Proposed Regional Synthesis Project 

Application of the SPARROW model to MRB3 (Great Lakes, Ohio, Upper Mississippi, and Souris-Red-Rainy River Basins) to Identify Watersheds Contributing the Greatest Phosphorus, Nitrogen, and Sediment Loadings
Scope (NAWQA components / constituents): Status and trends and HST / Nutrients and Sediment

Geographic coverage: All of MRB3.


Study Units (Data):  NAWQA study-unit data only provide a small part of the data to be used in this study. Data that will be included come from all study units in MRB3, all USGS data in the area (NASQAN and state studies), and all major sampling agencies in MRB3. Data have already been retrieved from NWIS, STORET, and specific state data bases.

Time period:  Annual loads will be computed for the period from 1975 to 2005 (for years in which flow data are available). Regional estimates for unmonitored streams will be estimated for two time periods: the early 1990s (1992) and the early 2000s (2002). The 2002 period is consistent with models developed in other parts of the country.

Land use(s):  All land uses, but primarily forest, agriculture, and urban

Is this an inter-regional proposal?  No. But if this work continues, it will lead to an entire Mississippi SPARROW model (see attached pre-proposal) and part of National modeling efforts.
Lead author(s):  Dale Robertson and David Saad, Wisconsin Water Science Center
Contributing authors:  Krista Stensvold (GIS technical support, Wis. WSC) and David Hall (Assembling data and model simulations, Wis. WSC). Additional support provided by Tamara Ivahnenko (point sources), Greg Schwarz (SPARROW modeling components), Richard Alexander (SPARROW modeling direction).
Objectives 
Tier 1: Development of RF1 SPARROW model for 1992 (Funded by the USEPA):

1. Develop total phosphorus and total nitrogen SPARROW models for all MRB3 (which includes the Upper Mississippi, Great Lakes, Ohio, and Red/Souris/Rainy River Basins) with 1 km DEM with RF1 stream resolution based on 1992-inputs from point sources, fertilizers, manure, etc. This spatial resolution is approximately the same as the current National SPARROW models of Alexander and others. The National stream network will be refined for only the basins containing new sites with measured loads using an approach developed by MRB2.

These models will have data inputs similar to Alexander and others; however, the models will have many more sites with loading information. If Tammy Ivahnenko completes point-source work in MRB3, these data will be incorporated into the models. Current plans have MRB3 at the top of Tammy’s priority list to compute point-source loading.

2. Describe distribution of total phosphorus and total nitrogen yields in streams throughout MRB3 (at RF1 resolution).
3. Rank all of the basins in MRB3 in terms of loading above the background conditions established by Robertson and others (2006a) and Robertson and others (2006b).

4. Summarize the ranking of streams throughout the area for the USEPA. 

Tier 2: Development of RF1 SPARROW model for 2002
1. Develop total phosphorus and total nitrogen SPARROW models for all MRB3 with 1 km DEM with RF1 stream resolution based 2002-inputs from point sources, fertilizers, manure, etc. This spatial resolution is approximately the same as the current National SPARROW models of Alexander and others. The National stream network will be refined for only the basins containing new sites with measured loads using an approach developed by MRB2.
These models will incorporate all of the updates being developed at a National level (land use, atmospheric loading, etc.) and include loading information for many more sites than included in the National models. Point sources will be estimated in conjunction with Tammy Ivahnenko. Current plans have MRB3 at the top of Tammy’s priority list to compute point-source loading. A meeting is planned for July 2006 to begin this effort.
2. Describe distribution of total phosphorus and total nitrogen yields in streams throughout MRB3 for the early 2000s (at RF1 resolution and adjusted to 2002)
3. Describe where nutrients reaching the Great Lakes and downstream-most part of the Mississippi River in MRB3 originate.

4. Describe changes in loading from 1992 to 2002 and changes in relative contributions to downstream loads. This component can only be done if data inputs are sufficiently accurate from these two periods.
5. Rank all of the basins in MRB3 in terms of loading above background conditions established by Robertson and others (2006).
6. Prepare report/Journal Article summarizing the 1992 and 2002 models, and include the ranking of streams in terms of relative loading throughout the area. 

Tier 3: Development of NHDplus model for 2002
National NHD-plus data (30 m DEM with NHD stream resolution) should be available by the end of 2006. National SPARROW personnel will develop hydrologic and ancillary databases for the country during 2007. 
1. The SPARROW models developed for 1992 and 2002 will be refined to an NHD-plus level. The results will then be reported to a level supported by the data available. 

2. Compare RF1- and NHD-plus-scale model results and compare model accuracy for these two levels of resolution.
3. Prepare report/Journal Article summarizing the results of the NHD-plus models and comparing the accuracy of the models using different levels of spatial resolution.

Data interpretation approach & feasibility

Site Selection:  All sites from USGS NWIS data base (NAWQA and state), STORET (only the major sampling agency(s) in each state will be used), and state databases (Illinois (NWIS), Indiana (state database), and Wisconsin (state database)). Only sites with sufficient data (25 samples), coinciding stream gage (same location as water-quality site) or nearby gage, and sufficient years of record (more than approximately 3 years near the reference period – this will be standardized across the country) will be included in the analysis. Site selection will be discussed at a National meeting planned for September 2006.
Methods:  Fluxmaster, SPARROW model, SPARTA for background conditions, and multivariate statistical techniques. 
Data availability & processing:  Water-quality data for MRB3 have already been retrieved from NWIS, STORET, and State data bases. STORET and NWIS data were retrieved as part of previous work with Nate Booth. Streamflow data from National data base have been retrieved. Problems? No, all data have been retrieved and in SAS data bases. Processing – primarily with Fluxmaster. Problems? None expected. Loads have been computed in the past with this software, just updating the estimates to 2005. Data processing will be discussed at a National meeting planned for September 2006.
Staff availability:  No problems. Much of the basic SPARROW modeling is already in the individuals work plans. Model application and writing will occur primarily in 2008 and 2009.
Complexity:  Medium: Most data have been retrieved. Complexity comes in with trying to add new updated point-source data and in Tier 3 with refining to a NHD hydrologic framework. Pilot projects in MRB1 and MRB2 will be conducted in 2007 and 2008 prior to our NHD-plus modeling activities. 

Risks / contingencies:  What could go wrong?  The 1992 models may need to rely on point-source data from Alexander if new estimates of point sources do not become available. Ancillary data for 2002 may delay development of 2002 models; however, Rich Alexander and others are confident that this should not be a problem. The refinements to an NHD level in Tier 3 may have to be delayed until NHD-plus coverage and ancillary data become available. However, by moving these activities to 2009, this should not be a problem.  
Other Program contacts:  Status and trends, nutrient synthesis – Neil Dubrovsky; HST, National SPARROW – Richard Alexander and Greg Schwarz; USEPA – William Franz, USEPA, Region 5 and Kenneth Teague, USEPA, Region 6; and State agencies – James Baumann, Wisconsin DNR. USEPA and individual states are awaiting the results of the MRB3 study. Army Corps, USEPA, States, and others would like to see a complete Mississippi River model for Gulf Hypoxia issues. 
Expected Outcome 

Load estimates for total phosphorus and total nitrogen (and possibly suspended sediment depending on modeling activities by Greg Schwarz) for all streams in MRB3 and percent of the load which reaches the Great Lakes or downstream location on the Mississippi River. This will enable streams to be ranked based on their local and downstream contributions.  

Reference loads will also be estimated for different regions of MRB3. This will enable us to determine how much the streams exceed background or reference conditions and enable the USEPA to prioritize areas for future work.
Why is this topic important to report on?  

This topic is important to the USEPA and individual states. The USEPA wants to prioritize their efforts put toward monitoring and remediation efforts. Results of this study will enable the USEPA to rank individual rivers based on actual yields and yields exceeding background conditions. Individual States are establishing TMDLs for many large river basins. Estimated loads will enable TMDLs to be more easily developed. 
Why does this topic need to be addressed now? 

This topic is not only a priority in the SWST report, but is important enough to the USEPA to provide $100K of funding to start the study (for 1992) before USGS funding was available.
Why is it appropriate for this topic to be addressed by USGS?  NAWQA?  this regional Team?  

This topic has been identified as a priority in the SWST report. No one is more appropriate than the USGS to do these large regional studies that rely on USGS water quality and streamflow data.
Who cares?

The primary agencies that are interested in the results of this study are the USEPA and individual State agencies. However, many other Federal (NOAA, Great Lake Commission, Upper Mississippi River Basin Nutrient Workgroup) and State Agencies in Upper Mississippi River Basin and Great Lakes Basin are waiting for our results.
Cooperator: USEPA Region 5. USEPA provided funds ($40K in FY2006 and $60K in FY2007) to begin this project, develop the 1992 SPARROW model for MRB3, and rank the streams based on relative yields. Additional funds from NAWQA would provide funds to develop the 2002 model with RF1 resolution, update both models to a NHD-plus stream framework, and update point-source input using refined point-source loading.

Preliminary Budget:
Completed - FY06 ($40,000 – USEPA- SPARROW Funding; $10,000 USEPA – Sediment Criteria; and $15,000 MRB Trends). Assembling data and computing loads.
0.15-FTE – Dale Robertson

0.15-FTE – Other Wisconsin personnel

0.20-FTE – Krista Stensvold
$1000 – Travel

$2500 - Publications

Total Cost: $65,000
FY07 - Complete Tier 1 (1992 SPARROW model) and start Tier 2 (2002 SPARROW model) 
($140,000 from NAWQA and $60,000 to be provided by the USEPA). 
0.45-FTE – Dale Robertson

0.45-FTE – Dave Saad

0.2-FTE – Krista Stensvold

0.1- FTE – David Hall

$4000 – Travel 
Total Cost: $200,000

FY08 Complete Tier 2 – 2002 RF1 SPARROW model ($170,000 from NAWQA). 

0.4-FTE – Dale Robertson

0.4-FTE – Dave Saad

0.1-FTE – Krista Stensvold

0.1- FTE – David Hall

$3000 – Publication costs

$4000 – Travel 

Total Cost: $170,000
FY09 Tier 3 – NHD-plus SPARROW models ($200,000 from NAWQA). 

0.45-FTE – Dale Robertson

0.45-FTE – Dave Saad

0.2-FTE – Krista Stensvold

0.1- FTE – David Hall

$3000 – Publication costs

$4000 – Travel 

Total Cost: $200,000
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development
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0.45

1.30

Krista Stensvold

GIS and Point Sources
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David Hall

Assembling data and 

model simulations
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0.30

Total FTEs
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Personnel Summary

 - FTE requirements for MRB3 SPARROW model development and 

applications

Note: Part of FTEs are covered by USEPA funds
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Data Compilation

     Compute loads with Fluxmaster

1992 RF1 SPARROW Model

Develop 1992 SPARROW input files

     Refine the RF1 coverage

     Build stream network for RF1

     Compile predictor variables for 1992

Data Analysis for 1992 model

     Calibrate 1992 RF1 SPARROW model

     Simulate 1992 loads

Data Interpretation and Summaries for 1992 model

     Rank Basins based on TP and TN (1992)

     Start discussions on entire Mississippi R. Model

2002 RF1 SPARROW Model

Develop 2002 SPARROW input files

     Compile predictor variables for 2002

Data Analysis for 2002 model

     Calibrate 2002 RF1 SPARROW model

     Simulate 2002 loads

     Determine sources of loads

Data Interpretation and Summaries for 2002 model

     Rank Basins based on TP and TN (2002)

     Compare loadings from 1992 and 2002

     Prepare Report/Article 1992/2002 RF1 models

2002 NHDplus SPARROW Model

Develop 2002 SPARROW input files

     Build stream network for NHDplus

Data Analysis for 2002 model

     Calibrate 2002 NHDplus SPARROW model

     Simulate 2002 loads

     Determine sources of loads

Data Interpretation and Summaries for 2002 model

     Rank Basins based on TP and TN (2002)

     Compare results from RF1 and NHDplus

     Prepare Report/Article comparing RF1 and NHD

Fiscal Year 07

Fiscal Year 08

Fiscal Year 09
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Potential SPARROW Modeling in the Mississippi River Basin

The USEPA is interested in putting together a refined SPARROW model for the entire Mississippi River Basin to assist in Gulf Hypoxia studies. Dale Robertson has discussed this with USEPA (Regions 5 and 6), and has put in proposals for funding. To date, we have only received funds from Region 5 with which we have started work in MRB3 ($100K) and a proposal with USEPA Region 6 has been potentially funded to start assembling data ($50K). In conjunction with the modeling in MRB3, we hope to coordinate with efforts in MRB4 (Lori Sprague) and MRB5 (Richard Rebich) to develop a refined Mississippi River SPARROW model. 

Breakdown of Effort:

1. MRB3

a. Dale Robertson and David Saad: Develop RF1 SPARROW model for MRB3 (Upper Mississippi River, Great Lakes, and other River Basins). 
b. Coordinate modeling efforts with MRB4 and MRB5.

c. Develop Mississippi River SPARROW model.

2. MRB4

a. Lori Sprague: Develop RF1 SPARROW model for MRB4 (Missouri River Basin).

b. Assist in developing Mississippi River SPARROW model.

3. MRB5

a. Richard Rebich: Develop RF1 SPARROW model for MRB 5 (Lower Mississippi and Gulf Coast).

b. Assist in developing Mississippi River SPARROW model.

Time Frame:

These activities would start when the regional models are complete. Therefore, this study would be conducted in FY09/10. The entire basin model would be either developed for the early 2000s (2002).
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