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PARROW modeling uses
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What is SPARROW?

Acronym for: SPAtially-Referenced
Regression On Watershed attributes

 Help understand factors affecting water quality
e Examine statistics of sources and transport

e Provide a means to estimate loads In
unmonitored locations
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What is SPARROW?

SPARROW Models Can be Built to |
Various Scales, National to Watershec

tituents successfully modeled: Nitro
norus, Suspended Sedimen
B Cartbor




USGS SPARROW Modeling

TN Flux (metric tons/yr)
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100 to 250
250 to 1,000

/\/ > 1,000

National Water Quality Assessment Program




SPARROW Modeling Uses

e Predict mean-annual flux and yield (total, SPARROW Predictions of
incremental, delivered), and concentration for Stream Nitrogen Flux
unmonitored stream reaches and watersheds
(and uncertainties)

e Assess effects of hydrological and
biogeochemical processes on transport and fate
in watersheds

250 to 1,000

/\/ > 1,000

e Apportion stream loads to major nutrient
sources and upstream watersheds

Share of Stream Nitrogen Flux
from Atmospheric Deposition

e Simulate water-quality response to climate and
land-use change (historical, future)

e Inform policy and management decisions (point
and diffuse sources in TMDLs; targeting of “hot
spots”, USDA; nutrient criteria development,
EPA)
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SPARROW: A Spatially-Explicit
Mass-Balance Watershed Model

Quantifies nutrient sources and sinks for annual time periods

Impervious area
WET & DRY Developed land area
DEPOSITION Septic systems

URBAN _—— Human population
~ WASTEWATER

EPA permit data

Commercial fertilize
Manure fertilizer
Biological N fixation
Crop type

Crop harvesting

Livestock population,
nutrient content
of wastes for confined
and unconfined
operations




SPARROW: A Spatially-Explicit
Mass-Balance Watershed Model

Quantifies nutrient sources and sinks for annual time periods

impervious area
WET & DRY Developed land area
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Crop harvesting
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Slope
Surface/subsurface flow
Geology
Hydrologic landscape or
physiographic region
Drainage density
Wetlands

% USGS Artificial drainage
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SPARROW: A Spatially-Explicit
Mass-Balance Watershed Model

Quantifies nutrient sources and sinks for annual time periods
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SPARROW Model Mathematical Form

£y = [’,Z Ff‘rl'*:'1 (27.E{:05.00)+ | ) SnsanDn (27:60)

A (2. B¢ 5'5.-9&}}&1

r

Flux from Flux sources Land-to-water Aquatic Error
upstream introduced to delivery transport
reaches the stream
network

*The optimal set of rate coefficients are estimated, balancing the pollutant
mass of the source inputs, stream loads, and storage loss on land and in water.

*All parameters are simultaneously determined to best fit the data.
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SPARROW Data Requirements

Stream Geographic Data Layers

2amflow Monitoring ﬁ

nitoring data collected '

base year
minant source data

® 3toé
® Gto20
® =20

Model Predictions
62,000 Stream Reaches

n!ﬁ" {5
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SPARROW Predictions of Nitrogen Load in Streams

National Reach Network (~3,200 reaches in Upper Miss.)
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Watershed Total Nitrogen (TN) Sources
Monongahela River above Cheat River Confluence (below
Morgantown, WV)

Drainage area (km2): 7,093
Population (1990): 271,680
TN yield (kg/km2/yr): 817

Flow-weighted mean annual conc. (mg/L): 1.4
Delivered TN fraction to Gulf of Mexico: 79%

SOURCE SHARES OF RIVER TN

Wetlands (0.2%} \water (0.8%)
Barren (1.3%) Urban (1.6%)

Cultivation
{12%)

Cultivation
(18%)

Urban (13%)

Atmospheric Deposition (54%)



MRBS; (California ,Oregon, and Nevada)
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MRBS8 Catchments

There are
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d3 Add catchment map with zoom in with scale
dsaleh, 5/11/2011



Example SPARROW Data Layers

mospheric Deposition Natural Recharge




Example SPARROW Data Layers

‘ogen from Manure Fertilizer Application




Example SPARROW Data Layers

Average Air Temperature




Distribution of Water Quality Sites

A MRBES NAWQA (44)
¢ MRBS8 National Study (6,514)
DWR (48)
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Sites Used For SPARROW Model

1. Site must have at least 2 years
of data spanning the 2002 base

year. :
. Sites must have 15 observati
or more throughout these 2
years.
3. Continuous flow data




Water Quality Data Sources

e NAWOQA data set

. Kratzer, C.R., Kent, R.H., Saleh, D.K., Knifong, D.L., Dileanis, P.D., and Orlando, J.L., 2011, Trends
in nutrient concentrations, loads, and yields in streams in the Sacramento, San Joaquin, and Santa

Ana Basins, California, 1975-2004: U.S. Geological Survey Scientific Investigations Report 2010-
5228, 112 p.

http://pubs.usgs.qov/sir/2010/5228/
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Trends in Nutrient Concentrations, Loads, and Yields in Streams in the Sacramento, San Joaquin, and Santa Ana
Basins, California, 1975-2004

By Charles R. Kratzer, Robert H. Kent, Dina K. Saleh, Donna L. Knifong, Peter D. Dileanis, and James L. Orlando

m ABSTRACT First posted Harch 28, 2011

A comprenensive database was assembied for the Sacramento, San Joaguin, 3nd Santa Ana Basins in Cakfomia on nutnent concentratons,
flows, and point and nonpoint sources of nutnents for 1975-2004. Most of the data on nutnent concentrabions (nitrate, ammaonia, total = Repord FDE (15.5 MB)
nitrogen, orthophosphate, and total phospharus] were from the U.5. Geolagical Survey’s National Water Infermation System datab

(35.2 percent), the Calformia Department of Water Resources (219 percent), the University of Calfomia at Davis (21.6 percent), and the
U.5. Enwironmental Protecton Agency’s STOrage and RETneval database (20.0 percent).
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Pomt-source deacharges accounted for kess than 1 percent of siver lows in the Sacramento and San Joaquin Rivers, but accounted for dese
to B0 percent of the nonstonm Aow in the Santa Ana River. Point scurces accounted for 4 and 7 percent of the total nitrogen and total For additional information contact:
phosphorus loads, respectively, i the Sacramento River at Freeport for 1985-2004. Pont sources accounted for 8 and 17 parcent of the m mmma Water Sciende Center
total nitrogen and total phosphoms loads, respectively, in the San Joaquin River near Vemaks for 1985-2004. The volume of wastewater urvey
discharged inte the Santa Ana River increased almest three-fold over the study peried. However, due to improvements in wastewater “’“” 2= "ﬁ‘“ e
trestmant, the totsl nitragen load to the Santa Ana River from point sources in 2004 was spprosmately the sama as in 1975 and the total | S3craments, Caifornia 95819
phosphorus load in 2008 was less than n 1975, Nonpont sources of nuttients estimated in this study inchded atrmosphene depositian, hitpsica water usas.gov!
fertiizer appica:un manure Dmumrl‘bde"d&!*b:m"nm Thrli*ﬁli'nill'l:d dry dl:Dusm\;‘n of nllro;]q;n l:an:cdu: wet chDS;I::m in the R
Sacraments and San Joagqun Valeys and in the basin area of the Santa Ana Basin, with raties o 1o wet stion of 1.7, 2.8, and 9.8,

e e o o oottt s o Lt MLt A At Ao 3o e
ncreased in the San Joeaquin Basin but decreased in the Sacramento and S5anta Ana Basins frem 1982 to 2002. Tie drainage accounted for roquired Eo wiew it

. 22 percent of the total nitragen load in the San loaquin River near Vemals for 19685-2004, free of charge.

HNutrient loads and trends were calculated by usng the lag-inear multiple-regression moded, LOADEST. Loads were calculated for water years 1975-2004 for 22 sites in the
Sacramenta Bagin, 15 sites in the San Joaguin Basin, and 6 sites in the Santa Ana Basin. The average annual load of total ntrogen and total phosphornss for 1985-2004 in subbaging
in the Sal:ﬁnu'nm and San Joaguin Basins were dmdcd by their drainage areas to cabulate average annual yield. Total nétrogen yields were greater than 2.45 wons per square mile per
wear [{tons/mi}fyr] in about 61 percent of the valley floor in the San Jeaguin Basin compared with only about 12 percent of the valey floor in the Sacramento Basin. Total
phesphons yiekds were greater than 0.34 (Rons/mil)fyr in about 43 percent of the valiey floorin the San Joaguin Basin compared with only about 5 percentin the valley floor of the
Sacramento Basin, In 3 stepwise multipla knear-reg analyss of 30 subb in the Sacramento and San Joaquin Basns, the most important explanatory vanablas (out of 11
variables) for the response variable (total nitrogen yeld) were the percentage of land use in (1) orchards and vineyards, (2) row crops, and (3) urban categories. For total
phosphors yield, the most important explanatory varable was the amount of fertlizer application pluis manure production.

Trends were evaluated for three time periods: 1975-2004, 1585-2004, and 1993-2004. Most trends in flow-adjusted concentrations of nutrients in the Sacramento Basin were
downward for all three trme pericds. The decreasing nutrient trends in the Amencan Rever 3t Sacrameanto and the Sacramento Bver at Freepart for 1975-2004 were to the




Water Quality Loads for Calibration

Fluxmaster (Schwarz and others, 2006): is a
* log-linear multiple regression model.

|t provides a detrended load by removing
the effects of time and random variations
In hydrologic conditions.

e Calculates loads on different time steps.

e reports predictions only for those days that
are contained in years specified.

science for a changing worid




Ln Predicted Concentration {mg/L})
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Fluxmaster output

Predicted versus Observed TN Concentrations

for the Sacramento R nr Freeport

(Parameter 00800 at Station 1504074 1)

-3

-2

Brplaration:

Fredicted Equals Observed

-1

Ln Actua Concentration {ng/lL)

® & % Non=censored Concentration

9 & 9 Cutier




Fluxmaster output

Detrended Actual and Predicted TN Flux

(Parameter 00800 at Station 1504074 1)
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Explanation:
Flux 90% Confidence Interval T Predicted Flux = Actud Flux Trend Due to Flow Total Trerd

FLUX: pericd for avg.: 0011970 — 09/30/2008 [35 predidion years], meathed: 2.2, 5E avg. 1 as pa. 4.30%, trend: —151% [sig];
WO N 370 [0 censored], RMSE: 0458, reference concentration: 058 mgl; FLOWE trend: 01T [net sigl, variation[WQ sarmplefflow recerd]: 088

Predicted values are adjusted for retrangfomation bias, making therm upward biased in log space.
The hafizontal reference line withaut a label comesponds to the legarthm of flux for the nommalization date 0532002



Predicted Total Nitrogen and Phosphorus
Loads for 2002

TN Loads TP Loads




Location of Point Source Sites
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DS2 add or sites
Dina Saleh, 12/10/2010



Point Source Loads 2002

Total Nitrogen (TN) Total Phosphorus (TP)
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SPARROW Work Flow

NHDplus

T

| Catchments

Environmental | Monitoring Data

Data e | ‘

~ Point Source
Input data file - Loads

Water Quality
Loads
Fluxmaster

Evaluating
Results
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SPARROW Predictions of Nitrogen Yield
Local Source Shares (Reach Incremental Drainage)

\tmospheric Deposition
and Forests

i

Urban Sources

Percent
Contribution
] otol0
[ 10to 20

] 20to 40
| 40to60
B s0to 80

%USGS Bl 30to 100
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SPARROW Predictions of Nitrogen Yield
Originating from Atmospheric Dep. and Forests

Incremental Yield Delivered Yield
(Delivered locally to Streams) (Delivered to Coastal Waters)

-t

- Yield
Sa(kg/km2/yr)
; || <200
Bl 200 to 275 Foaiidie 8-
Bl 275 to 350 LA
Bl 350to0 500 ¢ ‘
B > 500




SPARROW Predictions of Nitrogen Yield

Incremental Yield Total Yield
Delivered to Streams) (Delivered to Watershed O

130 to 350
1 350to 700
I 700 to 1,400
Bl > 1,400




Total Nitrogen Delivery to the
Gulf of Mexico for Selected Sources

Corn and Soybeans Urban Sources

) (kg/kmZ2/yr)

~ [ ] Nodelivery
[] <0.5
0.5to5
[ 5t050

Bl 50 to 500
B > 500




Hypothetical Future Change in Total Nitrogen Load in Streams

eam load response to 30% reduction in nitrogen inputs to fa

Reduction in Load (%)
L 10
] <10
7] 10to 20
Bl 20to 25
Bl 25to28




Current SPARROW Activities

Improved transparency and access to the model to inform
management decisions

SPARROW Web-based decision support tool

Export Data | | Map Layers E'L\




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

SPARROW Surface Water-Quality M
| NAWQA Home | Model Description | FactSheet | FAQs | Documentation | Software | Publications | Contacts | Training | Regional MRE Studies

SPARROW, a modeling tool for the regional interpretation of water-quality monitoring data. The model relates in-stream water-quality measurements to spatial
transport. SPARROW empirically estimates the origin and fate of contaminants in river networks and quantifies uncertainties in model predictions.

RECENT ACTIVITIES

Phosphorus yield delivered to local waters
MEW  SPARROW modeling of southeastern U.S. streams

HEW  Rankings of watershed nutrient yields in the Mississippi/Atchafalaya River Basin
SPARROW Fact Sheet

Studies of denitrification and nitrogen removal in streams

SPARROW Major River Basin (MRB) Studies

Phosphorus and nitrogen delivery to the Gulf of Mexico from the Mississippi River Basin

APPLICATIONS

The National Models

Phosphorus and nitrogen delivery to the Gulf of Mexico from the Mississippi River Basin
Moving from Monitoring to Prediction: The Quality of the Nation's Streams

Natural background concentrations of nutrients in U.S. streams

Atmospheric sources of nitrogen to major U.S. estuaries

Effect of stream channel size on nitrogen delivery to the Gulf of Mexico

Sources of nutrients in the Nation's streams (model predictions for HUC watersheds)
A national model of suspended sediment

Nutrients in the Northeastern United States
Regional total nitrogen and phosphorus models
Yield (kg km2 yr-1) The role of headwater streams in downstream water quality
=::pzs ’ MNew England SPARROW data viewer
25 to 50 New England Interstate Water Pollution Control Commission (NEIWPCC)
U.S. Environmental Protection Agency Region 1 Project

MNutrients in the Chesapeake Bay Watershed

i Application of the national models

SPARROW trdcksputnent delivery locally A regional nitrogen model

to the outlets of inland watersheds and Models for the late 1980s and the 1990s

regionally to coastal waters. Differences

n phospl’!orus yickd B e e < e Nutrients in the Southeast

Bt aE shown a_bove Ak c_aused by Nitrogen sources and loads in southeastern streams
local and regional differences in phos- A Bayesian_SPARROW nitrogen model

phorus removal in streams and reservoirs Support of TMDL programs in North Carolina using SPARROW
during transport [Read more about these e prog &

",‘-_/{ USGS Ak othet SEACIW restl=] Salinity in the Southwest
‘ Sources and sinks of dissolved solids
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Future of SPARROW application in CA

e Simulate effects of climate change (Higher Temp
longer growing season), change in precipitation,
and the effects from changes in river flow.

e Simulating other constituents: Organic Carbon,
Suspended Sediment, and other.

e Supporting local and regional TMDL development.

science for a changing worid




Questions?




