
An Improved Understanding of Nitrogen 

and Phosphorus Delivery :  Results from 

Refined Regional SPARROW Models 

By 

Joel M. Galloway 

 Dale M. Robertson1, David A. Saad1, Gregory E. Schwarz2, and 

Richard A. Alexander2 

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

 

U.S. Department of the Interior 

U.S. Geological Survey 



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


Watershed Modeling Continuum 

Cole et al. 1997 
SWAT Users Manual 



MO/MSSP SPARROW Model Calibration  
One Source: 2002 Point (WWTP) TN inputs, kg One Land-to-Water Delivery: Tile Drains 

Long-term detrended Loads for 856 sites  

Calibration 

24,475 Catchments 

based on RF1 River 

Network 

9,182 WWTPs 



Nitrogen Phosphorus 

Delivered Incremental Yields 

TN Yields 

(kg/ha) to 

the Gulf 

TP Yields 

(kg/ha) to 

the Gulf 

Robertson and Saad, 2013 
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Ranking of State Contributions to the Gulf of Mexico from the MARB 

Robertson et al., 2014 

ND is 23rd 



Ranking of State Contributions to the Gulf of Mexico from 

the MARB 

0

2000000

4000000

6000000

8000000

10000000

12000000

14000000

16000000

M
is
so

ur
i

Ill
in

oi
s

Io
w
a

Ten
nes

se
e

K
en

tu
ck

y

A
rk

an
sa

s

In
di
an

a

K
an

sa
s

O
hi
o

N
ebr

as
ka

M
is
si
ss

ip
pi

M
in
ne

so
ta

S
ou

th
 D

ak
ot

a

O
kl
ah

om
a

Lo
ui
si
an

a

W
is
co

nsi
n

W
est

 V
irg

in
ia

P
en

ns
yl
va

ni
a

A
la
ba

m
a

M
on

ta
na

Tex
as

C
olo

ra
do

V
irg

in
ia

N
orth

 C
ar

olin
a

N
orth

 D
ak

ot
a

W
yo

m
in
g

N
ew

 Y
ork

G
eo

rg
ia

M
ar

yl
an

d

N
ew

 M
exi

co

T
o

ta
l 

P
h

o
s

p
h

o
ru

s
 L

o
a

d
 t

o
 t

h
e

 G
u

lf
 o

f 
M

e
x

ic
o

, 
K

g
/Y

r

Forests

Deeply weathered loess

Instream Channels

Manure

Fertilizers (Farm)

Urban areas

WWTPs

Robertson et al., 2014 

ND is 25th 



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 

Upper Mississippi/ 

Ohio/Great Lakes/ 

Red/Rainy 

Missouri 



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 

Robertson and Saad, 2011 



Point Sources Urban Areas 

Manure Fertilizers 

Relative Importance of Various Phosphorus Sources – 

Spatially Explicit  

Percent of 

Source to 

Total 

Incremental 

Load 

Robertson and Saad, 2011 



Binational SPARROW Model for the Upper Midwest 

“Mid-Continental” SPARROW Model 

G. Benoy (IJC), W. Jenkinson (NRC-Canada),  

C. Johnston (USGS) 



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


MARB SPARROW MAPPER 







MRB3 SPARROW Mapper for Delivered P Yields – shown by Major Watershed 
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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/
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