare this result (number of qualifying stations) to results for other base years (1999, etc.), using all data sets (NWIS, STORET, other-agency data sets) to identify the most data-rich year (from the period 1999-2002) for detrended-load-estimation for total nitrogen;  this will serve as selection criterion for the base year for SPARROW modeling.
Remaining steps for this task, with staff-time estimates:

1. After comparing results (number and spatial distribution of stations with detrended flux estimate) for several possible base years for the complete data set, select the base year for SPARROW modeling;  finalize the calibration data sets for total nitrogen and total phosphorus.  (Anne and Jerry, 2 weeks)
2. Add feature to Fluxmaster to modify input data set of streamflow daily values to account for drainage-area differences between the matched pairs of water-quality and streamflow station. (Request to Greg Schwarz)

3. Rerun Fluxmaster on the selected calibration data set  to compute final flux estimates for SPARROW model. (Anne, 2 days once preceding step is complete)

IV Data analysis – Calibrate and apply RF1 version of SPARROW 
Identified detailed steps for developing the RF1 SPARROW model, with staff-time estimates.

1) Select base year(s) for SPARROW analysis and run Fluxmaster for all sites (including the additional sites from 'wide-net' STORET retrieval) - compare Loadest and Fluxmaster results where possible (Anne, Ruth) 

2) Once we have the load stations identified we also need to check the lat longs so that we can locate the stations relative to the RF1 and NHD reaches. 
Status:  Silvia is contacting John Brakebill to get the most recent version of RF1

3)  Add reaches to catch any monitoring stations that aren't on the RF1 network; add reservoir information (area) where needed from national coverages (e.g. NHD 100K); make sure all reaches have unique ID and that flow direction is correct.  (Silvia, Kirsten: expect this to take several weeks)
4) Once we have a coverage of load stations we can use an aml crated by John Brakebill to split RF1 reaches where needed.  (Silvia, Kirsten, Jerry: expect this to take 1-2 weeks) 
5)   Once all load stations can be located on the modified RF1 network, we can create reach catchments and use the catchments to create reach-specific ancillary data on inputs and landscape characteristics (Silvia, Kirsten, Jerry: expect this to take 4-8 weeks)

6) Calibrate and choose appropriate SPARROW models for RF1 network (Hoos and McMahon: expect this to take 1-2 months)

7) Consult with EPA and states about potential applications for calibrated models (Hoos and McMahon)

8) Develop and run applications (Hoos and McMahon: expect this to take several months, goal is to have some of these done in time for San Jose meeting.)
Met with water-quality management agencies to discuss potential applications for the calibrated SPARROW model:    
October 26 - Mike Woodside, Jerry McMahon, and Anne Hoos met with EPA Region 4 TMDL coordinator Jim Greenfield and TMDL analyst Molly Davis to discuss potential TMDL applications of a SPARROW nutrient model for the Southeast. Greenfield expressed interest in using SPARROW model results for the Yazoo River Basin in a nutrient TMDL that EPA will be developing during the next year.

October 25-26 - Mike Woodside, Jerry McMahon and Anne Hoos presented/discussed assessment-type applications of SPARROW with state-agency monitoring and standards personnel from each state in Region 4,  at EPA Regional Technical Advisory Group (RTAG) annual meeting (Ed Decker and Jim Harrison, Region 4 EPA, coordinated the meeting and our participation).

June 6 - Anne Hoos discussed SPARROW applications with Buddy Morgan, Executive Director of the Tallapoosa River Clean Water Partnership (TRCWP)  (Athena Clark, Director of USGS Alabama Water Science Center, coordinated this meeting).   TRCWP has compiled detailed spatial data sets on nutrient sources and BMPs in the Basin  – these could be incorporated in a nested SPARROW (within the MRB SPARROW) to improve accuracy of modeled source-share contributions within the Tallapoosa River Basin, which could in turn serve as a basis for allocating load reductions  
V Calibrate and apply NHD version of SPARROW 

Identified remaining steps for developing the NHD SPARROW model, with staff-time estimates.

1) Coordinate with Rich Moore and Cindy McKay to edit existing NHD coverage and develop NHDPlus.  (Silvia, Jerry)  
Status:  The NHD Plus has been pre-processed to flow downstream, but some corrections were necessary when streams did not connect with upstream reaches. Amls were written to test the connectivity, but manual editing needed to be done to snap streams and connect all drainage networks. We reported back to the NHD Plus team that we had made these corrections, and the team would like us to submit the new version so that their product is more accurate. We have submitted a new version of the NHD Plus linework to USGS/EPA contractors, but will need to do about 1 more week of checks to insure that linework added by our office is accurate. We will be receiving digital topo maps (DRG’s) for the entire Southeast to verify that lines are spatially accurate. We have not received the software and imagery to proceed with these corrections.An estimate of late March is being targeted for the final version of NHD Plus to be available for use in SPARROW.

2) Locate load stations relative to the  NHD reaches; if we aren't splitting reaches we need to make sure that there is no more than one load station per reach; if so, we need to choose one station.(Silvia, Kirsten: 2-4 weeks)
3)  Add reservoir information (estimate of reservoir surface area associated with each reservoir reach) from national coverages (the NHD waterbody coverage); make sure all reaches/catchments have unique ID and that flow direction is correct. (Silvia, Kirsten: 2-4 weeks)

4)   Use the catchments to create reach-specific ancillary data on inputs, and landscape characteristics (Silvia, Kirsten, Jerry: 4-8 weeks)

5) Calibrate and choose appropriate SPARROW models for NHD network (Hoos and McMahon: 1-2 months)

6) Consult with EPA and states about potential applications for calibrated models (Hoos and McMahon)

7) Develop and run applications (Hoos and McMahon: several months)
