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Section 7. SPARROW Model
Applications

Topics for Consideration

 Management applications

e Uncertainty analysis
 Web access to SPARROW applications
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SPARROW Prediction Statistics

(Mean & Percentiles)

Contaminant losses 1n streams and reservoirs

Loads/yields delivered to downstream sites (€.g.,
estuaries, reservoirs)

Contaminant sources and budgets
Concentration

Probability of exceeding environmentally relevant
load/concentration thresholds



SPARROW Predictions of Total Nitrogen Transport in
Rivers of the Conterminous United States

Transpert {metric tonsfyr)
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Yield (kg/km2/yr)
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SPARROW Prediction Statistics

(Mean & Percentiles)

* Loads/yields exported from watersheds

e Loads/yields delivered to downstream sites (e.g.,
estuaries, reservoirs)

» Contaminant sources and budgets
* Concentration

* Probability of exceeding environmentally relevant
load/concentration thresholds




In-Stream Nitrogen Loss Rate vs Channel Depth
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EXPLANATION
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Potential Delivery

Of Total Nitrogen (%)
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Nitrogen Retention Fraction

Reservoir Routing of Total N

Reservoirs of the
Waikato River Basin, New Zealand

* Empirically estimated transport

Areal Water Load (m yr-1)

function of settling velocity and
areal water load (based on
Vollenweider-type models)

* TN loss inversely related to
reservoir flushing rate—i.e.,
smaller losses occur in more
rapidly flushed reservoirs

EXPLANATION

—— Wakato SPARROW
K =62myrl)

{ ® European & Morih

Amarican Lakos

10 100 1,000 10,000

Alexander et al., Water Resour. Res., in press



Mean & Range for Nitrogen Settling Velocity

Rates for Lakes & Reservoirs® sparroOw Models
LS. (1992 preliminary)

. NEMEIE, e [+ SPARROW settling rates
15 S — compare favorably with literature
= E LITERATURE DATA
14 - .
= - oo |*Magnitude of SPARROW rates
810 L] 5. OntarioLakes suggest denitrification (rather
= & ! e oen | than algal uptake and particulate
= ° 1 o L. SR burial) may be a dominant long-
'H 4 - ; Dillony & Medot (1990) . g
2 : 5 || Lske Superior term loss process in reservoirs
o Bennatt (1986)
TN NO4 TIN TON  Common Attributes:
High M imputs
Nitrogen Form Mad. to high NP ratios
Canitnficalion damiated
* Sattfing rates > 25 m yr1 - algal dominated: low N:P ratios (Kelly et al. 1990)
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Percentage Removed

— Nitrogen (3.3 m/yr)

—— Phosphorus (12.1 mfyr)
— Fecal Coliform (86.7 m/fyr)|

A\

N

0.01 0.1
Areal Hydraulic Load (m/ yr)

1.0

10 100

1,000 10,000




eir location and size
portant to understanding
Inant fate in watersheds

North Carolina Coastal SPARROW

FAY, e
Mormal Capacity (cu meters] %

« 500,000 to 1,000 000
. 1,000,000 to 6,000,000
= 6,000,000

Potential (%) delivered TN
| 020 percent
20-40 percent

40-60 parcanl
60-30 percent
gt B0 percent




SPARROW Prediction Statistics

(Mean & Percentiles)

* Loads/yields exported from watersheds

e Contaminant losses 1in streams and reservoirs

» Contaminant sources and budgets
* Concentration

* Probability of exceeding environmentally relevant
load/concentration thresholds

:



Delivery to the
Gulf of Mexico
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SPARROW Estimates of Delivered TN Yield

Agriculture
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Delivery to the
.S. Coastal areas
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Fertilizer Nitrogen
Delivered Yield

/N/ States2m.shp
Erf1.shp (kg/km?/yr)
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Livestock Waste Nitrogen
Delivered Yield

StatesZ2m.shp
Erf1.shp (kg/km?/yr)
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tion Inputs

Atmospheric Depositon of Nitrate in the
Conterminous United States
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en Delivery to the
England Coastal areas
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SPARROW
Predicted
Nitrogen Yield
Atmospheric
Deposition

Catchment Yield
(kg /sq km)
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SPARROW
Predicted -
Nitrogen Yield |
URBAN

Sources

Catchment Yield
(kg f sq Km)
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I 183 - 277
B 277 - 400
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SPARROW

Predicted o
Nitrogen Yield
AGRICULTURE (ka / sq km)

5.15
[ ]15-26
[]26-38
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B 1153 - 2648
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Delivery to the
hesapeake Bay
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Incremental Yield
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0.0-1.5
1.5-3.0
3.0-4.5
45-6.0
6.0-17.5
7.5-9.0
9.0-10.5

10.5-12.0
12.0-13.5

13.5-1,655
No Data
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Delivered Yield

0.0-1.5
1.5-3.0
3.0-45
4.5-6.0
6.0-7.5
7.5-9.0
9.0-10.5

10.5-12.0
12.0-13.5

13.5-1,625
No Data
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0

0O 10 20 30 40 50 60 70O 80 90 100

Cumulative Percent of Bay Watershed Area

Total Flux

Atmospheric Flux

Equivalence Line ‘

of the stream nitrogen delivered to the Chesapeake Bay from interior
channel distance from the Bay: (a) map of atmospheric nitrogen by
ospheric flux in relation to watershed area.
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en Delivery to
stal North Carolina
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d (kg/ha)
t watershed outlet

Loss in _
Streams @ Landscape yield (kg/ha)
and reservoirs
‘/ B Watershed vield (kg/ha)
33%
0
42% 20
2
1
0
Cape Fear Neuse Tar-Pamlico
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SPARROW Prediction Statistics

(Mean & Percentiles)

Loads/yields exported from watersheds
Contaminant losses 1n streams and reservoirs

Loads/yields delivered to downstream sites (€.g.,
estuaries, reservoirs)

Concentration

Probability of exceeding environmentally relevant
load/concentration thresholds
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t sources and budgets
contiguous U.S.
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Nutrient Sources in U.S.
Watersheds*

*  Nutrient management conference
«  Useful general summary of sources
Atmospheric Contributions  «  Results for TN and TP
to Total Nitrogen Export Tabulated by cataloging unit
«  Gives budgets at outlets of units
«  Differ from budgets based on inputs
«  Accounts for variations in delivery
among sources and watersheds

Percentage
I 0-20
I 20-30
I 30-40
I 40-50
I 50 - 100

* Smith and Alexander, 2000

< USGS
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URBAN POINT AND DIFFUSE AGRICULTURAL

SEWERED POPULATION (4%) LIVESTOCK WASTE (34%)

Percent of
Total Flux In
All Watersheds

PERCENT

CONTRIBUTION
] 0-25
o5 - 50
Bl s50-75

URBAN DIFFUSE (130%) T 75-100

Forest = 19%
Shrub = 5%
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Sources of Total Phosphorus by Land Use
at 336 Stream Monitoring Stations

Land-Use vs. Intensive-Source Models
100
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70, Basin Land Use 707 Source of TP Yield
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nt sources and budgets
ISsissIppl River basin
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Sources of Total Nitrogen at the
Mississippi River Outlet to the Gulf

¢

Point Sources  Fertilizer Use Livestock Atmospheric  Nonagricultural
wastes deposition nonpoint
sources




nt sources and budgets
England Coastal basins
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Primary Sources of
Nitrogen Loads

Primary Source

[ | Atmospheric

I Urban

[ Agriculture (fertilizer)

Il FPoint Source (sewered) =

ZUSGS
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Primary Source
| | Atmospheric
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[ Agriculture (fertilizer)
[l Point Source (sewered)




t sources and budgets
New Zealand
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Walikato River Basin
Total Phosphorus Budget

B Delivery to Streams
B \Watershed Outlet
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Waikato River Basin
Total Nitrogen Sources
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t sources and budgets
Chesapeake Bay
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Agricultural Sources

[]00-15

[ 1.5-3.0
] 3.0-45

[ 45-6.0

] 6.0-75

O 7.5-9.0
[ 9.0-105

B 10.5-12.0
B 120-13.5
B 135-121
[] No Data

Incremental Yield Due to

ZUSGS
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[]00-15

[ 1.5-3.0
] 3.0-45

[ 45-6.0

] 6.0-75

O 7.5-9.0
[ 9.0-105

B 10.5-12.0
B 12.0-13.5
B 13.5-1,646
[] No Data

Incremental Yield Due to
Point Sources
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Fertilizer Nitrogen Data Sets

< USGS >
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Manure Nitrogen Data Sets

of Agriculture
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Nitrate Wet-Deposition Data Sets

RADM
Model
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RADM Wet / Dry Nitrate Deposition Data Sets

53
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Septic Tank

Loading Data

Derived
From

Census Information
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1elds

Incremental Yield, Agriculiural Sources Kgfha'vr Delivered Yield, Agricultural Ssurces kghafve
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1elds
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SPARROW Prediction Statistics

(Mean & Percentiles)

Loads/yields exported from watersheds
Contaminant losses 1n streams and reservoirs

Loads/yields delivered to downstream sites (€.g.,
estuaries, reservoirs)

Contaminant sources and budgets

Probability of exceeding environmentally relevant
load/concentration thresholds

57



INg concentration
astal North Carolina
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s Predicted TN concentration (mg/L)

gt 1.5 mglL
Study area boundary

[ Cf_band
] Weuse_bnd
S Sireams




SPARROW Prediction Statistics

(Mean & Percentiles)

Loads/yields exported from watersheds
Contaminant losses 1n streams and reservoirs

Loads/yields delivered to downstream sites (€.g.,
estuaries, reservoirs)

Contaminant sources and budgets

Concentration

60



of exceeding thresholds
oastal North Carolina
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SPARROW Management
Applications

TMDL

Studying change over time
Targeting of nutrient controls
Natural background
Atmospheric deposition
Drinking water quality
Network design

63



305b Water Quality Assesssment
Estimating proportion of watersheds
satisfying water quality criteria
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CLASSIFICATION OF PREDICTED TP
CONCENTRATION IN HUGCs

# 0
Sy =

A WS T g |
e R

Probable c
(mg/L)
B ow(<0.1)
H High (>0.1)
L No data

< USGS
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Proportion of Hydrologic Units with
TP Concentration < 0.1 mg/L TP

Criterion
Region No. Proportion Lower Upper
HUCs 90% CI 909% CI
U.S. 2048 0.39 0.37 0.42
New England 52 0.84 0.75 0.90
Mid. Atlantic 88 0.60 0.53 0.67

Upper Miss. 131 0.19 0.15 023

66




SPARROW Management
Applications

305-b Water Quality Assessment

Studying change over time
Targeting of nutrient controls
Natural background
Atmospheric deposition
Drinking water quality
Network design

67



seline TN loads
oastal North Carolina
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60%

@ Point sources

® Agricultural land cover

50%

OHNon-agr. Land cover

40%

30% -

Source contributions (%)

20% -

10% -

0% -
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-1
Cape Fear Neuse Tar-Pamlico low concentration high concentration
reaches reaches
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aseline TN loads
w England Coastal basins
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O Loads MH-YT

OLoads MA-CT

36 %

TN
Loads to

Long Is
Sound

B Foint source
B Agriculture
O Atmospheric
9 OUrban

Sources

n
NH-VT
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SPARROW Management
Applications

TMDL

Targeting of nutrient controls
Natural background

Atmospheric deposition
Drinking water quality
Network design

72
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Version I - 1987

0.0-1.5
1.5-3.0
3.0-4.5
45-6.0
6.0-17.5
7.5-9.0
9.0-10.5

10.5-12.0
12.0-13.5

13.5-1,655
No Data

Version 11

DEREEOOOOOO

0.0-1.5
1.5-3.0
3.0-45
4.5-6.0
6.0-7.5
7.5-9.0
9.0-10.5
10.5-12.0
12.0-13.5
13.5-5,026
No Data
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SPARROW Management
Applications

TMDL
Studying change over time

Natural background
Atmospheric deposition
Drinking water quality
Network design

74



1shing Nutrient-Load Allocations

oint Application of SPARROW and HSPF

75



‘ Setting Load Allocations I

Further allocate major
Allocate Loading Caps Further allocate cap tributary basin load

to the 9 Major Basins load responsibilities caps to 37 state defined
to each state sub-basins

Susquehanna




‘ Chesapeake Bay Program Watershed Model - HSPF I

Description of Modeling Framework

- Deterministic

- Process Oriented

- Spatially and Temporally Defined
- Temporally Detailed

Chesapeake Bay Application

- Deliver Nutrient and Sediment Loads to
Separate Estuarine Water-Quality Model

- Establish Nutrient and Sediment Allocations
by Drainage Area and Land Use Type

- Develop Stream Load Predictions for Various
Scenarios of Management-Practice
Implementation

77




‘ Chesapeake Bay Program Watershed Model - HSPF I

Limitations of Modeling Framework

- Over-Parameterized

- Labor-Intensive Manual Calibration

- Spatial Coarseness

- No Systematic Method of Assessing Error

Why 1s HSPF Necessary?

- Designed for Studying the Relations of Human
Activities on the Landscape to Nutrient and
Sediment Loads of Streams

- Allows Simulation of “ALL” Human
Activities that Affect Stream Loads

- Allows the Simulation of Management-
Practices to Assess Their Effectiveness
and Optimize the Efficient Use of Resources

78




U.S. Geological Survey - SPARROW

9 10 20 65 40 B0 6> 70 €0 80 10 MuES
© 10 2090 90 50 80 70 00 $0100 KILOMETERS

Description of Modeling Framework

- Statistical

- Designed to Define Spatial Relations Between
Contaminant Sources and Stream Loads

- Spatially Defined Only
- Spatially Detailed

Chesapeake Bay Application

- Provide Framework for Relating Various
Types of Detailed Geographic Data to
Stream Nutrient Loads

- Statistically Identify the Environmental
Factors that are Most Closely Related
to Stream Loads

- Provide Spatially Detailed Estimates of
Stream Load for Targeting and Other Uses

79



U.S. Geological Survey - SPARROW

Limitations of SPARROW

- No Temporal Definition

- Extremely Data Intensive

- Predictions Based Only on Statistically
Significant Variables

Why 1s SPARROW Useful?

- Provides a Statistical Basis for Watershed
Modeling and Estimates of Error
Associated With All Predictions

- Provides Spatially Detailed Predictions of
Stream Loads

- Provides a Basis for Spatially Detailed
7, Assessment of the Relative Importance of
- e\ Factors Affecting Stream Loads

© 102090 40 50 00 70 20 $0100 KLOMETERS
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Chesapeake Bay Watershed

SPARROW / HSPF Comparison

O Point Sources
EUrban Area

O Agricultural Area
B Other Source

Total Nitrogen (kg/ha/yr)

Susquehanna  Patuxent Potomac

< USGS
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Joint Application of SPARROW and HSPF
in the

Chesapeake Bay Watershed

1. Feedback Between SPARROW and HSPF

2. Use of SPARROW for Targeting / HSPF for Evaluating
Tributary Specific Management Plans

3. Use of SPARROW for Targeting / HSPF for Evaluating
Load Allocations Among Large Basins
for Criteria Attainment

= USGS -



Joint Application of SPARROW and HSPF
Model Feedback - Instream Loss Rates

Potential For Delivery of Total Nitrogen
percent

00-15
15-3.0
30-45
45-6.0
60-7.5

I 75-9.0

N 90-105

N 105-120

B 120-135

I 135 -7,668

lo

0 20 40 60 80 100 Miles
e

83
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Loss Associated With Soil Permeability

Joint Application of SPARROW and HSPF
Model Feedback — Identification of Significant Variables

Loss Associated With Coastal Plain

percent

0-5

5-10
10- 15
15-20
20-25

I 25-30
I 30-35
B 35-40
B 40-45
Bl 45-72

0O 20 40 60 80 100 Miles
P e

No Data

< USGS
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Joint Application of SPARROW and HSPF

Targeting — Area Specific Management Plans

Maryland Tributary Strategy Drainages

85



Joint Application of

HSPF and SPARROW

Targeting — Area Specific
Management Plans

| 1992 Land Use

Agriculure

I Earen

= | Fanasi
Lirkan

Waher
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Joint Application of
SPARROW and HSPF

Targeting — Area Specific
Management Plans

" Point Sources
—~

- os- 5061.634
'Y

v

Management Scenario

/

87

Test With HSPF




fficient Targeting of
utrient Controls
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Percentage of N Export
Delivered to the Coast

/N States2m.shp
Erfli.shp

/\/0-0.
0.25-0.5
0.5-0.75

/\/0.75-1

gercent)
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Application of SPARROW to Evaluate
Control Strategies for Reducing Nitrogen
Flux to Estuaries

Cost of Optimal Nitrogen Removal in Hydrologic Differences in in-
Units to Obtain a 40 Percent Reduction stream decay rates
at Estuaries make it more
efficient to control
watersheds near
large rivers.

The cost of the
optimal strategy is
40% less than the
cost of a uniform
strategy.

Percent Nitrogen Removal
Il $0 - 2 million

I $ 2 - 10 million

I $ 10 - 15 million

I $ 15 - 25 million

[ $ 25 million or greater

I Non-contributing area L SGS
cience for a changing world




SPARROW Management
Applications

TMDL
Studying change over time
Targeting of nutrient controls

Atmospheric deposition
Drinking water quality
Network design

91



Objective: Develop models to
correct for limitations of data
from reference sites

. Few sites; none 1n some ecoregions
ffect of atmospheric deposition

ffect of natural factors, esp. runoff

AW =
T @ O

ffect of stream size

92




Approach

1. Calibrate regression models of
background TN and TP yield from
headwater stream reference sites as
functions of runoftf, basin size,
atmospheric TN deposition, and
regional factors.
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® Relorance Sites (B3)

Nutrient Ecoregions

1 [ WillamettefCentral Valleys

2 [ ] Westemn Faorasted Mizs.

3 [ Xeric West

v 4 [ | Great Plains/Shrublands

§ [ ] Cultwated Great Plains

6 [ | Com Belt and M. Great Plains
7 [ Mastly Glaciated Dairy Region

g | | 3E Temperate Forested Plains
10 | | T¥-LA Coastal WS Alluvial Plains
11 [] CentralE. Farested Uplands

12 || Southern Coastal Plan

13 [ Southern FL Cogstal Plain

14 [ Eastern Coastal Plain
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YIELD (kg k2 yr-)

YIELD (kg km-2 yr-)

< USGS
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Approach (cont.)

2. Use the atmospheric deposition term 1n the
reference site regression model to correct for this
source of TN.

3. Use the regression models to estimate
background nutrient loadings to larger streams
and rivers (defined as RF1 reaches).

:



Approach (cont.)

3. Use previously calibrated
SPARROW models to predict the
effects of transport 1n larger streams
and rivers on background nutrient
concentrations.
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ort Equation

Yj Aj [exp( —K Ti, j)]

J (i)
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Approach (cont.)

4. Also, use the reservoir sedimentation
term 1n the SPARROW transport
model to “correct” for the effect of
dams on total P concentrations.
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EXPLANATION

TH Concentration in

Rivers (mg/)

~~ 0-0.03

A 00E=-0.075

0075-0.15

<~ .15 and greatar

TH Concentration in

P W

Headwater Streams (mg)

0-0.15

015-0.30

B 0.30 and greater
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EXPLAMATION

TP Concentration in
Rivers (mg/)

A 0 =000

e 00 =10003

A 0003 - 0.06

=~ (.06 and greafer

TP Concaniration in
Headwater Streams (mg1)
0-0.03
0.03 - 0,06
B 0.06 and greater
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CONCENTRATION (mgf.)

CONCENTRATION {mg.)
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Conclusions

* Actual (1.e. current) TN concentrations
(Dodds et al, 1998) exceed background
levels by a much larger factor than do actual
TP concentrations.

» Reasons: nutrient loadings, pollution
controls, dams and reservoirs.
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Conclusions (cont.)

 As much as a 10X variation in natural
background concentrations of TN and TP
within EPA nutrient ecoregions.

* Predicted background TP concentrations
exceed EPA 25" percentile values in many
streams (52% nationwide).
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Conclusions (cont.)

* Fundamental problem for setting nutrient
criteria: large local variation in background
concentrations due to runoff and stream-
river junctions.

* [ocalized variation hinders solving this
problem through sub-division of major eco-
regions.
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SPARROW Management
Applications

TMDL
Studying change over time
Targeting of nutrient controls

Natural background

Drinking Water Quality
Network design
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Nitrate Wet-Deposition Data Sets
Chesapeake Bay Region

T

ZUSGS
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CB Total Nitrogen SPARROW (1992)
Five Models Evaluated

Sources: Results:

Atmospheric deposition: e Model fits similar
NADP wet nitrate (R2=0.98); statistically
Penn St. wet nitrate inseparable
RADM (wet, dry, total) e Source contributions to

Municipal / industrial point stream TN flux similar

Septic systems — Modest differences in

Urban runoff atmospheric & fertilizer

Fertilizer -

Livestock waste

a USGS
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Chesapeake Bay Watershed
tmospheric Contributions to Stream TN Expo

o 1992 CB SPARROW Models 1987 Models*
a 1197 catchments 46 catchments
@
e 40t -
[i1]
: [
iy
- ~
3-[:] - i -
o _
£ :
E -
& 20 | ? I . Quartiles
- 75th Percentile
= 4 [ ] [
g‘ 10 <+ - . Median
£ 1 1
- 25th Percentile
Atmaospheric Depaosition Inputs '

=P * Alexander et al. 2001
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CB SPARROW 1992 Estimates of
Source Contributions to Stream TN Export

Chesapeake Bay Watershed (1197 catchments)
60 =

§_ 50 ! 1 Atmospheric Inputs
X '3 ® NADP NO3 Wet
£ 40 ¢ 4 e RADM Total
g |
L 30t ' i
(& ]
% R Quartiles
o 20+ .
= Pt 75th Percentile
Em_ 1 ¢ II | ]:Madian
- = 25th Percentile
D T T T oo T ;t;
5 @ Q& o o
S AR )
"§p & 4 & o
v & & & &*
g;le' & a N

Nitrogen Sources 110
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CB SPARROW Atmospheric Contributions

Exported from Reach Catchments
(Based on Interpolated NADP Wet NO, Deposition)

Sources

Incremantal Atmospharic

0. 0.05
kgfhalyr 0.05-0.1
0-015 01-015
3.135 bn.g 015-0.2
4-04 0.2.0.25
0.45-0.6 0.25-0.3
06-0758 ggﬁ Dﬂ-‘*‘i
0.75-08 B 035-0.
B 0.5 -1.05 =g-j5'”1“5
1.05-1.2 iy
W 2-1.35 LD
B 135-15

ZUSGS
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CB SPARROW Atmospheric Contributions

Exported from Catchments & Delivered to Bay
(Based on Interpolated NADP Wet NO, Deposition)

Incremantal Atmospharic Deliverad Atmospheric

kaghalyr Ky
0-0.15 P 0-015
015-0.2 3 0.15-0.32
03-045 ! 0.3-045
045 -08 ol T 0.45-0.6
6-075 0g-0.75
0.75-0.9 075-08
0.8-105 05-105

B 1.05-1.2 = }-25-1132

B 1.2-1.35 — R RL

B 135-1.5

ZUSGS
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SPARROW Management
Applications

TMDL

Studying change over time
Targeting of nutrient controls
Natural background
Atmospheric deposition

Network design
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SURFACE-WATER INTAKES IN THE UNITED STATES
Serving Populations above 10,000 in Watersheds Greater than 1,000 5q. Km_

@ Rver fstream
o Lock & dam
* Resenvoir

® Lake
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3 percent of the population above the MCL -
Is this real?
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Network design
Optimal network design to
predict TN yield to Gulf of Mexico
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SPARROW

Stratitied Sampling of Monitoring Sies (N=103)

Objective: Select the “optimal” set of
monitoring locations that improves the
precision of model estimates of the
“delivered TN yield” to the Gulf of Mexico

Method: (a) stratify the distribution of
delivered yield for sites (273 NASQAN
& NAWQA) and reaches; (b) determine
the sample size from each strata that

hum-naghuu-n

i satisfies the objective; (c) randomly
select 100 locations from the four strata
‘ '.;;:..." Additional design scenarios possible:
- (a) alternate populations of streams
| P having different attributes; (b) effect of
BTN v 3 station sample size; (c) different
: : N 8 objective functions (e.g., concentration)

| 117
2 USGS
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requency Distribution and Stratum Delineatio

igtracifiyvying variakle is delivyld, groups: Group = &

NASQAN, NAWQA Monitoring Sites (N=273)

Stratum  MNo. Sites
n=50 n=100

51 8 24
52 7 20
53 6 17
54 29 39

Delivered Yield (kg/km2/yr)




Network design
Using exceedence probabillity and
prediction uncertainty to locate
additional monitoring sites
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Probability of exceeding TN concentration of 1.5 mg/L

/. < 10% chance
/. 10-25% chance
“ 25-50% chance
50-75% chance
75-90% chance
/\/ > 90% chance




Relative variability of TN predictions

CV of bootstrap
TN predictions

small
/\/medium-small
medium large

/NS large




Identifying locations for further monitoring?

: ] S i Midrange exceedence
Durham Pl 'y probability reaches
~, * AN/ 15-T5% chance
[ € '". I -
Chapel Hilt / ] 4 -
ap - LY - Stream network
i | ] ¥
: Raleigh | FRelatively uncertain T predictions
! : i ; S0th-75th percentile
’ ;," . of prediction CVs
' P ~ gt T5th percentile
of prediction CVs

ZUSGS

science for a changing world



ork design
esapeake Bay
al Monitoring Network Design
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Key Aspects of the
Non-Tidal Monitoring Program

* Non-Tidal Monitoring Funded Primarily
by the States for Other Objectives

* Objectives of Non-tidal Monitoring for CBP

Focus on How Watershed Activities
Affect the Bay

* States Have Agreed to Work With the CBP
to Make Modest Changes to Achieve
All Objectives
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Chesapeake Bay
SPARROW

Version 11

HGMR / Load Site
Distribution

ton II - 1992

< USGS

ice for a changing world

OOOOOOOOOOOOOOOOOOOOOO

[[] APPALACHIAN PIATEAUCARBONATE
[[] APPALACHIAN PLATEAUSIICICIASTIC
[] miERDGE

[} COASTALPLAN DISSECTED UPLAND
[] COASPLPLAN IOWLAND

[] COASIALPLAN LPLAND

[ Moz IOWAND

Il PEDVONTCARBONATE

[] PEDMONTCRYSTALINE

[] VALLEYAND RDGE CARBONATE

[ VALEYAND RDGE
SLCICLASIC

VVVVVV
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Criteria for Non-Tidal Site Inclusion

A. Load Estimation
- Must be associated with a stream gage
- Sites must represent broad range of watershed characteristics
- Minimum of 12 samples per year over 3 consecutive years

B. Temporal Trend Analysis
- Must be associated with a stream gage
- Sites must represent broad range of watershed characteristics
- Minimum of 4 samples per year over 10 consecutive years

C. HSPF Watershed Modeling

- Must be associated with a stream gage

- Sites must represent broad range of watershed characteristics
- Minimum record length of 5 consecutive years

- Sites must be located near segment boundary

ZUSGS

science for a changing world
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Preliminary Results of Criteria Application

Langland and others, WRIR 95-4233

* A Total of 1,058 Sites With at Least 12 Nutrient or
Sediment Samples Collected Over 3 Years or More

* Of the 1,058 Sites, 613 had at Least 50 Nutrient or
Sediment Samples Collected Over 3 Years or More

* Of the 613 Sites, Only127 Were Associated With a
Flow Gage
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TATIVENESS
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HYDROGEOMORPHIC REGIONS

[T APPALACHIAN PLATEAU CARBONATE.
[ APPALACHIAN PLATEAU STICICLASTIC
[] mernce

[] COASIALPLAN DISSECTED LPLAND

[] coasmpianiowiann

[ coasmpian vraND

[ msozoic iowan

[l FevoNTCARRONATE

[ PEDMONTCRYSTALINE

[ VALEY AND RIDGE CARBONATE

[ vusvawroae
SILICICLASTIC

CHESAPEAKE BAY
BASIN BOUNDARY

Percentage Percentage
of Drainages of Sampled
in Drainages in

Coastal Plain  Coastal Plain

< USGS o
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Preliminary Recommendations for
Non-Tidal Monitoring Network

* Add Sites to the Coastal Plain Part of the Watershed

* Add Sites at Drainage Boundaries of Management
Strategy Design Units

* Increase the Amount of Storm Sampling
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SPARROW Management
Applications

TMDL

Studying change over time
Targeting of nutrient controls
Natural background
Atmospheric deposition
Drinking Water Quality
Network design
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Application of SPARROW In Simulation Mode
Marginal Effects of Changing Inputs

(e.g. Meters of stream channel brought into compliance with a

w.q. standard per kilogram of TP reduction)

e Run model with a small incremental reduction in
loads from specified sources

 Track reaches in which concentration falls below
0.1 mg/l

e Summarize results over desired region (and map
reaches that change status)

* Results not easily anticipated

* Note: results will differ with a larger reduction
= USGS 0

cience for a changing world




Marginal Benefits of Phosphorus Control:

Meters of U.S. Streams Brought into Compliance
per Kilogram per Year of Phosphorus Source Reduction
by Individual States



SPARROW Model
Applications: Other Issues

* Web access to SPARROW applications
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ncertainty 1n
ARROW
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Three Sources of Uncertainty

Parameter uncertainty due to finite sample size

Goes to zero as sample size goes to infinity

Model uncertainty due to unaccounted factors affecting
water quality

Goes to zero only by including additional explanatory factors

Measurement error

Exists in both the dependent variables and the predictors

Cannot be removed by introducing either more observations or
more variables

Measurement error in predictors causes biased coefficient
estimates, but not necessarily biased predictions

The use of estimated loads as the dependent variable creates
complications in deriving prediction intervals
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Measures of Uncertainty

e Standard Error of Prediction

StandardErrory = \/ E(y a }7)2

 Confidence Intervals

"

| D>

; SOk£6k)=a
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Problems with Standard Uncertainty
Measures 1n the SPARROW Model

Parameters are estimated using non-linear least
squares

— Estimates of coefficient error are valid only
asymptotically (that 1s, for large sample sizes)

Errors in model may not be normally distributed

Predictions are generally not linear functions of
the parameters or model errors

— Analytic derivation of uncertainty measures 1s
intractable

— Predictions may be biased
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Uncertainty in Parameters vs.
Uncertainty 1n Predictions

* Uncertainty in Parameters

Objective function:
N
s=3 (v~ 1,0))
i=1
Covariance Matrix:
f -1
v)=s(3 0t
i=1
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Bootstrap Variance

* The bootstrap method computes B estimates
of 0, call them ,b=1, ... étI)B, by
minimizing:

N

S" =2 w(y; — f,(6))

1=1

where W are integer random weights that
sum to N.
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Parametric Confidence Intervals

\/Viékjcb (1 +a)/2), and
6, =V I6, Jo ' ((1-0)/2)

where @-! is the inverse standard normal
distribution

[
@)

CID>| I<I>>

This confidence interval 1s second order accurate.
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Bootstrap Confidence Intervals

Q* 0, —H '((1+0a)/2),and
6, =6, -H™(1-w)/2)

where H (p)s the p™ quantile of the
empirical distribution of 6, —6

This confidence interval 1s also second
order accurate.
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Uncertainty 1n Predictions

e Parametric Prediction
c=g(0,¢)

If P_(z) and O were known, the prediction of €
would be

c= [o(0.2)00 2
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Parametric Prediction — Stage 1

Use coefficient estimates and estimated errors
C=—) g\0,¢
N ‘3

Because of non-linearity of g, this estimate is biased.
Assume proportional bias:

p
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Bootstrap Method for the Correction
of Proportional Bias

1 N
Bootstrap resampled iteration b prediction C, = NZ ( )

/\_ 1 A
and mean C, :_Zcb

=_b

Bootstrap estimated bias B "2

Bias corrected estimate of c CBC =

150






Bootstrap Prediction Interval
Lowerbound = éexp(— o5 ((1+0c)/2))

Upperbound = Cexp( ~ N*((l oc)/ 2))

A* AN ’\*.
where C = g(e,g*),s IS a randomly-selected

residual from among the N residuals obtained in the

original full model calibration, and HN* N*( ) IS the

—C
empirical distribution of ln(éb )—ln(é*)

This prediction interval is first order accurate and
strictly positive.
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SPARROW Model
Applications: Other Issues

* Model uncertainty in predictions
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SPARROW WEB

Watershed Data and Model Predictions

for 62,000 Stream Reaches

» Mean-annual streamflow, iy lntiiany
water velocity, drainage area B

* NLCD land use (1992) (- %

e Population, waste disposal =9 e
type (1990 Census) \ﬂ ( &

« Mean-annual nutrient conditions
(yield, concentration, sources,
prediction uncertainties)

* Natural background nutrient conditions
* Public release: 2003

Internal URL: http://hgsun2.er.usgs.gov/~mierardi/hucmaster

Example of Mested
Hydrodogic Linits in
the Mid Atlantic
Region 02




