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Goals of Study:
1. Determine P (and N) loading to each Great Lake
(U.S. contributions).

2. Determine P loading from each tributary > 150 km2.

3. Rank the tributaries based on loads and yields.

4. Determine relative importance of nutrient sources.

5. Compare yields from Great Lakes tribs with those of 
nearby major river basins.



Approach - SPARROW Water-Quality Model –
SPAtially Referenced Regression on Watershed Attributes

http://water.usgs.gov/nawqa/sparrow

Hybrid statistical/ 
mechanistic process 
structure; mass-balance 
constraints; data-driven, 
nonlinear estimation of 
parameters

Separates land and in-stream 
processes

Predictions of mean-annual 
flux reflect long-term, net 
effects of nutrient supply 
and loss processes in 
watersheds

Once calibrated, the model 
has physically interpretable 
coefficients; model supports 
hypothesis testing and 
uncertainty estimation

Hybrid statistical/ 
mechanistic process 
structure; mass-balance 
constraints; data-driven, 
nonlinear estimation of 
parameters
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Regression Equation behind the SPARROW Model

Load at a 
specific site

Flux from 
Upstream SPARROW 
Watersheds

Flux from 
Within a SPARROW Watershed

TransportSources Transport/DecayLand-to-Water
Delivery

Calibration Coefficients

Calibration of National model was 
based on using 425 sites with 
coinciding loads and GIS 
information and the Upper 
Midwest Model based on 810 
sites.



810 Sites with mean annual P loads to calibrate the model
Normalized to 2002





Distribution in Incremental Phosphorus Yields

Total Phosphorus Yields
(kg km-2)

0 – 12
13 - 17
18 - 25
25 - 33
34 - 41
42 - 51
52 - 64
65 - 83
84 - 114
115 - 1000
1001 – 2,980

Total Phosphorus Yields
(kg km-2)

0 – 12
13 - 17
18 - 25
25 - 33
34 - 41
42 - 51
52 - 64
65 - 83
84 - 114
115 - 1000
1001 – 2,980

Distribution in Incremental Phosphorus Yields



Ln (Measured) – Ln (Predicted)
Predictability

Predictability of the P Model







Target Load (5,600)



What are the major sources to each of the Great Lakes? 



How do the 
yields to the 
Great Lakes 
Basins 
compare with 
each other and 
with those from 
other nearby 
large river 
basins?
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Prioritizing/Ranking Tributaries



Conclusions
1. P loadings to Superior, Erie, and Huron have dropped since the 
1980s. Michigan and Ontario are similar to the 1980s (but loading to 
Michigan is lower than in the 1970s).

2. Highest P loadings are from tribs with the largest basins, whereas 
highest yields are from areas with most intense agriculture and most 
point sources. >> Enables better prioritization of where rehabilitation 
efforts should be conducted.

3. Largest sources of P are from agricultural sources (~33-44%) and 
point sources (31-44%), except Superior where there is little of each. 
>> Enables better definition of what types of efforts are needed.

4. P yields to Lake Erie is similar to that from the Ohio and Upper Miss. 
Rivers. Yields to the other lakes is less than that from those rivers.
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