
Proposed Regional Synthesis Report

Major River Basins
Proposed Title : Development of a SPARROW model for evaluating spatial and temporal variability in nutrient inputs in the Northeastern United States
Scope (NAWQA components / constituents):

Study Units:  All units in MRB1 

Time period:  1990-2004

Land use(s):  Urban, Agricultural, Forested/Undeveloped

Is this an inter-regional proposal?  Yes. This model application, calling for the use of SPARROW to characterize major NAWQA spatial frameworks, will be done collaboratively with MRB2 SPARROW models (Jerry McMahon).  Additionally, the project would establish necessary procedures for developing NHDPlus-based SPARROW models for other SPARROW modelers in other regions.
Expected authors – Lead: Richard Moore

Contributing:  Craig Johnston and others 
Objective:
1. Develop regional SPARROW models for nitrogen and phosphorus that can be used to assess nutrient loads and concentrations for each NHDPlus flowline within MRB1.  Calibrate the models for both the early 1990s and early 2000s nutrient load conditions and apply models to quantify the spatial and temporal variability in nutrient inputs and loads over the 10 year period. 
2. Examine approaches to account for large scale, regional processes affecting the transport and fate of nutrients, Test the hypothesis that there are regional scale processes—climate, hydrology, settlement patterns, land cover, topographic—that influence nutrient loading characteristics at the reach scale, and that these regional scale processes can be parameterized though the use of regional frameworks such as Level III ecoregions, nutrient ecoregions, and a generalized version of hydrologic landscapes.   Coordinate findings with the MRB2 SPARROW modeling effort.
3. Use SPARROW-predicted concentration and yield to characterize spatial frameworks used by NAWQA, including hydrologic landscapes and ecoregions.  Focus on regions shared between MRB1 and 2, including Level II (8.1 Mixed Wood Plains and 8.3 Southeastern USA Plains) and Level III (45 Piedmont, 59 New England Coastal Plain, 64 N. Piedmont, and 65 Southeastern Plains) ecoregions and a generalized version of hydrologic landscapes.  Products would include cumulative distribution frequency (CDF) plots of reach specific concentration, yield, and share information; CDF plots of concentration, yield, and share information for the population of watersheds in these regions that are comparably sized to NAWQA indicator or topical study basins; and placement of the NAWQA sites in this region on these CDFs.  Coordinate these analyses with the MRB2 SPARROW modeling effort
Data interpretation approach & feasibility

Number of sites / components  
Total nitrogen and phosphorus loads would be the dependent variable in these models.  We would use “fluxmaster” models to compute 3 sets of predictions for both nitrogen and phosphorus to be used as input to SPARROW models.  Load estimation programs would be calibrated using actual discharge and concentration data, however, load estimates would be made using a synthetic annual time series of daily mean discharge calculated from long-term record.

Predicted loads, to be used as potential input to SPARROW models, are:

1) mean annual load for early 1990s

2) mean annual load for early 2000s

3) mean summer load for early 2000s  (We need this to prepare for future SPARROW models).

We would do this for the MRB1 SPARROW nutrient trends sites (figure 1) and sites from other SPARROW studies.  
About 150 or so load estimation models are being done for the MRB1 nutrient trends study.  Recalibration of these load estimation models should not be necessary, however new predictions for the 3 time frames would be made.  For comparison the Chesapeake Bay SPARROW model has 109 load sites – 70 nitrogen and 90 phosphorus; New England SPARROW has 80 total sites – 65 nitrogen, 67 phosphorus; and Delaware SPARROW has about 120 sites total.  These data could also be used and incorporate into the process.  The goal is to include sites that cover a wide geographic distribution, a wide range in size of drainage areas, and a wide range in percentage of nutrient sources.  Nested sites (sites upstream of other sites) are also desirable and necessary.  Other data sources may be sought to meet these needs, however, the goal is not to include all possible nutrient load sites.  There is already a wealth of data that is readily available.  Load data will also be compiled in FY07 for an update of the Chesapeake Bay nutrient SPARROW models.  This data will be especially beneficial.
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Figure 1.  Location of nutrient load sites for the MRB1 trends study.  In addition, there are data readily available for sites used for the New England Sparrow model, the Chesapeake Bay SPARROW model, and the Delaware River Basin SPARROW model studies.

NHDPlus will provide the hydrologic framework of catchments and flowlines necessary to build a SPARROW model.  NHDPlus is an improved 1:100K National Hydrography Dataset (NHD).  It includes a set of value added attributes for stream network navigation, which permits SPARROW modeling to be more readily accomplished.  It includes a National Seamless Database of topographically derived catchments, and estimates of mean annual stream flow and velocity.  
Note: the author’s powerpoint presentation given at the NWQMC 2006 meeting on NHDPlus can be downloaded from 
ftp://ftpext.usgs.gov/pub/er/nh/pembroke/gis/rbm/ 
The presentation file is called Intro_NHDPlus_moore_nwqmc06.ppt
Point source data would require coordination with Tamara Ivahnenko’s point source study.  MRB1 would need to be prioritized in this national assessment of point sources discharges of nutrients.  
Methods (standard? new?):  Methods for this analysis are fairly new and would modify those used for the successful NHD-based New England SPARROW nutrient models.
The recently documented SPARROW modeling code (entirely in SAS) would be used.  (This code was used to create the New England SPARROW models so the authors are familiar with it.)
Data availability & processing:  
· The modeling network:   NHDPlus is “ready for prime time” and will be available, in the summer of 2006, for MRB1.  This would be the network to be used for this study.  Load data from the Chesapeake Bay, Delaware and New England models would be migrated to it.  
Note: Greater detail could be built into the model for the Delaware River Basin however we are opting not to do so.  For the Delaware River Basin the 1:24,000-scale NHD has been used to build a SPARROW model, and this additional detail, for a selected area, can be incorporated into an overall model with coarser resolution, as was done in the nested version of the New England SPARROW model.  However, the benefits of having a uniform reasonably detailed network at the 1:100,000 scale is desirable and would facilitate the future development of a similar national SPARROW model.  
· Dependent load data determined from the MRB1 nutrient loads and trends study would be used.  Additional processing is required to remove the possible effects of early 1990s and early 2000s being dry or wet years.  Greg Schwartz has this built into his loads estimation program “fluxmaster”.

· Predictor data from the NAWQA compilations.  Predictor variables that are nationally available (esp. NAWQA data) would be sought for inclusions.  This would facilitate and improve compatibility with a possible future National NHD-based SPARROW model.  Potential predictor variables that are available for testing include: 
· Land use/land cover (NLCD for 1991and 2001)

· 1990and 2000 population density

· Climate factors (Temperature and Precipitation – already comes with NHDPlus)

· Soils and geology

· Nitrogen from atmospheric deposition, 1985-2004 

· Agricultural inputs of Nitrogen and Phosphorus from fertilizer for 1987-2004 

· Agricultural inputs of Nitrogen and Phosphorus from manure for 1987-2004 
· Hydrologic and physical parameters

· Landscape regions

· Road density

· Stream density

· Road and stream intersections

· Point sources

(see http://wwwdcascr.wr.usgs.gov/pnsp/gis/data/swancil/mrb.html)

Staff availability:  
Richard Moore was the primary developer of the first NHD-based SPARROW model (the New England nutrient SPARROW).  He is able to run SPARROW models using both the old and new SPARROW programming codes.  He is familiar with MRB1, and was responsible for compiling some of the ancillary (primarily point source) data.  Also, as one of the developers of NHDPlus, Richard is well familiar with the GIS framework to be used in the proposed SPARROW models.  Richard was responsible for the development and creation of all 2.6 million topographically-based catchments, nationwide, that accompany the new NHDPlus product.  He is available for this work beginning next fiscal year (FY07).  
Craig Johnston, a GIS analyst, works well with Richard.  He has been instrumental in assisting Richard with the creation of both the New England SPARROW models and NHDPlus.  It is recommended that we keep this highly functional team together for the MRB1 SPARROW.  Craig is also available for this work beginning next fiscal year.

Coordination with the previous nutrient trends work and some additional nutrient load estimation work would require time from Elaine Trench of Ct.  She has been working with the load data for the MRB1 nutrient and trends study.  Elaine is also available for this work next fiscal year.
Complexity:  Moderate/High: 
The models are indeed complex.  However, the developers have demonstrated the ability to apply NHD-based SPARROW modeling to a large region.  We are confident that a similar success would be realized for MRB1.  

A complexity exists in that existing SPARROW models, within the region, seem to have found different coefficients (Three nitrogen models that cover all or parts of MRB1 are given as an example in table 1).  Differences in coefficients are especially significant with regards to decay coefficients.  Perhaps this reflects regional (climatic) controls on decay.  Regional SPARROW modelers (Jerry McMahon, Steve Preston, and Mary Chapega) and national SPARROW modelers (Rich Alexander, Dick Smith, and Greg Schwarz) should be involved when the models are calibrated, and variables should be included that allow for regional gradients.  Additionally it is proposed that calibration be done collaboratively with MRB2 to explore regional coefficients that may be linked to regional variables such as ecoregions.   
	
	
	New England 
	National Model
	Chesapeake Bay

	
	
	SPARROW Model
	SPARROW Model
	SPARROW Model

	Dependent variable (nitrogen transport) in kilograms per year.
	
	

	
	
	
	
	

	
	R-squared
	0.95
	0.87
	0.96

	
	Mean-square error
	0.16
	0.45
	0.17

	
	Number of load sites
	65
	414
	79

	
	
	
	
	

	
	
	
	
	

	
	
	Coefficient
	Coefficient
	Coefficient

	
	
	
	
	

	Nutrient Source
	Municipal wastewater-
	1.13
	0.44
	1.49

	Variables
	  treatment facilities
	
	
	

	
	Atmospheric deposition
	0.36
	6.56
	1.02

	
	
	
	(not directly comprable)
	(not directly comprable)

	
	Agricultural land
	910
	–
	–

	
	      (kg/km2/y)  
	
	
	

	
	Developed land
	988
	–
	–

	
	      (kg/km2/y) 
	
	
	

	
	Urban
	–
	–
	785

	
	      (kg/km2/y) 
	
	
	

	
	Non-Ag Land
	–
	1665
	–

	
	      (kg/km2/y) 
	
	
	

	
	
	
	
	

	
	Fertilizer application
	–
	1.43
	0.28

	
	Livestock waste 
	–
	1.06
	0.34

	
	
	
	
	

	Delivery variables
	  Soil Permeability
	0.36
	0.045
	0.075

	
	
	
	(not directly comprable)
	(not directly comprable)

	
	Temperature
	–
	0.02
	–

	
	
	
	
	

	Decay Variables
	Stream decay
	
	
	

	
	 for streams  <= 100 cfs
	0.71
	–
	–

	
	 for streams  <= 200 cfs
	
	–
	0.76

	
	 for streams  <= 1,000 cfs
 and > 100 or 200 cfs
	–
	0.38
	0.32

	
	 for streams  > 1,000 cfs
	–
	–
	0.07

	
	 for streams  <= 10,000 cfs
 and > 1,000 cfs
	–
	0.12
	–

	
	 for streams  > 10,000 cfs
	–
	0.04
	–

	
	 for reservoirs
	–
	–
	0.41


Table 1 shows the various coefficients determined by, for example, various Nitrogen SPARROW models.

Risks / contingencies:  
Potential risks include the unavailability of input datasets such as the 2001 NLCD or even NHDPlus.  Both of these are due out this summer.  It is very unlikely that NHDPlus would not be available by the end of the summer.  If the 2001 NLCD (mandated to be done this FY) is not complete we could proceed by first working with just the 1991 landcover data.  
Additionally, the improved pointsource dataset (to be developed under Tamara Ivahnenko’s direction) needs to be available at the start of FY08.  If this is not possible, we would need to acquire point source data from EPA and develop the datasets ourselves.  This would delay completion or require additional personnel.
Expected Outcome:  

Products include two sets of predictions each, from the nitrogen and phosphorus models, for all 202,000 NHDPlus flowlines within the MRB1 region.  One set of predictions would be for the early 1990s timeframe and the other for early 2000s.  This would allow comparisons of predictions between the two time frames.  The information could be integrated with conclusions to be developed out of the nutrient trends study.  Predictions and input data would also be provided at that scale that has proven to be of use to other investigators.  The NHDPlus comes at a scale of 1:100,000 with catchments based on 1:24,000-scale topographic data.  Use of the New England SPARROW data by other investigators has proven this network to be a much more useful than the 1:500,000-scale RF1.
A project report would be produced during a third year.  It is expected that this report would be an SIR to permit detailed descriptions of the models and results.  However, a journal article would be preferable if the findings warrant a broad distribution among the scientific community.  The authors would be most willing to pursue this option.
Procedures would be established for developing NHD-base SPARROW models.  These procedures could be used by other SPARROW modelers to model to other regions.  Instruction would be given to other USGS study teams on the techniques used to apply SPARROW modeling using the NHDPlus framework.  The authors are accustomed to giving workshops following the New England SPARROW models.  Funds for this training would be sought outside of this proposal since it is of benefit to the other MRBs (not MRB1).
This NHDPlus-based SPARROW framework would also permit other MRB1 SPARROW models to be readily established.  
Other possible future models include:

· Stream flow—Greg Schwarz’s pilot study for HydroRegion 17, the Pacific Northwest, could be applied to model both the mean and variance to enable synthetic hydrographs at ungaged locations.  This I understand would be especially useful for ecological studies as well as a host of other applications (much like StreamStats).

· Seasonal Nutrient models

· Nutrient species (forms of nitrogen and phosphorus)?

· Chloride (from road salt and other anthropomorphic sources as well as natural sources)

· Pesticides

· Mercury

· Sediment

· DOC and BOD
Why is this topic important to report on?

Nutrients, nitrogen and phosphorus, have consistently ranked as one of the top three causes of use impairment in US waters for more than a decade. Excess nutrients lead to significant water quality problems including harmful algal blooms, hypoxia, declines in wildlife and wildlife habitat, and have been linked to increases in human pathogens.  

SPARROW modeling helps to: extend the data to unmonitored locations; identify nutrient sources; and understand the processes involved.
The NHDPlus network, coupled with SPARROW modeling, is responsive to the needs of the intended end users, the community of professionals charged with managing and improving the quality of our nation’s waters. 
Why does this topic need to be addressed now?

The time is ripe for doing this project.  NHDPlus will be ready this summer; NLCD 2001 is mandated to be completed this fiscal year (FY06); the new SPARROW code goes public this summer; and the investigators are available to do the work.  It also positions NAWQA well for subsequently using the NHDPlus-based MRB1 SPARROW framework for modeling other contaminants in the near future, for building NHDPlus-based models elsewhere, and for combining models into a national model.
Why is it appropriate for this topic to be addressed by USGS?  NAWQA?  this regional Team?    Modeling of this sort is valuable in that it permits us to extend data to unmonitored sites, to identify nutrient sources; and to understand the processes involved.  Providing this kind of information is a real benefit to the public interest.  
Who cares and why?  
The detail and functionality of the NHD (NHDPlus) combined with SPARROW modeling capabilities produces an excellent water-quality modeling tool with numerous applications.  This has been clearly demonstrated with the New England SPARROW models.  The New England SPARROW models are already being used by other investigators and we should build upon this success to include all of MRB1.  The possibility of MRB1 SPARROW modeling is also already generating interest.  Hal Walker, US EPA Narragansett Research Laboratory, Atlantic Ecology Division, Office of Research and Development (ORD), is very supportive of MRB1 SPARROW modeling, including possible future summer season models.  ORD is involved with developing nutrient criteria for different classes of estuarine tidal ranges for the entire length of MRB1’s coast.
Existing New England SPARROW model applications include:
· Long Island Sound TMDL program

· two related USGS / NEIWPCC projects 

· nutrient loads in the upper CT basin 

· rate of nitrogen loss in selected reaches

· In Vermont - Nutrient Criteria work relating NE Sparrow results and VT Nutrient Criteria Dataset for phosphorus in lakes and streams.

· In New Hampshire - study by conservation organizations to identify "pristine" watersheds with higher priority for protection. 
· SPARROW input data is being used to help identify relations between observed mercury concentrations in water and sediment throughout New England.
· Studies by Atlantic Ecology Division of the U.S. EPA Office of Research and Development 

· Linking SPARROW results to EPA's Coastal Waters Assessment for the New England region.  Note:  This interest easily extends to the entire MRB1 coast.  
· proposed work (EPA ORD) to combine regional information from SPARROW models with EPAs probability surveys

· New England SPARROW model is being used by Rich Alexander to assess contributions from headwater reaches on flows and nutrient loads in the major rivers (of importance to on-going discussions of Federal Clean Water Act)

References:
Alexander, R.B., Smith, R.A., and Schwarz, G.E., 2000, Effect of stream channel size on the delivery of nitrogen to the Gulf of Mexico: Nature, 403, p. 758-761. 

Alexander, R.B., Elliott, A.H., Shankar, Ude, and McBride, G.B., 2002, Estimating the sources and transport of nutrients in the Waikato River Basin, New Zealand: Water Resources Research, v. 38, no. 12, p. 1268-1290.
McMahon, Gerard, Alexander, R.A., Qian, Song, 2003, Support of TMDL Programs using spatially referenced regression models: Journal of Water Resources Planning and Management, v. 129, p. 315-329.

Moore, R.B., Johnston, C.M., Robinson, K.W., and Deacon, J.R., 2004, Estimation of total nitrogen and phosphorus in New England streams using spatially referenced regression models: U.S. Geological Survey Scientific Investigations Report 2004-5012, 42 p. [REPORT AVAILABLE ON-LINE at http://pubs.water.usgs.gov/sir2004-5012]. 

Preston, S.D., and Brakebill, J.W., 1999, Application of spatially referenced regression modeling for the evaluation of total nitrogen loading in the Chesapeake Bay watershed: U.S. Geological Survey Water-Resources Investigations Report 99-4054, 12 p.
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Draft Budget:   These estimates cover the base MRB1 proposal.  
	
	
	
	 
	Overhead rates
	 
	FY 07
	FY 081

	Cost category
	Cost Center
	Grade
	Distrib.
	Cost Center
	Hourly rate (FY07)
	FTE
	Gross Costs
	FTE
	Gross Costs

	Personnel
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Rich Moore
	NH
	12/13
	0.28
	0.25
	$56.94 
	0.44
	$88,300  
	0.63
	$128,400  

	 
	Craig Johnston
	NH
	11
	0.28
	0.25
	$37.56 
	0.36
	$47,300  
	0.35 
	$46,500  

	 
	Elaine Trench 
	CT
	12
	0.28
	0.25
	$55.51 
	0.20
	$38,400  
	
	

	 
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	 
	Total
	 
	 
	 
	 
	 
	 
	$174,000  
	 
	$174,900  

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Travel
	 
	 
	 
	 
	 
	No. trips
	Gross Costs
	No. trips
	Gross Costs

	 
	 
	 
	 
	 
	 
	 
	2
	$4,000 
	3
	$5,100

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Grand Total
	 
	 
	 
	 
	 
	 
	$180,000  
	 
	$180,000


1Annual inflation rate of 3 % assumed for FY 08 gross cost estimates, and 6% for FY 09.
	
	
	
	 
	Overhead rates
	 
	FY 091

	Cost category
	Cost Center
	Grade
	Distrib.
	Cost Center
	Hourly rate (FY07)
	FTE
	Gross Costs

	Personnel
	 
	 
	 
	 
	 
	 
	 

	 
	Rich Moore
	NH
	12/13
	0.28
	0.25
	$56.94 
	0.49
	$100,600  

	 
	Craig Johnston
	NH
	11
	0.28
	0.25
	$37.56 
	0.42
	$57,200  

	
	
	
	
	
	
	
	
	

	 
	Total
	 
	 
	 
	 
	 
	 
	$157,800  

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Travel &
Printing
	 
	 
	 
	 
	 
	No. trips
	Gross Costs

	 
	Travel
Printing
	 
	 
	 
	 
	 
	3
	$5,200
$7,000 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Grand Total
	 
	 
	 
	 
	 
	 
	$170,000  
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