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Delavan Lake, Wisconsin

The Importance of Nutrient Loading to Lakes is Well Known

And is One of the Primary Reasons for Impairment Across the Country



Early results suggested this was driven by Nitrogen Loading from 

the basin, now maybe both Nitrogen and Phosphorus

Gulf Hypoxia



The project is intended to address water quality problems in the 

watershed associated with bacteria, phosphorus, total 

suspended solids, sedimentation / siltation, dissolved oxygen, 

chloride, aquatic algae, pH, alteration in streamside vegetative 

cover, manganese, and total dissolved solids identified on the 

State of Illinois §303(d) list.



Goals of SPARROW Modeling:

1. Determine N and P loading over large geographical 

areas.

2. Rank the contributing areas based on loads and 

yields (prioritizing efforts).

3. Determine relative importance of nutrient sources

(what type of efforts).
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- Regress water-quality conditions (long-term average detrended 

monitored loads) on upstream sources and factors controlling transport



Predictions from a National SPARROW Model



National Model Biases
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Upper Midwest SPARROW Model Calibration

One Source: 2002 Farm Fertilizer TP inputs, kg One Land-to-Water Delivery: Soil Permeability

River Network – RF1 Long-term detrended Loads for 810 sites 

Calibration



MRB3 - SPARROW TP Model

Parameter

Coefficient 

units

Standard 

error P value

Sources

Point Sources (total) fraction 1.068 0.142 0.0000

Manure (confined) fraction 0.086 0.011 0.0000

Manure (unconfined) fraction 0.032 0.010 0.0009

Fertilizers (farm) fraction 0.029 0.004 0.0000

Forest,Wetland,Scrub kg/km
2
/yr 14.700 0.017 0.0000

Urban, Open kg/km
2
/yr 52.300 0.144 0.0001

Land-to-Water Delivery

Soil Permeability (log) cm/hr -0.652 0.064 0.0000

Tiles (percentage of area) percent -1.164 0.190 0.0000

Stream and Reservoir Decay

Stream Decay (CMS<1.4) m/yr 0.198 0.072 0.0064

Stream Decay (1.4< CMS < 2.3) m/yr 0.298 0.100 0.0029

Reservoir Decay m/yr 4.837 1.118 0.0000

RMSE 0.493

Adj R2 0.927

Yld R2 0.729

N 810

Parameter 

values

Robertson and Saad, 2011



Phosphorus Loading throughout  the Upper Midwest from 

the TP SPARROW Model



Incremental Phosphorus Yields in the Upper Midwest 

from the TP SPARROW Model



Incremental Phosphorus Yields from throughout 

the Illinois River Basin



Incremental Phosphorus Yields from HUC8’s in the 

Illinois River Basin
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How do P Yields from the Illinois River Basin compare with 

others in the Upper Mississippi River Basin

Catchments HUC8s
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How do Incremental P Yields from the Illinois River Basin 

compare with others in the Upper Mississippi River Basin?

HUC8s



MRB3-SPARROW TN MODEL

Parameter

Coefficient 

units

Parameter 

values 

Standard 

error P value

Sources

Atmosphere (Total) fraction 0.513 0.040 0.000

Point Sources (Total) fraction 0.789 0.113 0.000

Manure (confined) fraction 0.291 0.055 0.000

Fertilizers (farm) fraction 0.131 0.038 0.000

Additional agricultural sources kg/km
2
/yr 62.506 2.967 0.018

Land-to-Water Delivery

Drainage Density (log) km/km
2

0.134 0.057 0.018

Precipitation mm/yr 0.002 0.000 0.000

Air Temperature C -0.041 0.020 0.035

Tiles (percentage of area) % 1.133 0.127 0.000

Clay (percentage of soil) % 0.014 0.004 0.001

Stream and Reservoir Decay

Stream Decay (CMS < 1.1) m/yr 0.424 0.100 0.000

Stream Decay (1.1 < CMS < 2.0) m/yr 0.233 0.096 0.016

Reservoir Decay m/yr 6.710 1.453 0.000

RMSE 0.405

Adj R
2

0.953

Yld R
2

0.851

N 708



Incremental Nitrogen Yields the 

Upper Midwest SPARROW Model



Catchments HUC8s

Nitrogen Yields from throughout the Illinois River Basin
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How do N Yields from the Illinois River Basin compare with 

others in the Upper Mississippi River Basin?

13



Total Nitrogen Yields Total Phosphorus Yields

Comparison of N and P Yields throughout the 

Illinois River Basin

HUC8s HUC8s



Demonstrating Results



SPARROW Decision Support System



SPARROW Decision Support System





SPARROW Decision Support System

Simulate Effects of Specific Scenarios

Effects of reducing 

Point Sources by 50%



SPARROW Mapper



SPARROW Mapper



Conclusions

1. Nutrient loadings and yields are quite variable 

throughout the Illinois River Basin, but very 

representative of the Upper Mississippi River Basin

2. Highest nutrient yields are from basins with 

most intense agriculture and most point sources.

3. Sources of nutrients varies greatly. High in the 

basin, it is from point sources. Low in the basin, it 

is from agricultural sources.

>> Enables better prioritization of where 

rehabilitation efforts should be conducted.

>> Enables better definition of what types 

of efforts are needed.
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