
An Improved Understanding of Nitrogen and 
Phosphorus Delivery Throughout the 
Mississippi/Atchafalaya River Basin:  

Results from Refined Regional SPARROW 
Models

Hypoxia Task Force Coordinating Committee
April 10, 2014
*dzrobert@usgs.gov
(608) 821-3867

By
Dale M. Robertson1, 

David A. Saad1, Gregory E. Schwarz2, and Richard A. Alexander2

U.S. Geological Survey,
1Wisconsin Water Science Center; 2National Center, Reston

mailto:*dzrobert@usgs.gov


Goals of the recent SPARROW Modeling in 
the Mississippi/Achafalaya River Basin 
(MARB):
1. Refine the P and N loading to the Gulf of Mexico from 
the entire MARB (large spatial area).
2. Refine the description of where are the main 
contributing basins
(Rank contributing basins based on loads and yields).
3. Refine the description of what are the main causes of 
the high loads (Describe the relative importance of 
nutrient sources).
4. Provide information to various Federal, State and 
Regional organizations to support regional 
interpretation and guide local, more indepth studies. 



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

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



 

Separates land and in-stream 
processes



 

Mass Balance Model with 
spatially variable deliveries. 
Hybrid statistical/ 
mechanistic process 
structure. Data-driven, 
nonlinear estimation of 
parameters
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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

Land Use

Steam Network

http://water.usgs.gov/nawqa/sparrow
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1992 National SPARROW Models were based on approximately 450 sites



FertilizerFertilizer

Example: 1992 Farm Fertilizer Example: 1992 Farm Fertilizer 
TN inputs, kgTN inputs, kg 
countycountycatchmentcatchment

Source Information: Total NitrogenSource Information: Total Nitrogen

But in application used estimated But in application used estimated 
2002 Inputs 2002 Inputs 



Predictions from a National SPARROW Model for 1992 and 2002

With a National SPARROW model available to predict loads from streams 
throughout the entire country, why would you want any other SPARROW 
models?

Spatially describe loading 
throughout the MARB
Rank States and HUC8s
Describe nutrient sources



National Model Biases

Too high

Too low

Calibrated based on 1992 Inputs



Basins in the 
Stream Network

Monitored Basins 
in National Models 
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Not really sure how well the model estimates for areas that are 
smaller than the sites used for calibration

Distribution of Basin Areas in the Model and in the Calibration Data Set



Regional Models part of the NAWQA Program

2002 SPARROW Models

MRB SPARROW
Lead Scientists
Coordinator – Steve Preston

Robertson & Saad, WI

All Published in 2011 in JAWRA



Mississippi/Atchafalaya River Basin (MARB) SPARROW Models

Robertson & Saad, WI



MARB 2002 SPARROW Nutrient Load SitesMARB 2002 SPARROW Nutrient Load Sites

1,304 unique stations1,304 unique stations
52 unique agencies52 unique agencies

Saad et al., 2011
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Monitored 
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Have more up-to-date information, and a much better idea of how models 
estimate conditions in smaller streams, but still not the smallest basins

Distribution of Basin Areas in the Model and in the Calibration Data Sets

Monitored 
Basins in 
Regional Models



SPARROW Sources and 
Transport Attributes for the 2002 SPARROW Models

NUTRIENT SOURCES (2002)
• Actual Point Sources -WWTPs
• Atmos. N deposition – (CMAQ)
• Farm fertilizer use allocated to 

major crops:
– County fertilizer sales and 

expenditures; crop acreage
– NLCD agricultural land use
– State appl. rates (rotational, 

corn, soybeans, cotton, 
wheat, other crops)

• N2 fixation – cultivated lands
• Animal manure:

– Confined/Unconfined Animals
– Confined > to crops & lost

• Natural and residual sources 
(lands in forest, barren, shrub)

AQUATIC ATTENUATION
• Streams

– First-order decay ~ f(water 
travel time, flow and depth)

• Reservoirs
– First-order decay ~ f(areal 

hydraulic load—ratio of outflow 
to surface area)

LAND-TO-WATER DELIVERY
• Climate (precipitation, 

temperature)
• Soils (permeability)
• Topography/subsurface (slope, 

specific catchment area)
• Artificial drainage (tiles, ditches, 

new ARSC coverage)



MARB SPARROW Model CalibrationMARB SPARROW Model Calibration
One Source: 2002 Point (WWTP) TN inputs, kgOne Source: 2002 Point (WWTP) TN inputs, kg One LandOne Land--toto--Water Delivery: Tile DrainsWater Delivery: Tile Drains

LongLong--term term detrendeddetrended Loads for 856 sites Loads for 856 sites 

Calibration

24,475 Catchments 24,475 Catchments 
based on RF1 River based on RF1 River 
NetworkNetwork

9,182 9,182 WWTPsWWTPs



Parameter
Sources Estimate St. Error p value

Point Sources (WWTP) 0.762 0.146 0.0000
Urban & Open Areas 833 224 0.0001
Farm Fertilizers 0.132 0.021 0.0000
Confined Animal Manure 0.164 0.035 0.0000
Fixation & Assoc. Crop Inputs 0.054 0.033 0.0501
Atmos. Dep (CMAQ) 0.199 0.026 0.0000

Land‐To‐Water Delivery
Drainage Density 0.182 0.063 0.0041
Irrigation (%) ‐1.838 0.422 0.0000
Tile Drains (%) 1.361 0.167 0.0000
Precipitation 0.001 0.000 0.0000
Air Temperature ‐0.057 0.011 0.0000
Soil Organic Matter Content 0.035 0.016 0.0260

Stream & Reservoir Losses
Stream Decay ‐ Continuous 0.049 0.006 0.0000
Reservoirs 10.782 2.081 0.0000

Number of Sites 856
RMSE 0.528
Adj R2 0.938
Yield R2 0.882 % Change
Unconditioned RMSE 0.575 ‐8.8%

Statistics of Model Fit

SPARROW Total Nitrogen Model for MARB



Nitrogen Phosphorus
Delivered Incremental Yields

TN Yields 
(kg/ha) to 
the Gulf

TP Yields 
(kg/ha) to 
the Gulf

Robertson and Saad, 2013



Total PhosphorusTotal Nitrogen
Sources of Nutrients to the Gulf of Mexico

Fertilizers
27%

Manure
22%

Sewage 
WWTP and 

Urban
29%

Instream/Soils/ 
Forests

22%

Fertilizers
41%

Fixation plus 
other legume 
Ag sources

9%

Atmosphere
26%

Sewage 
WWTP and 

Urban
14%

Manure
10%

Robertson and Saad, 2013



Nitrogen Sources Phosphorus Sources

Urban Sources

Agricultural Sources Agricultural Sources

Atmosphere Channel, Forest, Geologic

Sources of 
Nutrients 
Throughout 
the MARB

Percent of 
Source to Total 
Incremental 
Load

Urban SourcesRobertson and Saad, 2013



Nitrogen Sources Phosphorus Sources
Agricultural 
Sources 
Throughout 
the MARB

Fertilizers Fertilizers

Manure Manure

Fixation plus other legume Ag Geologic

Percent of 
Source to Total 
Incremental 
Load

Robertson and Saad, 2013



How does this compare with earlier SPARROW studies??

Conclusions from the 1992 National 
SPARROW model applied to the 
Miss. River Basin with inputs for 2002

Alexander and others, 2008



Ranking based on Delivered 
Incremental Nitrogen Yields

Delivered TN 
Incremental Yields 
(kg/ha) to the Gulf
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Robertson et al., 2014



Phosphorus

TP Yields (kg/ha) 
to the Gulf

Robertson and Saad, 2013

Ranking based on Delivered 
Incremental Phosphorus Yields



Ranking of State Contributions to the Gulf of Mexico from 
the MARB
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TN Yields (kg/km2) 
to the Gulf

Delivered Incremental Nitrogen Yields – Model Comparison

Original Model
(National 1992 model with 

2002 input estimates)

New Model
(MARB 2002 model 
with 2002 estimates) 



Comparison of Top 150 Ranked HUC8’s

TOTAL 
NITROGEN,
DELIVERED 
INCREMENTAL 
YIELDS, RANK

Original Model
(National 1992 model with 

2002 input estimates)

New (refined) Model
(MARB 2002 model 
with 2002 estimates) 



Rank Comparison - N
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Why are 
there these 
differences?

Robertson et al., 2014

Ave. Absolute 
Change in 
Rank – 41 
Places 

Ave. Absolute 
Change in 
Rank – 69 
Places 

Comparison 
of Model 
Results

By
HUC8



2002 Point (WWTP) TN inputs2002 Point (WWTP) TN inputs

9,182 9,182 WWTPsWWTPs

Original Models had point sources estimated from population in the basin.



Differences in Overall decay (land-to-water losses AND instream decay) 
demonstrated for Agricultural Inputs

Difference in  SPARROW N Models

Difference in Delivery Fractions



Differences in Instream decay

Robertson et al., 2014

Refined MARB model has less instream losses (more delivery) especially 
from head water areas.  Old model suggested concentrating BMPs near 
large rivers; Refined model suggests BMPs should be applied throughout.

RefinedOriginal



But which Models provide more accurate results?



Phosphorus Model Comparison

Number of 
error‐

evaluation 
sites

Median 
absolute 
MARB 
error

Median 
absolute 
National 
error

Percent 
reduction 
in error

P Value for 
difference 
absolute 
errors

All 2002 estimation sites 882 0.59 0.81 26.7% <0.001

Common 2002 estimation sites 94 0.53 0.57 7.0% 0.39

Smallest 200 2002 estimation sites 200 0.76 1.15 34.1% <0.001

All 50 sites not used in NU50 model 
development 50 0.57 0.92 38.5% <0.001

20 smallest non‐used sites 20 0.93 1.27 26.4% 0.003

2002 MARB model vs 2002 National model 1

1Comparison of the 2002 MARB model and 1992 National model with 2002 inputs, examining sites 
used to develop the 2002 MARB SPARROW model.
2Comparison of the 2002 NU50 MARB model (model developed with omitting 50 sites) with the 
1992 National model with 2002 inputs, examining  50 sites not included in developing either model.

2002 NU50 MARB  model vs. 2002 National model 2

Which of the Models is Better?



Nitrogen Phosphorus
Delivered Incremental Yields from the 2002 SPARROW Models

TN Yields 
(kg/ha) to 
the Gulf

TP Yields 
(kg/ha) to 
the Gulf

Robertson and Saad, 2013

The revised 2002 MARB SPARROW models better predict 
the variability in loads throughout the Basin, especially loads 
in smaller basins.



Methods to demonstrate results and 
help guide decisions > Nutrient 

Reduction Strategies
1. SPARROW Mapper –

Easy and simple way to get SPARROW 
results, especially by hydrologic and
political boundaries.

http://wim.usgs.gov/SparrowMRB3/SparrowMRB3Mapper.html#

http://wim.usgs.gov/SparrowMARB/SparrowMARBMapper.html#

http://wim.usgs.gov/SparrowGL/SparrowGLMapper.html#

http://wim.usgs.gov/SparrowMRB3/SparrowMRB3Mapper.html
http://wim.usgs.gov/sparrowMARB/sparrowMARBmapper.html
http://wim.usgs.gov/SparrowMARB/SparrowMARBMapper.html
http://wim.usgs.gov/sparrowGL/sparrowGlmapper.html
http://wim.usgs.gov/SparrowGL/SparrowGLMapper.html


Mississippi/Atchafalaya River Basin (MARB) 
SPARROW MAPPER

TN or TP

Load
Yield
Delivered Load
Delivered Yield



MARB SPARROW MAPPER



MARB SPARROW MAPPER



MARB SPARROW MAPPER





Methods to demonstrate results and 
help guide decisions

2. Decision Support System Scientists/Managers – 
Capable of using to visualize SPARROW 
output and run various scenarios.

Booth et al., 2011

http://cida.usgs.gov/sparrow/

http://cida.usgs.gov/sparrow/
http://cida.usgs.gov/sparrow/




SPARROW Decision Support System



Downstream Tracking



Scenario TestingScenario Testing

SPARROW Decision Support System



Scenario Results Scenario Results -- Percent Changes in Incremental YieldsPercent Changes in Incremental Yields

SPARROW Decision Support System



Scenario Results Scenario Results –– Graphical Presentation of ChangesGraphical Presentation of Changes

SPARROW Decision Support System





Obtaining SPARROW Information
Google: USGS Wisconsin



Obtaining SPARROW Information
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