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* What is SPARROW and how
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* Sources, fate, and transport
of nitrogen, phosphorus, and
suspended-sediment to
northeastern coastal waters.

* Future plans and
opportunities.
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The SPARROW model

* SPAtially-Referenced Regression On
Watershed attributes

* Developed in the 1990s by USGS (Smith
et al., 1997)

* Regression (NLLS) approach to
extrapolate estimated mean-annual flux

(load) at monitored streams to e oo a7
Unmonito red Streams On the baSiS Of [high.—'\raluein |)c-r|_mc|sparac.;ei
0-152 (1.4}
watershed attributes 2120
2!??-3?]!_3 |:3:Eni
* Includes mass-balance and flow-routing e
683-887 (7.9)
I ss7-1,186 (11)
* Steady-state model of mean-annual — R

I GREATER THAN 1,710

conditions*

Preliminary: Subject to revision.




= USGS

science for a changing world

The SPARROW model

* INPUTS: Stream network LT ) e

lTn_yield.iytot

( h yd ro g ra p h y) “ //' .//C j | 0.239325 - 500.000000

500.000001 - 1000.000000

. . A ; e "/ : 1000.000001 - 1500.00000(
PrOV|deS Spatla| rEference 2 . 1500.000001 - 2000.00000(
. ’ "\._ . e 2000.000001 - 2410561.322
Supports flow routing and mass \ .
balance ‘

Defines the scale/resolution

Scale Catchments | Mean Size
(km?)

1:500,000

1:100,000

Preliminary: Subject to revision.
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The S PARROW m0d6| Preliminary: Subject to revision.

* Regression approach
Dependent variable: mean annual flux of contaminant in a stream

Explanatory variables: watershed or stream attributes
representing:

In-stream transport

Schwarz et al., 2006

E =| > Flloa(z:.25:0,.0,)+| > 5, a,D,(22:0,) |4 (2. 2":6..6,).

ks
S |

L =1

Flux, = Fluxdelivered from upstream  +  Flux generated in local catchment
| = stream reach D = overland delivery function (DVF,)
j = upstream reach(es) A = fluvial delivery function

n=sources a, 0 = estimated coefficients
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The S PARROW mOdel Preliminary: Subject to revision.

¢ M O d e | O Ut p Ut ESTIMATED ANNUAL
YIELD OF TOTAL NITROGEN,
Estimated coefficients for each il
explanatory variable i
Predictions (with uncertainty) of the fate i
of contaminants from each source in each F=EEE
I’eaCh B 1.156-1,710(15)

I GREATER THAN 1,710

Delivered to stream channels

Chesapeake Bay

Delivered to receiving waters watershed— i

Losses during transport over land and
through streams and reservoirs

Predicted flux (or yield) from each source
in each network reach:

Total
Locally-derived

Delivered to receiving waters
Atoretal., 2011
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N It rog e N I n RMSE=0.2892, R2=0.9784, yieldR?=0.8580
C h esd p edqa ke B a y Nitrogen Model Estimate | p

Point sources (kg/yr) 0.774 0.0008
] o Urban land (ha) 10.9 <0.0001
* Model-estimated coefficients: - —
: Fertilizer or fixation (kg/yr) 0.237 <0.0001
: Quantify mean ) .

proportion of source inputs or [ RARRRRERAY R ek

yieId reaching local Wet atmospheric (kg/yr) 0.267  <0.0001
watershed streams . LandtoWaterTransport Coefficients

: Ln(mean EVI) -1.70 0.0039

|dentify and quantify Ln(mean soil AWC) -0.829  0.0016

landscape properties that Ln(GW recharge (mm)) 0.707  <0.0001

mitigate or exacerbate Ln (% Piedmont carb)

0.158 0.0018
transport of contaminants

Fluvial Transport Coefficients

from uplands to local streams
: _ Small streams (<122 cfs) 0.339 0.0118
* Fluvial Transport: Quantify
. . Lg Streams, T >18.5C 0.153 0.0030
losses in flowing or
impounded stream reaches. LG SLIEENE, [ 150 ¢ 0-013 0-431

IT0Z "D 13 IO}y

Impoundments 5.93 0.0424

Preliminary: Subject to revision.
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Nltrogen Flux andYield

b) Delivered

Estimated annual ‘
yield of total
nitrogen, in kg/km2
(high value in Ib/ac)

0-152 (1.4)
152 -221(2.0)
221 - 297 (2.6)
297 - 398(3.6)
- 398 - 526(4.7)
I 526 - 683 (6.1)
] 683 - 887 (7.9)
887 - 1186(11)
1186 - 1710(15)

]
B 1710

TT0Z "D 12 IO}y

Preliminary: Subject to revision.
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Nitrogen Sources

. a) Local yield attributable to b) Share of total local yield
Atmos p h eric atmospheric deposition attributable to atmospheric deposition
deposition is a Fa

. Yield il i e Percent " "
source of nitrogen (kg/km2/yr) B 0-1

to each watershed
catchment, and
provides the
majority of
relatively low
nitrogen flux in . |
many areas. a

B 1111 -2391

2 ,}? /\/ ‘{\..\‘-‘L/’\L‘\ /-'\v/

Preliminary: Subject to revision. Ator et al., 2011



= USGS

science for a changing world

Phosphorus Sources

EXPLANATION
ESTIMATED PORTION OF TOTAL

PHOSPHORUS FLUX
Natural mineral erosion is ATTRIBUTABLE T SUICICLASTIC
. (percent)
the dominant source of 0

1-15

phosphorus in some areas. =
34-42

B 2353

B 54-66

B 5783

Il 84-98

Il 99-100

Ontario (Dillon
and Kirchner,

Crystalline 6.75
Siliciclastic 8.52

BASE FROM U.S. GEOLOGICAL SURVEY 1:2,000,000 100 MILES
STATE BOUNDARY DIGITAL LINE GRAPH, ALBERS

EQUAL AREA PROJECTION, NAD 1983 100 KILOMETERS

Preliminary: Subject to revision.

I10Z "D 13 J03Y
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Nitrogen in New England

L%
-

EXPLANATION
EXPLANATION

-

X ;r-—..-_...q_
~

Total nitrogen yield, in kilograms

per square kilometer per year Primary sources of nitrogen

Less than 200
Atmos pheric

200 to 300

]
(I
I 301t0400
[
[ |

Developed land

Agricultural land
401 to 1,000

Point source
Greater than 1,000

100 MILES
g0 MILES | |

Y00z "Jp 12 2100\

T
100 KILOME TERS
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Nitrogen Sources

CHESAPEAKE BAY

1. Susquehanna River

SOURCES

2. Potomac River B Point sources

3. James River [ Urban sources
B Fertilizer and fixation
[ ] Manure

I Atmospheric deposition

Numbers indicate percent of total

6. Pamunkey River

1. Mattaponi River {omitted where <1)

8. Patuxent River

9. Choptank River

Percent of total nitrogen flux

Agriculture is the dominant source of nitrogen to the bay and most
tributaries.

Point sources are relatively minor contributors in most areas.

Preliminary: Subject to revision.

IT0Z "D 13 IOy



= USGS

science for a changing world

N |t 'O g en B U d g etS Preliminary: Subject to revision.

CHESAPEAKE BAY

Remainder, East of Chesapeake Bay
Choptank River near Greensboro, MD ©)
Potomac River at Washington, DC @
Rappahannock River near Federalsburg, VA @
Susquehanna River at Conowingo, MD (D
Appamattox River near Matoaca, VA &
Pamunkey River near Hanover, VA ®
Patuxent River near Bowie, MD
Remainder, West of Chesapeake Bay
James River at Cartersville, VA ®@
Mattaponi River near Beulahville, VA @

40 20 0 20 40

MEAN ANNUAL WATERSHED INPUTS OR
OUTPUTS, IN KILOGRAM PER HECTARE

. NITROGEN INPUTS NITROGEN OUTPUTS
Catchment nitrogen UPLANDS UPLANDS

T - Manure [ Harvest and Removal of Agricultural or Forest Products
b U d g ets’ summarize d I Fertilizer or Direct [ ] Net Increase in Storage in Soils or Biomass
over Wate I'S h e d S Of m aJ or I E;(ﬁggghbeyﬁgrops [ Volatilization to the Atmosphere
t I’I b Uta I’I es (U p | an d - Upland Denitrification
] STREAMS
| osses e Xt ra p @) | at e d fI’O m - Loss or Storage in Flowing Streams or Impoundments

VanBreemen et al., 2002) Bl Deivery to Tidal Waters
Ator and Garcia, 2016
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Future Plans

* InFY17and FY18, we
will be developing new
regional SPARROW
models representative
of 2012 conditions for:

Nitrogen
Phosphorus
Suspended sediment S W e Recions
» National models will > o
follow. :

* Models can be
customized for

particular
applications. Preliminary: Subject to revision.
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Collaborative Opportunities

SPARROW models could be
used to estimate future
nutrient fluxes to coastal
estuaries due to:

expected population growth
and related changes in:

Point sources

Atmospheric deposition

Septic systems

Other urban sources

Land use

other expected changes, such
as mean temperature or
precipitation

EXPECTED CHANGE IN POPULATION
DENSITY, 2012 - 2030 (per square mij

I 1417 - -6.000
B -5.999 - 2.000
I -1.999 --1.000
777 -0.9990 - 0.000

[ ] 0.00010000 - 2.000
[ |2001-10.00
[ 10.01-15.00
[ 15.01-50.00
I s0.01- 1000

Preliminary: Subject to revision.
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Summary and Next Steps...

New regional SPARROW models at relatively fine
resolution for nitrogen, phosphorus, and suspended
sediment will be developed over the next 12 months.

SPARROW models estimate fine-scale total and source-
specific fluxes and yields generated within each catchment
and delivered to coastal receiving waters that can be useful

for a variety of applications.

SPARROW models can be customized during calibration to
be more or less useful for different applications.

Inclusion of explanatory variables

Model specification

Preliminary: Subject to revision.
Contact: , 443.498.5564
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