A Watershed Response Modeling Approach
for the Wisconsin River TMDL
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Objective

e Simulate monthly discharge and total suspended
sediment and total phosphorus loading for each
subwatershed within the Wisconsin River Basin

e Define the distribution of sediment and phosphorus
sources within each subwatershed
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Model Selection: Soil and Water Assessment Tool (SWAT)

Inputs: ‘ q
7 %
77

Precipitation Solar Radiation

Components of a
watershed model:

Outputs:
Streamflow
Water quality

Processes:

Evapotranspiration

St. Croix Watershe
Research Station

Simulates conditions on
landscape each day based
on climate data

Input data,
parameter intensive

Output information is
provided for each
subwatershed defined
(TMDL reach)

Outputs include crop vyields,
water balance, discharge,
sediment, & water
chemistry



Model Selection: Soil and Water Assessment Tool (SWAT)
SWAT Hydrologic Cycle (Daily Water Balance)
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Return Flow

Shallow (unconfined) Aquifer

Confining Layer

Deep (confined) Aquifer



Model Selection: Soil and Water Assessment Tool (SWAT)

SWAT Governing Equations

Not complete list
Location Process Governing Equation

Hydrology - Runoff SCS Curve Number
Hydrology — Peak Flow Rational Method

Hydrology - Lateral Lateral Flow - Kinematic Storage Model
Landscape Hydrology - Groundwater  Daily Water Balance
Sediment Modified Universal Soil Loss Equation

Partitioning Factor (runoff)
Phosphorus Load Function (sediment adsorbed)
Crop supply and demand

Manning’s equation

ey Variable Storage Coefficient Method or Muskingum
Sl Sediment Bagnold's stream power
Phosphorus QUAL2E
Hydrology Water balance / user-provided outflow
Pond, , . :
Sediment Based on volume / concentration of inflow, outflow & storage
Wetland,
& Reservoirs Simple transformation routines that assume water body to be
Phosphorus

completely mixed



Model Selection: Soil and Water Assessment Tool (SWAT)

Why choose SWAT?

;.* SWAT
"W« HSPF
‘e MIKE-SHE

e Public domain, open source code, user support

e GIS-based user interface

® Previously applied to TMDLs throughout
Wisconsin and the United States

e Ability to incorporate heterogeneity of
agricultural management

e Ability to simulate monthly nutrient loads
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Data Collection

Monitoring Data —
= 8 Assessment ‘

q//%

7 %

Comp()nents of a Precipitation Solar Radiation
watershed model: Processes:

Evapotranspiration

Landscape
Elements

Qutputs:
Streamflow
Water quality

St. Croix Watershed
Research Station



Data Collection: Discharge and Water Quality

e Measured Daily Discharge
Collected during all or a portion of the simulation period (2002 — 2013)

v 18 Wisconsin River sites

v 33 Tributary sites

M L,

‘m TOMAHﬁ\WK-i

AR ' 4
= ‘3 LA

Iy

i-’ - -y {

I 2 ¢ : ‘ P
. ‘

N

A

SWAT Model
Discharge Calibration Sites

¥ Wisconsin River Mainstem
B Tributary

el WISCONSIN DELLS
: # Z\q
ot i RTA

e M =




Data Collection: Discharge and Water Quality

e Measured Bi-Weekly Water Chemistry (TP, DP, TSS)
Collected during all or a portion of the simulation period (2002 — 2013)

v 13 Wisconsin River sites with TP, DP Loads
v 19 Tributary sites with TP, DP Loads

v 17 Tributary sites with TSS Loads
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SWAT Model TP, DP, & TSS
Monthly Load Calibration Sites

I Mainstem TP & DP Load
B Tributary TP and DP Load
Mainstem TSS Load
Tributary TSS Load




Data Collection: Calculating Loads

e Monthly TP, DP, & TSS loads will be calculated by USGS using LOADEST

Average Daily Discharge (cfs)

10,000

8,000

6,000

4,000

2,000

Big Eau Pleine River at State Hwy 97 (2010 - 2012)

Dec-10

—— Daily Discharge (cfs)
e TP Concentration (mg/L)

Regression model

automatically select best model from models 1-9.

ag+a,InQ

ag+a,InQ + azanJ

ag+a;InQ + a,dtime

4 ag+a,InQ + a,sin(2ndtime) + aycos(2ndtime)
5 ag+a,InQ + a, InQ? + azdtime
& ag+a;InQ+a,ln 07 + aysin(2ndtime) + a,cos(2ndtime)
7 ap+a;InQ + a;sin(2ndtime) + aycos(2ndtime) + aydtime
8 ag+a,InQ+a,ln 0? + a;sin(2ndtime) + aycos(2ndtime) + asdtime
3 ag+a;InQ + a,InQ? + a;sin(2ndtime) + aycos(2ndtime) + asdtime + agdtime”
10 ap+ aper+a,InQ +ay;InQ per
11 ag+a,per+a,InQ+a;InQ per + a4lnf_?1 +as InQ? per
99 user defined
® =
" Runkel et al. 2004
0.2
®
0.1
0
Jun-11 Dec-11 Jun-12 Dec-12




Data Collection: Calculating Loads

e Monthly TP, DP, & TSS loads will be calculated by USGS using LOADEST

180,000

160,000
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120,000

100,000
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60,000

40,000

Total Phosphorus Load (Ibs. per month)

20,000

Big Eau Pleine River at State Hwy 97 (2010 - 2012)

Preliminary
Load Data

0 -

Jan-10

Apr-10  Jul-10 Oct-10  Jan-11  Apr-11 Jul-11 Oct-11  Jan-12  Apr-12  Jul-12 Oct-12



Data Collection: Instantaneous Grab Samples

e What about other data such as
tributary & main stem grab samples?

v Secondary model evaluation

v' Conceptualization (DP vs. TP)

1 T
—Daily Simulated TP Concentration
® Instantaneous Measured TP Concentration Exa m ple Data
T
0
1.00

N

A

TP Evaluation Sites
(6 samples May - October 2012)|

Daily Phosphorus Concentration (mg/L)

® WDNR TP Monitoring Site

0.20 -

0.00 T T T T T
05/01/2012 05/31/2012 06/30/2012 07/30/2012 08/29/2012 09/28/2012




Data Collection: Annual Water Budget

e What s the estimated average annual water
budget for the segments of the watershed?

Frdpioon | rurlt | recrose |1 waerves [l
3” 4” 4” 4”

1.5” 4.1” 26"
-
34” (EAST)  1.6” 8.0” 26"
34” (WEST)  2.9” 2.4” 26" 9”

5” 8” 6” 4” OII

Data Sources

1. Precipitation from NASA’s DayMet (1980-2011) /i A O

2. Runoff estimates modeled by WDNR Science Services (Mednick et al. 2012). : P i o
Includes snowmelt and baseflow BARABOO

3. Recharge estimates from USGS OFR 2009-2010 (1970-1999)

4. ET estimates from UW-Extension Ag Science Center (2002-2012)




Data Collection: Crop Yield

e What are the crop yields during the simulation period for specific areas?

Average Bushels Per Acre Per County (2002 - 2012)

m Corn Grain
m Soybean

PRICE
TAYLOR
LINCOLN
LANGLADE
MARATHON
CLARK
WOOD
PORTAGE
WAUSHARA
ADAMS
JUNEAU
JACKSON
MONROE
VERNON
RICHLAND
COLUMBIA
SAUK

DANE

NORTHERN

CENTRAL

SOUTHERN

0 25 50 75 100 125 150 175



Data Collection: Model Inputs

Iions

2002 - 2013 Cond

—

Climate
Precipitation, Temp, etc.

Hydrology
Flow accumulation,
Internal drainage, groundwater

Topography
Slope

Soils
Type and Attributes

Land Cover

Land Management — —
Agriculture, Urban

Point Sources




Data Collection: Climate

Climate

e Primary Data
- Daily Precipitation
- Min/Max Temperature

{,5 4/4» RHINELANDER

[ 5 ‘1.4—»/_
4 Lo TOMAHAWK:

T

e Other Climate Data
« Solar Radiation

- Relative Humidity
- Wind

NOAA GHCN-D Sites
¢ Climate Station

m 3 o L
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jem -_:_ I B ooEa M (0.5)

NEXRAD (Gridded Precipitation Data)

Miles



Data Collection: Elevation

Elevation

® 10-meter DEM from NRCS

e Used for calculating slope,
slope length, min and max
elevation

2] fa
.
.liIEKG‘)GSA —

(meters)
221
() 251
() 301
() 351
) 401

() 451

10-m Elevation Grid

- 250
- 300
-325

() 32-

-375

() a7e-

-425

) 426-

-475

(] a78-

350

400

450

595
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40




Data Collection: Hydrologic Network

Climate e Hydrologic information includes:
:I J v Streamlines - 24K Hydrography WDNR Flow lines
Elevation v Open Water — 24K Hydrography WDNR Open Water
] . v Wisconsin Wetland Inventory
[Hydrology ] . .
T e Used for stream reach properties, routing through ponds &
rSoiIs ] wetlands

\ J

Land cover
]

Land Management

\ J

|
Point Sources

. J

N\

~N~~— 24K Hydrography - Flow Lines
’ 24K Hydrography - Open Water

= Wisconsin Wetlands Inventory




Data Collection: Internally Drained Areas

q D

Climate e Delineated using 10-m DEM with 10-yr,
] ~ 24-hr event threshold (~ 4” event)
Elevation
] ~ @ Areas that typically drain to subsurface
[Hydrology ]
|
Soils
] i
Land cover

\_ J

4 )

Land Management

\

q D

Point Sources

. J




Data Collection: Baseflow

Hydrology

e Provides baseflow recession

constant groundwater

parameter

JEAGLE RIVER
i 17

Calculated through BFLOW  { {/;i:{imm
program |
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i -, 58
E .42%.L_‘.TOMAH»§\WK\1
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L

Used USGS gage sites
with at least 5-yr record

N
Baseflow Separation
(USGS Gage Site)
B Baseflow Separation Station
(2nd pass of digital filter)




Data Collection: Soils
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Climate

7

\

Elevation

7
\,

Hydrology

Soils

|

7

\,

Land cover

J

7

\

Land Management

\

7

L

Point Sources

N\

® NRCS SSURGO Soils

e Used for soil properties including runoff
potential and soil profiles & depths

SSURGO Soils
Hydrologic Soil Group




Data Collection: Soil Phosphorus

Climate e UW Soil Test Lab Soil Phosphorus
fI )
Elevation v Average soil P / county / year
fl '
Hydrology
kl J
Soils
fl '
Land cover
I
( ) N
Land Management A
k| ’ (2005 - 2009 2
( ) County Average
Point Sources Soil Test P (ppm)
L ) 33-35

36 - 50

http.//uwlab.soils.wisc.edu/soilsummary/



Data Collection: Soil Phosphorus

s ~
Climate Average Annual (2005 - 2009) Soil P Summary Per County
. J
rl N 2 Price lAlverage Anlnual Minill"num SoiII;
Elevation é Taylor m Average Annual Mean Soil P
7 -~ Lincoln w Average Annual Maximum Soil P
( Hyd rology ) g Langlade
. J Marathon
I Clark
Soils Wood
r| i} 3:1 Portage
Land cover £ Waushara
‘I J é Adams
( ) Juneau
\ Land Management J Jackson
J ~ Monroe
Point Sources Vernon
- g E Richland
% Columbia
5 Sauk
8 Dane

0 100 200 300 400 500 600 700 800 900 1000
County Average Soil P Concentration (PPM)



Data Collection: Land Cover

Land cover

e Composite Land Cover

2011 USDA Cropland Data Layer
[2011 cropland extent with 2006
NLCD defining remaining lands]

é )

Wisconsin Wetland
I Inventory

i 24 Hydrography b

mm—  Open Water -

N [Cranberry Bogs] y

4 )
Areas modeled

with urban model
\_ _J

v
SWAT Input

Composite Land Cover
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Data Collection: Land Management
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Land Management

e Agricultural Land Management

®

Spatially and temporally define agricultural land
management throughout the basin

Agricultural Land

Continuous Hay / Pasture

Corn - Soybean, Disk, Fertilizer 9-23-30
Dairy (C-C-O-A-A-A), Chisel, Fertilizer 9-23-30
Dairy (C-C/S-O-A-A-A) , Disk, 5000 kg/ha manure
" Dairy (C-O-A-A-A), Disk, 300 kg/ha manure / mory




Data Collection

: Land Management

Land Management

e Agricultural Land Management — Step 1

Use USDA NASS cropland data layers (2008 — 2012) to define
annual crop sequence for each % section with agricultural land

2008

Corn

pr.;

[Dark Green = Soybean}




Data Collection: Land Management

e Agricultural Land Management — Step 1
kl J
( ) Use USDA NASS cropland data layers (2008 — 2012) to define
\ ) annual crop sequence for each % section with agricultural land
\ J - . .#
! , T, 2009
g = -
rI ~ -.- F .- i'ﬂ. '. ,_'ﬁ"
\ J ¥ ; F) Soy
I : AT ! :
Land Management Y v i3 4 W i
rl . 7 h.'il-,:,_ gt " l '
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Data Collection

: Land Manhagement

Land Management

e Agricultural Land Management — Step 1

Use USDA NASS cropland data layers (2008 — 2012) to define
annual crop sequence for each % section with agricultural land

2010

Corn




Data Collection

: Land Management
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Land Management

e Agricultural Land Management — Step 1

Use USDA NASS cropland data layers (2008 — 2012) to define
annual crop sequence for each % section with agricultural land

> ; o 2011

Corn




Data Collection

: Land Management

Land Management

e Agricultural Land Management — Step 1

Use USDA NASS cropland data layers (2008 — 2012) to define
annual crop sequence for each % section with agricultural land

2012

30 <€ Soy




Data Collection

: Land Management

Land Management

e Agricultural Land Management — Step 1

Use USDA NASS cropland data layers (2008 — 2012) to define
annual crop sequence for each % section with agricultural land

Corn
Soybean
Corn

Corn

Soybean

C-C-S-C-C, (C-S-C-S-C, S-C-C-S-C, Cc-Cc-C-C-5, S-S-5-s-C
= Cash Grain



Data Collection: Land Management

Climate e Agricultural Land Management — Step 2
| . : . .
f . | Bin the 5-year crop sequences into specific rotations such as
Elevation . .
\ J dairy, cash, continuous corn, or potato
Hydrology
1 . ", ‘*m N J"l
Soils s '. L e f :
\I J - '.“-.,“ -—.._-—.,—%E—-
r ~ 4y 'v I--_'Z"'"
Land cover
LI J
Land Management
A \
Point Sources

G-G-G-G-G = Pasture/Hay/Grassland
C-C-O/A-A-A = Dairy Rotation
C-C-S-C-C-S = Cash Grain

: :l Cash Grain
- o - Dairy Rotation

' - Pasture/Hay/Grassland




- Transect Data

Null

CRP

Cash Grain
Dairy

Hay

- Dairy (C-C-O/A-A-A-A)

RO |

i

| SRR

J‘ Unidentified Agricultural Land

f' f-’/
, 720 il
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Hydrologic Group
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Data Collection: Land Management
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Land Management

e Agricultural Land Management — Step 3

Meet with county conservation offices to confirm spatial extent
and define temporal variation of rotations (sequence, tillage,
nutrient management)

_«)
[ INoag
b - Dairy, 2yrs Corn (Storage)

:| Dairy, 2yrs Corn (Daily Haul)

|:| Continuous Corn

1 |:| Cash Grain (Spring Disk/Fall Chisel)
“ ! I cash Grain (Spring Cultivate/Fall Disk)
1 Cl Unpastured Grassland




Data Collection: Land Management

e Agricultural Land Management — Step 4
LI J
( ) Apply combination of transect data, dairy producer locations, and
q ) county conservation staff knowledge to spatially and temporally
A N identify of agricultural management
fI )
) @ © g
@
\ J @
I O
( ) o
N ) Oe @ O
Land Management o
| \ o
C o
k J ;- R ]
: NoAg
. R T . O - Dairy, 2yrs Corn (Storage)
O Continuous Corn [ pairy, 2yrs Com (Daily Haul)
:l Continuous Corn
O Dairy Rotation o [ cash Grain (Spring Disk/Fall Chisel)
®) B c:sh Grain (Spring Cultivate/Fall Disk)
O Pasture/Hay/Grassland [ Unpastured Grassiand

| @ ]




Data Collection: Land Management

e Agricultural Land Management — Step 4
LI J
( ) Apply combination of transect data, dairy producer locations, and
q ) county conservation staff knowledge to spatially and temporally
A N identify of agricultural management
J| . O
e @
\ J . .
fl ) . . ’
- q
' o o
Land Management s
®
| \ ®
O
®

[ INoAg

I Dsiry, 2yrs Com (Storage)

:l Dairy, 2yrs Corn (Daily Haul)

. Dairy Producers O PS [ continuous Com
[ | cash Grain (Spring Disk/Fall Chisel)

I cash Grain (Spring Cultivate/Fall Disk)
Unpastured Grassland




Data Collection: Land Management

e Agricultural Land Management — Step 5
fI )
Reclassify CDL crop sequence identification based on
:I J county meeting information, and attach management
information to create generalized crop rotations.
| _ .
( I\/Iodel |nput
g ) Loty AR
I -;_w@ ; J‘ﬁ t.r -ﬂl"'s;'
f | County-level W“:; z'l_r_..p ‘? r"{"‘" ?‘Iﬁ m‘
\ ) tillage, fertilizer, f”;" ‘ ﬂj‘»_@ﬁ) o iz > _
| manure, & timing |5 g = "'”“‘g, S s“frfl-'_f-"i"f""-, J‘:‘?
. . L) S TR TR Y IO R
Land Management information N Ll LaTh AN Y h
S .75*;'. 3 *é‘;‘rf:g, 1w - ?j - 3 ¢
rl ™) i '__? ; .fj‘q:'ﬁ%": .:_" ‘ ...-1‘“
o S Pl SEE TS
\ J » 1; a r?ﬁm} N
Better informed [ - .';:‘., oiﬁ A s
.. crop rotation il 1‘; A - Q- DAl RORON
L rules set R 4 ‘. Y ' ‘f‘: *‘ Pasture/Hay/Grassland
y ""'ﬁ% ; '__7., ' No Ag
e ] o : x_‘;,!; éﬁli’”aﬁ;' I continuous Corn
\_[Cash Grain




Data Collection: Land Management
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Land Management

e Agricultural Land Management — Model Input

Dairy Rotation with 2 years Corn Silage and Manure Storage
Year Month Day Operation Type Amount Unit
2008 April 29 Manure Liquid 10000  ga/acre
2008 May 1 Tillage Disk Plow
2008 May 15 Plant Corn Silage
2008 May 15 Fertilizer 9:23:30 200 Ibs/acre
2008  September 15 Harvest Corn Silage
2008  September 25 Tillage Chisel Plow
2009 April 29 Manure Liquid 10000 ga/acre
2009 May 1 Tillage Disk Plow
2009 May 15 Plant Corn Silage
2009 May 15 Fertilizer 9:23:30 200 Ibs/acre
2009  September 15 Harvest Corn Silage
2009  September 25 Tillage Chisel Plow
2010 April 15 Manure Liquid 10000 ga/acre
2010 April 17 Tillage Disk Plow
2010 April 25 Plant Oats
2010 April 25 Plant Alfalfa
2010 August 10 Harvest Oatledge
2011 June 1 Harvest Alfalfa
2011 July 15 Harvest Alfalfa
2011 August 30 Harvest Alfalfa
2011  September 15 Manure Liquid 10000 ga/acre
2012 June 1 Harvest Alfalfa
2012 July 15 Harvest Alfalfa
2012 August 30 Harvest Alfalfa
2013 June 1 Harvest Alfalfa
2013 July 15 Harvest Alfalfa
2013 August 30 Harvest Alfalfa
2013 October 15 Tillage Chisel Plow




Data Collection

: Surface Water Effluent

Point Sources

e Monthly surface water surface water effluent flow and
water chemistry from the following:

v Municipal and industrial permits

v General Permits

e MS4 contributions (from urban modeling)




Process Overview
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SWAT Configuration

a4 . N
Model Domain
| & Segments ) Segment 1:
1 . Headwaters
\I ) i
( N\
] i
Segment 2:

] J Upper
] i

_ Segment 3:
j . Central

Segment 4 : | Mu-é —
Lower L X f/

- /LT, ) WISCONSIN DELLS
1 3 (] ¢

S PORTAGE} |
) ;
BARABOO
o 7




SWAT Configuration

{ Gillmore Creek
" Model Domai )
-
odel bomain [ Tomahawk River Eagle River ]
| & Segments ) o :
rl N\ omo River Pelican River ]
Boundary Conditions [SpiritRiver o
kl J J Prairie River J
D \
f L A New Wood River r
Reach Definition [ 2 PineRiver]
k| g [ Copper River :
f ) : Eau Claire River ]
HRUs [ Rib River N
\_ J ~
J ~ - Trappe River ]
Big Eau Pleine Ri ~
PET I\/Iethod [ ig Eau Pleine River )
\_ J
fI )
Simulation Period
. J
|
( )
Time Step
- J

ISCONSIN DELLS

Feecl, PORTAGE”
_BARABGO
F N

o
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SWAT Configuration

r :
Model Domain

| & Segments
|

Boundary Conditions

( )

Reach Definition

I J
HRUs
il i
PET Method Se oV, 7
e — \ L=
\ Simulation Period GVl e,
. J W7
— ) AR i . [
Time Step lq 5=
TOMAH S
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D
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SWAT Configuration

( .
Model Domain e Reaches definition begins with

| & Segments ) pre-defined subwatersheds (HUC12)
|

e )

Boundary Conditions

e 266 HUC12 basins
(average size = 34 mi?)

Reach Definition

| ~ @ Additional lumping or splitting of

| HRUs HUC12 subwatersheds required
|

PET Method
)

' )

Simulation Period

\ J

|
Time Step




SWAT Configuration

e Reaches will be defined by:

N ) v Changes in stream reach phosphorus criteria

- Impaired stream reaches

Location of point source outfalls

Variation in land cover or management
Location upstream or downstream of reservoirs
Significant changes in flow

\ J !
I ,
s 2 L2

Reach Definition

DR NI N NN

-_;ﬂ Surface Water Outfall

®  [Oam

Impaired Reach




SWAT Configuration

( ] )
Model Domain m Threshold per Subwatershed

ﬁ& Segments ) Land cover / management Maintain integrity

Boundary Conditions SSURGO soils >20%
\' J 0% — 3%
f . . . ) 4%_ 7%
Reach Definition
\I ) S|Ope 8%_ 12%
13% — 100%
HRUs

PET Method
]

Simulation Period
]

Time Step

U h ?kx
, e PN ;5".. B b

: e

Unique Combinations of
Land Use — Soil — Slope

l

Pasture / Silt Loam / 0 - 5% Slope




SWAT Configuration

.

.

PET Method

e Potential Evapotranspiration (PET) Methods

v Priestly-Taylor
[Solar Radiation, Temperature, Relative Humidity]

v Penman — Monteith
[Solar Radiation, Temperature, Relative Humidity, Wind]

v Hargreaves
[Temperature]



SWAT Configuration

Simulation Period

12

13

14

16

19

20

21

23

26

27

28

30

e 1996 — 2001 Warm-up Period (6 years)

e 2002 - 2013 Simulation Period (12 years)



SWAT Configuration
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Time Step

12

13

14

16

19

20

21

23

26

27

28

30

e Daily Time Step




Process Overview
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SWAT Calibration & Validation

e Calibration is process of matching the simulation to measured data

120
= —+—MNeasured —s— Simulated
£ 100 ----mmmmmmme e e
E I ey TR e e e PP LR ELEEE L LS
=
B i SRR ] I A
7 n N %
1 et (R o VSRSt EE A et | — e
i R \ 'l AT 14
= A ' - J N

U I T T L I T T T

1989 1990 1991 1992 1993 1994 1995 1996 1997

e Modeler adjusts parameters to allow for better fit

CNIl  ESCO AWC SOLK SLOPE
Input Parameter Controls



SWAT Calibration & Validation

12

13

14

19

20

21

26

27

® Period of Evaluation
v 2009 — 2013 Calibration Period
v 2002 — 2008 Validation Period

e Order of Calibration Process

1.
2.
3.

Check Annual Water Budget

Complete Sensitivity Analysis

Autocalibration of
Daily discharge
Monthly total suspended sediment load
Monthly dissolved and total phosphorus load




SWAT Calibration & Validation

e Autocalibration Process

v Completed using Parameter Estimation (PEST) and/or SWAT — -
Calibration and Uncertainty Program (CUP)

v Multi-site (multiple gages), multi-objective (R?, Nash Sutcliffe)

Initial parameter estimates T Ty

o |
g il

FParameter #2

- Contours of equal
1 o objective function valus

>

Parameter #1
http.//www.pesthomepage.org/




SWAT Calibration & Validation

e Parameter Sensitivity Analysis

EXAMPLE DATASET

Sensitivity

0.40

0.36

0.32

0.28

0.24

0.20

0.16

0.12

0.08

0.04

0.00

Daily Discharge Model Calibration Parameter Sensitivity

JITHs

GW REVAP

ESCO AlphaBaseflow EPCO SURLAG CN - Cropped GW DELAY




SWAT Calibration & Validation

e Parameter Bounds EXAMPLE DATASET

Parameter Default | Minimum | Maximum | Calibrated
Value Value Value Value

CN - CORN

(corn curve number)

ESC.O : : 0.95 0 1 0.83

(soil evaporation compensation factor)

APl 27 : 0.048 0 1 0.708

(baseflow recession constant)

SURLAG 4 1 24 1

stormflow lag time



SWAT Calibration & Validation

e Evaluation Statistics (not inclusive)

v Coefficient of Determination (R2)
Proportion of the variance in measured data explained by model
Optimal =1.0

v Nash-Sutcliffe Efficiency (NSE)
Indicates how well the plot of observed vs. simulated fits the 1:1 line
Optimal = 1.0

v Percent Bias (PBIAS)
Average tendency of simulated data to be I~  than observed
Optimal = 0.0

v RMSE-observation Standard Deviation Ratio (RSR)
Standardized RMSE using observations standard deviation ratio
Optimal = 0.0



SWAT Calibration & Validation

e General Performance Ratings

Satisfactory Rating
(Monthly Time Step)

R? > 0.50

NSE > 0.50

PBIAS <+ 25% (Discharge)
<+ 55% (Sediment)
<+ 70% (Phosphorus)

RSR <0.70

Moriasi et al. 2007



Process Overview
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SWAT Model Outputs

e For each subwatershed
v Discharge (daily or monthly)
v Total Suspended Sediment (monthly)

v Dissolved and Total Phosphorus (monthly)
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Defining the proportion of sediment lost from the landscape vs. other |
sources (gully, ravine, bank, and channel) is difficult without a robust |
collection of bank and channel erosion measurements. SWAT has the
“ability to simulate sediment losses from both sources. Does anyone
have ideas of we might estimate the percent of TSS that originates from
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Mot SRR L7,

‘How would you try to quantify and simulate legacy phosphorus |
(phosphorus that is re-released, re-suspended, etc.) in the SWAT model?
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P 5

Currently the status of many of the SWAT model inputs are considered a |
work in progress. As details (inputs, calibration, etc.) of the watershed
modeling approach are worked out would technical memos posted on
the web be helpful for you reviewing our approach rather than waiting
for the final modeling report?
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