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SUMMARY

This tutorial reviews screens, icons, and basic functions for downloading flow, sediment, and nutrient
observations for a watershed of interest; how to prepare SWAT-CUP input files for SWAT parameter
calibration; and how to perform SWAT parameter calibration with SWAT-CUP. It demonstrates how to

Identify a USGS gaging station where flow, sediment, and nutrient data are available for a
watershed of interest.

Download flow, sediment, and nutrient observations associated with a USGS gage station.
Prepare SWAT-CUP input files for SWAT parameter calibration.

Calibrate SWAT parameters.

View SWAT parameter calibration results with SWAT-CUP.



SWAT Simulation and Calibration for Nutrient Fate and Transport

PURPOSE

Automate SWAT parameter calibration, as much as possible, with SWAT-CUP.

OBIJECTIVE

Prepare flow, sediment, and nutrient observation time series for SWAT parameter calibration; prepare
SWAT-CUP input files for SWAT parameter calibration; and perform SWAT parameter calibration with
SWAT-CUP

DEMONSTRATION

This tutorial reviews how to download flow, sediment, and nutrient observations for a watershed of
interest; how to prepare SWAT-CUP input files for SWAT parameter calibration; and how to perform
SWAT parameter calibration with SWAT-CUP. It demonstrates how to

e Identify a USGS gaging station where flow, sediment, and nutrient data are available for a

watershed of interest.

e Download flow, sediment, and nutrient observations associated with a USGS gage station.

e Prepare SWAT-CUP input files for SWAT parameter calibration.

o (Calibrate SWAT parameters.

e View SWAT parameter calibration results with SWAT-CUP.
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SOFTWARE ACCESS, RETRIEVAL, DOWNLOAD, AND INSTALLATION

Kim et al. (2016a) provide software access, retrieval, download, and installation instructions that must
be implemented prior to executing the tutorial. The authors review screens, icons, and basic functions of
the SDMProjectBuilder (SDMPB) and explain how to use SDMPB output to populate the Soil and Water
Assessment Tool (SWAT) input files for nutrient fate and transport modeling in the Salt River Basin. They
demonstrate how to choose and delineate a HUC-8 which includes the Salt River Basin; collect
environmental data used in watershed modeling; address isolated subwatersheds which are
disconnected from the waterbody network; modify a local data file to define an outlet point within a
HUC-8; and develop input files necessary to execute SWAT successfully. By following Kim et al. (2016a)
tutorial, appropriate folder structure and files associated with nutrient simulation and calibration are
created and saved, including initial execution and results of SWAT for flow and nutrient fate and
transport. SWAT-related software covered by Kim et al. (2016a) are summarized in Table 1.

Table 1. Summary of SWAT-related Software (after Kim et al., 2016a)

SOFTWARE PURPOSE SOURCE

0O:\Public\QMRA\Software for

SDMProjectBuilder SWAT input file generator Download\SDMPB

http://swat.tamu.edu/software/s

SWAT-CUP SWAT parameter calibration wat-cup)/
SWAT_SWATCUP.exe | SWAT-CUP input file generator Installed with SDMProjectBuilder
Input_SWAT.in Default input file of “SWAT_SWATCUP.exe” | Installed with SDMProjectBuilder

Updating “par_inf.txt” with new parameter

Update_par_inf.exe ranges after each SWAT-CUP iteration

Installed with SDMProjectBuilder

https://software.intel.com/en-
us/articles/redistributable-
libraries-of-the-intel-c-and-
fortran-compiler-for-windows

Library package for executing
FORTRAN Library SWAT_SWATCUP.exe and
Update_par_inf.exe



http://swat.tamu.edu/software/swat-cup/
http://swat.tamu.edu/software/swat-cup/
https://software.intel.com/en-us/articles/redistributable-libraries-of-the-intel-c-and-fortran-compiler-for-windows
https://software.intel.com/en-us/articles/redistributable-libraries-of-the-intel-c-and-fortran-compiler-for-windows
https://software.intel.com/en-us/articles/redistributable-libraries-of-the-intel-c-and-fortran-compiler-for-windows
https://software.intel.com/en-us/articles/redistributable-libraries-of-the-intel-c-and-fortran-compiler-for-windows

DOWNLOADING FLOW, SEDIMENT, AND NUTRIENT OBSERVATION TIME SERIES

This section describes how to obtain flow, sediment, and nutrient observations for the calibration
process. Kim et al. (2016b) describe how flow observations at USGS gage stations can be downloaded
and exported through BASINS, although the example used is with the HSPF watershed model. For SWAT
simulation and calibration, sediment and nutrient observations must be directly downloaded through
the Internet. Here, a process is outlined that gathers data from sources which may differ slightly due to
browser choice and its plug-in capabilities. The objective is to produce CSV-formatted files for use in
SWAT-CUP. This may require steps to save the data in native formats, perform ancillary processes (e.g.,
un-zip), import the data into a spreadsheet (e.g., Excel), and save the data in a CSV format.

Daily Discharge Data
1. To download flow data at USGS Salt River ab Reservoir nr Etna WY gage station (13027500), click the

following link to reach a USGS webpage:
http://waterdata.usgs.gov/nwis/inventory/?site no=13027500&agency cd=USGS

| hitp://waterdatausgs.gov/nwis/ O ~ C | 2Bl usGs 13027500 SALT RIVER...

=
USGS 13027500 SALT RIVER AB RESERVOIR NR ETNA WY A

— —
CAYETELIEREICR IR GTEE N SUMMARY OF ALL AVAILABLE DATA vj co _

Stream Site

DESCRIPTION:
Latitude 43°04'47", Longitude 111°02'14" NADS83
Lincoln County, Wyoming, Hydrologic Unit 17040105
Drainage area: 857 square miles
Datum of gage: 5,676 feet above NGVD29.
AVAILABLE DATA:
Data Type |Begin Date| End Date | Count
Current / Historical Observations  (availability statement) | 2007-10-01 | 2016-01-21 |
Daily Data
Temperature, water, degrees Celsius 1965-10-01 | 1995-09-16 3996
Discharge, cubic feet per secand 1953-10-01 | 2016-01-20 | 22757
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius | 1965-10-01 | 1966-09-30 363
Daily Statistics
Temperature, water, degrees Celsius [1993-06-23]1994-09-05] 171
Discharge, cubic feet per second [1953-10-01[2015-11-03] 22679
Monthly Statistics
Temperature, water, degrees Celsius | 1993-06 | 1994-09 |
Discharge, cubic feet per second | 1953-10 | 2015-11 |
Annual Statistics
Temperature, water, degrees Celsius 1993 1994
Discharge, cubic feet per second 1954 2016
Peak streamflow 1918-06-17 | 2014-05-29 62
Field measurements 1973-11-07 | 2015-12-15 327 v

£100% ~

2. Daily discharge data from 1953/10/01 to 2016/01/20 are available, including the simulation period
specified in Kim et al. (2016a), which is the precursor to this tutorial. Click “Daily Data” in the
“AVAILABLE DATA” table. The data at USGS gages are continuously updated, so more data may be
available when users access this site.


http://waterdata.usgs.gov/nwis/inventory/?site_no=13027500&agency_cd=USGS

raterdata.usgs.gov/nwis/ ,O > CJ 22| USGS 13027500 SALT RIVER...

=
USGS 13027500 SALT RIVER AB RESERVOIR NR ETNA WY A

— —

Stream Site

DESCRIPTION:
Latitude 43°04'47", Longitude 111°02'14" NADS83
Lincoln County, Wyoming, Hydrologic Unit 17040105
Drainage area: 857 square miles
Datum of gage: 5,676 feet above NGVD29.
AVAILABLE DATA:
Data Type |Begin Date| End Date | Count
Current / Historical Observations  (availability statement) | 2007-10-01 | 2016-01-21 |
’Dailﬁ Data)

Fature, water, degrees Celsius 1965-10-01 | 1995-09-16 3996
Discharge, cubic feet per secand 1953-10-01 | 2016-01-20 | 22757
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius | 1965-10-01 | 1966-09-30 363

Daily Statistics
Temperature, water, degrees Celsius [1993-06-23]1994-09-05] 171
Discharge, cubic feet per second [1953-10-01[2015-11-03] 22679
Monthly Statistics
Temperature, water, degrees Celsius | 1993-06 | 1994-09 |
Discharge, cubic feet per second | 1953-10 | 2015-11 |
Annual Statistics
Temperature, water, degrees Celsius 1993 1994
Discharge, cubic feet per second 1954 2016
Peak streamflow 1918-06-17 | 2014-05-29 62
Field measurements 1973-11-07 | 2015-12-15 327 v

£100% ~

3. The following page will appear.

2| http://waterdata.usgs.gov/nwis/ ,O - O 2 USGS Current Conditions fo...

» NWS River Forecasts

» Rating Information

Station operated in cooperation with Idaho Water District No.1.

Realtime Gage Height data is provided by U.S. Bureau of Reclamation (USBR) telemetry .

This station managed by the Idaho Falls Office. jake@usgs.gov; 208 529-4287..

Available Parameters Period of Record c’i“g”t 'I:"“at Days (365)
[ All 3 Available Parameters for this site o Grap! L]
20010 T N " OGraph w/ stats ——or -
oo E’";_E’aw‘l”e' water 1965-10-01 1995-08-16 C'Graph w/ meas Begin date
(Ins.Max.,Min.,Mean) O Graph w/ (up to 3) parms 20150120
¥l 00060 Discharge(Mean) 1953-10-01 2016-01-20  (Taple md dat
- nd date
¥ 00095 Specific cond at 25C(Ins.) 1965-10-01 1966-09-30 O Tab-separated 2016.01.30
Summary of all available data for this site
Instantaneous-data availability statement
Discharge, cubic feet per second
USGS 13627508 SALT RIVER AB RESERVOIR HR ETHA MY Add up to 2 more sites and replot v
o 2008 | - 1 for "Discharge, cubic feet per

®100% ~




4. Ensure that “Discharge(Mean)” is checked and other variables are unchecked. Select “Tab-
separated” for “Output format”, and set “Begin date” and “End date” as “1990-01-01” and “2000-
12-31”, respectively. “Begin date” and “End date” can be outside the simulation period as long as
they include it (1990-01-01 — 2000-12-31). Click “GO”.

2| Wtpwateidatausgsgowinwis/ O v G| 2| UsGS Current Conditions fo..

=
R R R B L. A
Station operated in cooperation with Idaho Water District No.1.
Realtime Gage Height data is provided by U.S. Bureau of Reclamation (USBR) telemetry .
This station managed by the Idaho Falls Office. jake@usgs.gov; 208 529-4287..
Available Parameters Period of Record ?,‘fg’“‘ fI:’"“‘“ Days (365)
[ All 3 Available Parameters for this site orap
00010 1 . N OGraph w/ stats —or --
] Smperature, water 1965-10-01 1995-09-16 Graph w/ meas Begin date
O Graph w/ (up to 3) parms 014
1953-10-01 2016-01-20 ph w/ (up )P E
nd date
[T 00095 Specific cond at 25C{Ins.} 1965-10-01 1966-09-30
2000-12-31
Summary of all available data for this site
Instantaneous-data availability statement
Discharge, cubic feet per second
USES 13827508 SALT RIVER AB RESERVOIR HR ETHA MY Add up to 2 more sites and replot
g 2000 for "Discharge, cubic feet per
g second"
4
H
§ A Add site numbers (@
:‘ Enter up to 2 site
% taoa numbers separ
- by a comma. A
1 number consists
E B to 15 digits
)
5 v
S o
®100% -

5. The following data table will appear in the browser.

a http://waterdata.usgs.gov/nwis/ p - C! 2= waterdata.usgs.gov

WARNING A
data you have obtained from this autemated U.S. Geological Survey database
e not received Director's approval and as such are pro and subject to
revision. The data are released on T dit that USGS nor the
ted States Government may be hel from its use.
Additional info: hvtp://help.waterdata.usgs.gov/pol data-statement

File-format descriptien
Rutomated-retrieval inf

ed-output
als

.waterdata.usgs.gov/fag/about-tab-de
.waterdata.usgs.gov/fag/automated-recr

Contact:  gs-w_support_n
retrisved: 2016-01-21 15:20:

Data for the follo
USGS 13027500 SAl

Data provided for site 13
DD parameter statistie Description
02 00080 00003 Discharge, cubic feet per second (Mean)

Data-value gualification
A Approved for pub.
e Value has been estimated.

this output:
g and review completed.

B T T T

agency_ca

ne datetime 02_00060_00003 02_00060_00003_cd

53 14n 103
Uses 1980-01-01 415 a
Uses 1980-01-02 a
Uses 1980-01-03 a
Uses 1980-01-04 a
UsGS 1920-01-0% a
UsGS 1920-01-06 a
UsGs 1920-01-07 a
UsGS 1920-01-08 a
UsGS 1920-01-0% a
UsGS 1990-01-10 2
UsGS 1990-01-11 2
UsGS 1990-01-12 2
UsGS 1990-01-13 2
UsGS 1990-01-14 2
Uses 1980-01-15 a
Uses 1980-01-16 a
Uses 1980-01-17 a
UsGS 1980-01-18 : v

UsGS 1920-01-1%

®100% ~




6. Right-click on the webpage, and select “Export to Microsoft Excel”.

= | http/waterdatausgsgovinwis/ O ~ C | = waterdata.usgs.gov

3
Back
ARNING A
data you have cbtained from this automated U.S. Geological Survey database
not received Director's approval and as such are provisional and subject to
data are released e condition that neither the USGS nor the
dsmages re from its use.
data-statement
File-format descripti lp.waterdata.usgs.gov/fag/about-tab-deli
Zutomated-retrieval p.waterdata.usgs.gov/fag/automated-retr
Contact: gs-w_support_n webBusgs.gov Select all
retrieved: 2016-01-21 15:20:22 ST (caww0l)

Data for the follo
U5G5 13027500 SA

1 =ite(s) are contal in this f£i
RIVER AB RESEIRVOIR NR ITNZ WY

Q

R T R e R T R T A A e

5%| Translate with Bing
Data provided for site 13027500
DD parameter statistic Description All Accelerators 4
02 00060 00003 Discharge, cubic feet per second (Mean)
Create shortcut
lification codes is output:
A Approved for publicatio: ng and review completed. Add to favorites...
& Value has been estimated. -
View source

gency_ecd site no datetime 02_00060_00003 02_00060_00003 cd Inspect element
s z0d l4n 10=
USGS 1520-01-01 215 2 .
U563 1350-01-02 420 2 Encoding 4
UsGs 1890-01-03 410 2
UsGs 1820-01-04 412 2 Print...
UsGs 1820-01-05 417 2 i i
uses 1290-01-06 397 2 Print preview...
USGS 1820-01-07 201 2
USGS 1880-01-02 452 2 it
UsGs 1890-01-0¢ 427 2
UsGs 1890-01-10 416 2
USGS 1880-01-11 215 2
UsGs 1890-01-12 417 -y Send to OneNote
UsGs 1890-01-13 420 2
UsGs 1990-01-14 422 EY Properties
UsGs 1890-01-15 426 2
UsGs 1290-01-16 420 2
USGS 1820-01-17 213 2
USGS 15%0-01-18 408 ::: (V]

UsGs

1990-01-19 397

£100% ~

7. The following window will appear. Click “Import”.

Address: | http://waterdata.usgs.gov/nwis/dv?cb_00060=on&format= rdbE

Click [#] next to the tables you want to select, then click Import.

WRARNING
The data you have obtained from this automated U.S. Geological Survey ¢
have not received Director's approval and as such are provisional and
revision. The data are released on the condition that neither the USG:
United States Government may be held liable for any damages resulting
2dditional info: http://help.waterdata.usgs.gov/policies/provisional-d:

File-format description: http://help.waterdata.usgs.gov/faqg/about-tab-
Zutomated-retrieval info: http://help.waterdata.usgs.gov/fag/automated

Contact: gs—w_support_r_wisweb@usgs . gov
retrieved: 2016-01-21 11:332:38 EST (vaww02)

Data for the following 1 site(s) are contained in this file
USGS 12027500 SALT RIVER AER RESERVOIER NR ETNA WY

Data provided for site 13027500

n




8. On the following window, click “OK”.

Where do you want to put the data?
(@) Existing worksheet:

=5A%1

() New worksheet

Properties... | | Cancel

9. These data must be imported into an Excel spreadsheet. If the “Export to Microsoft Excel” menu is
not available in the browser, data must be manually copied from the webpage and pasted to the
spreadsheet. Now save the Excel file. In this example, the file is saved as
“C:\Temp\SDMProject\SaltRiverID\HUC8\Scenarios\17040105\Flow_13027500.csv”. The file can be
saved in any other folder with a different name.

T x

‘(-: - . | , = SDMProject » SaltRiverID » HUC8 » Scenarios » 17040105 » v Search 17040105 e

Organize = MNew folder

HSPF n Name Date modified Type
HSPF-PES

Scen 1/12/2016 11:59 A..  File folder
hucl2

TablesIn 1/12/2016 11:59 A..  File folder
TablesOut 1/12/2016 11:59 A..  File folder
TxtInOut 1/12/2016 11:59 A File folder

LocalData
met
NHDPlus
NLCD 3
pcs
Scenarios
1704010

—
LY R

File name: Flow_13027500.csv

Save as type: |CSV (MS-DOS) (*.csv)

Authors: Keewook Kim Tags: Add a tag

+ Hide Folders Save ‘l Cancel ‘




Sediment Data

10. To download sediment data at USGS Salt River ab Reservoir nr Etha WY gage station (13027500),
click on http://cida.usgs.gov/sediment/#, which results in the following USGS webpage.

- B X
| hitp//cidausgs.gov/sediment/# O ~ € | 2 usGs Sediment Data Portal % fx g
‘ =3
=

-

science for a changing world
Apply Filter  Clear Filter Download Data

Boundary Filters
5 Basin Boundary:® (_____
B i = Ecoregion Level 2 Number:
2“’"“@& Hue:
World Image g
Overtays States: |Select a State

Mo
M states Min Years of Daily Data:
I Counties Min Discrete Samples:
W Hucs Year Range: between

M NHD Flowines

USGS Sediment Data Portal

M Ecoregion Level 2

I USGS Basin Boundaries
¥ Daily Sites USGS Station

¥ Discrete Sites. USGS Station Name:
M National Inventory of Dams Drainage Area (mi?): between (_____
and
Soil K-Factor: between
and

R-Factor: between
and

Soil Permeability: between

wxnaf Discrete
MEXICO i vane @ Discrete suspended-sediment sites and
~ of 7-26-15. Point size is Urban Land Use (%): between
TN @ Proportionsito mumbes of samples. e
Ag Land Use (%): between
Daily d
Belmopan JANATC S an
Q Daily suspended-sediment sites
© y susp :
001 o O St o ziavis o e Porsstiand Ues O stnesn [
P S | BerE : and
| Site Legend

Accessibility  FOIA __ Privacy __Policies and Notices
11.S. Denartment of the Interior | 11.S. Gealoaical Survev

#100% v

11. Within the “Boundary Filters” section, type the USGS gage station ID “13027500” for the “Basin
Boundary”, then click “Apply Filter”.

USGS Home
Contact USGS
Search USGS

ata Portal Apply Filter  Clear Filter Download Data

Boundary Filters
Basin Boundary: @ [13027500] )
(]

Fnes L oyer Ecoregion Level 2 Number:

O Topographic:

® Worid image
Overtays

M nco

M states Min Years of Daily Data: (___J

M Counties Min Discrete Samples: ()

W hucs Year Range: between [

I NHD Flowiines d

M Ecoregion Level 2

I USGS Basin Boundaries
¥ Daily Sites )
¥ Discrete Sites USGS Station Name: ()
[ p— - Drainage Area (mi?): between ()
and ()
Soil K-Factor: between ()
and ()
R-Factor: between ()
and
Soil Permeability: between ()
Havana Discrete suspended-sediment sites andl ]
S| @ oI E I e Urban Lond lee (6]- between ]
. i and ()

Ag Land Use (%): between ()

#sHAl Discrete
MEXICO

(Belmopan JAMATC Da"yn i T and
aily suspended-sediment sites '

& g o curen ot P Forest Land Use (%): between

@ Peoeciionat o yeurs of svetebte doto and

Site Legend

policies and Notices v
e Tnterior | 11.S. Geoloaical Survev "

%®100% ~v
=]
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http://cida.usgs.gov/sediment/

12. A purple circle (highlighted with a red open circle in the picture below) will appear at the gage
station’s location. Click “Download Data”

% http://cida.usgs.gov/sediment/# 9 v O 2Z| USGS Sediment Data Portal

USGS Sediment Data Portal

Apply Filter

Clear Filter Download Data

rs
z >
e o S 9 (13027¢
Vancow ey ° < e = Ecoregion Level 2 Number:
S ley TR o O Topographic ;
Seatlle P L @ World Image HUC:
2 - 5 y G States: |Select a State
Montreal [ —
y ¥ 2 Mnico Data-Characteristic Filterd
z M states Min Years of Daily Data:
G > M Counties Min Discrete Samples:
» & M Hucs Year Range: between
; \ d M NHD Flowlines and
“EENITED ST,ATES b 5
o Il Ecoregion Level 2 Site-Characteristic Filters]
. ;‘* M USGS Basin Boundaries Hydrologic Benchmark Sites: [
<k ¥l Daity Sites USGS Station ID:
' Q‘P X ¥ Discrete Sites USGS Station Name:
o | » GAllanta I National inventory of Dams Drainage Area (mi?): between
o s and
Soil K-Factor: between
Houston and (.
R-Factor: between
i and
Miami " -
o — Soil Permeability: between
bl #anal Discrete e :
MEXICO Havana @ Discrete suspended-sediment sites
o @ e Urban Land Use (%): between (_____
Webico CUBA @ Proportionsl to number of samples. and
W Ag Land Use (%): between
geimenan JAMALC DalIvDa“Y suspended-sediment sites apd
| 1 Guatemala roportional o years of available dat
500 mi 5 @ erop ¥ and
Site Legend
Accessibility FOIA Privacy Policies and Notices v
11.S. Denartment of the Tnterior | 11.S. Geoloaical Survev s B 2
>
I 1 100% ~

13. The following prompt window appears in the browser.

Sediment Data Download

Hover over (?) for assistence.

| Daily Flow and Sediment Data (?)

Discrete Sample Data (?)
[ |Include Daily Flow (?)

[ | Site Attribute Information Only (?)

File Format: v1(?)

[ | Direct Download (?)
Email Address: (?)

[

(Download Data) [Cancel)

11



14. Select “csv” for “File Format”, check “Direct Download”, and include your Email address in the text
box for “Email Address”. Click “Download Data”.

Sediment Data Download

Hover over (?) for assistance.

| Daily Flow and Sediment Data (?)

Discrete Sample Data (?)
[ | Include Daily Flow (?)

|| Site Attribute Information Only (?)

(Download Data) [Cancel)

15. A download prompt will appear in the browser, asking if you want to open or save a zip file.
-3 X

6' 2| nttp://cidausgs.gov/sediment/# O ~ O | 2 USGS Sediment Data Portal % frx

— - = T
science fm achanging wurld - 3 oy —
USGS Sediment Data Portal Apply Filter  Clear Filter Download Data
Boundary Filters
Basin Boundary: 9 (13027
Benell myes R [= Ecoregion Level 2 Number:
v Q Topographic i
s : @ Worid image HUC:
\ 2 Ovarians States: |Select a State
b r.ak Montreal e
b i 1, ’ 4 ) Mnieo Data-Characteristic Filters
¥ 1A 4 & M states Min Years of Daily Data:
> Ay § M Counties Min Discrete Samples:
& a S )0 M Hucs Year Range: between
M NHD Flowlines. and
“EENITED STATES < 3 ] n =
Ao % e Site-Characteristic Filters)
o L ;f\ ez ynoto M uSGS Basin Boundaries Hydrologic Benchmark Sites: [
NJ W] Daily Sites USGS Station ID:
i Q‘? X ¥ Discrete Sites USGS Station Name:
= Dail P Allanta M National inventory of Dams. Drainage Area (mi?): between
yallas
e and [
Soil K-Factor: between
Houston and
R-Factor: between
e and ([
Miam
Gulf of Mexico o > Soil Permeability: between
k ek #anAl Discrete e [:
MEXICO Havana @ Discrete suspended -sediment sites
3 ® §7-26-15. Point size is Urban Land Use (%): between
o CUBA ° Proportional 4 mumber of Samples and
(g,lty‘ Ag Land Use (%): between :
_Belmopan JA MATE DB"VD ) et sediment sit and
a aily suspended-sediment sites .
o e sy et sdmensss || Foresand e (): between (——
Guatemala rtional t f available data.
lWTnli_l & proportional to years of svatable and
X Site Legend
Accessibility FOIA Privacy Policies and Notices (V]
-
Do you want to open or save data.zip (5.75 KB) from cida.usgs.gov? Save Dt Cancel 7)
100% ~

12



16. Click |, to the right of “Save”, then select “Save as”.

AY Laing use | 0 ). pelvwesn

and

Forest Land Use (%): between
and

nded-sediment sites

5 of 01-21-2016. Point size
o years of available data.

Site Legend
Save

Open b Save and open

===

-

17. Here, the file is saved as
“C:\Temp\SDMProject\SaltRiverID\HUC8\Scenarios\17040105\Sediment.zip”. The file can be saved
with a different name in any other folder.

<« QS(C) » Temp » SDMProject » SaltRiverID » HUC8 P Scenarios » 17040105 » yel

New folder

QOrganize ~
Manitowoc_S *
SaltRiverlD

HUC8
HSPF
HSPF-PES
hucl2

LocalData

Name Date modified Type

1/12/2016
1/12/2016 11:
1/12/2016
1/12/2016 11:59 A F

Scen File folder
TablesIn
TablesOut

TxtInOut

File folder
File folder

e folder

met
NHDPlus
NCD (=
pes
Scenarios
1704010
Watershec
HUC8_0km ~

File name: Sediment.zip -

Save as type: |zip Archive (*.zip) v]

# Hide Folders

Organize = ¥ Open Share with ~ Print Burn New folder ~ 1 1]
SaltRiverlD = Name Date modified Type Size
HUC8
Scen 1/12/2016 11 File folder
HSPF
TablesIn 1/12/2016 11 File folder
HSPF-PEST
TablesOut 1/12/2016 11: File folder
huc12
TxtinOut 1/12/2016 11: File folder
LocalData o
2 “a) discrete_data.csv 1/21/2016 11:31 A..  Microsoft Excel Co... 18KB
me
4] discrete_sites.csv 1/21/2016 11:31 A..  Microsoft Excel Co. 4 KB
NHDPIlus —=
“] Flow_13027500.xlsx 1/21/2016 9:41 AM  Microsoft Excel W... 32 KB
NLCD
= - | Sediment.zip 1/21/2016 10:35 A..  zip Archive 6 KB
pcs
Scenarios
17040105
Watershed
HUC8_0km
X 2 items selected Date modified: 1/21/2016 11:31 AM Date created: 1/21/2016 10:35 AM
T Size: 209 KB
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Nutrient Data

19. To download nutrient data at the USGS Salt River ab Reservoir nr Etna WY gage station (13027500),
click http://nwis.waterdata.usgs.gov/usa/nwis/qwdata, and the following USGS webpage will
appear.

.walerdala.usgs.gov/i D - O 22 USGS Water Quality Sampl.

USGS Home
Contact USGS
earch USGS

science for a changing werid

nal Water Inform: n System: Web Interface

Geour

Data Categor raphic Arca:
Water Quality v [l United States

© Click to hide News Bulletins

August 8, 2013

Try our new Mobile-friendly water data site from your mobile device!
New |mpro¥ed user interface.

o Full News &)

Water Quality Samples for the Nation

Some complex retrievals may take a few minutes.

Choose Site Selection Criteria
There are 404,868 sites with water-quality data. Choose at least one of the following criteria to constrain the number of sites

selected.
Site Site Site Data
-- Location -- -- Identifier — -- Attribute — -- Attribute * —-

[ @ State/Territory [ @Site Name [J @ Site type 1 @ Number of observations

[ @ Hydrologic Region [ @ Site Number [J @ Drainage area [ @ Period of record

[ @& Lat-Long box [0 @ Multiple Site Numbers [ @ Well depth [ @ Sample medium type
[J @ Agency Code [J @ Hole depth [1 @ Parameter Codes
[ @ File of Site Numbers [0 @ National aquifer (by code) [1 @ File of Parameter Codes

[J @ National aquifer (by name) [] @ Parameter groupings V|

®100% ~

20. Check “Site Number” under “Site Identifier” and “Parameter Codes” under “Data Attribute”, and
click “Submit”.

g http://nwis.waterdata.usgs.gov/\ p -G 2| USGS Water Quality Sampl.

[
A
© Click to hide News Bulletins
* August 8, 2013
« Try our new Mobile-friendly water data site from your mobile device!
« New improved user interface
o Full news B
Water Quality Samples for the Nation
Some complex retrievals may take a few minutes.
Choose Site Selection Criteria
There are 404,981 sites with water-quality data. Choose at least one of the following criteria to constrain the number of sites
selected.
Site Site Site Data
-- Location —- -- Identifier -- -- Attribute - -- Attribute * --
[ @ State/Territory [u] ite Name [ @ Site type [J ® Number of observations
[] @ Hydrologic Region [+ @ Site Number [ @ Drainage area [ @ Period of record
[ @ Lat-Long box ultiple Site Numbers [ @ Well depth [ ®™Sa medium type
[1 @ Agency Code [J @ Hole depth
[ @ File of Site Numbers [ @ National aquifer (by code) e of Parameter Codes
[0 @ National aquifer (by name) [0 @ Parameter groupings
* Selection of more than one data attribute will include all samples that meet all conditions selected.
Questions about sites/data? Data Tips
Feedback on this web site Explanation of terms v
Automated retrievals Subscribe for system changes
http://help waterdata.usgs.gov/codes-and-parameters/codes#param_group ®100% ~
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http://nwis.waterdata.usgs.gov/usa/nwis/qwdata

21. The following screen will appear.

s atEats usgsoovl SO = (1| = USGS Water Quality Sampl..

~

science for a changing world

© Click to hide News Bulletins

« August 8, 2013

« Try our new Moblle-friendly water data site from your mobile device!
« New improved user interface.

o Full News B

Water Quality Samples for the Nation
Some complex retrievals may take a few minutes.

Select sites that have samples which meet the following criteria:
Define one or more values for each of the following site-selection criteria: -— or select new criteria

@ Site Number -- enter a full or partial site ID (optional)
® exact match match from the start match any part

A Parameter Codes -- enter one or more parameter codes separated by a comma. A parameter code consists of 5 digits. (Limit: 200 codes) (Help
finding a

Logic to link parameters: v

4 0000 >
% 100% +~

22. Place the USGS gage station ID (i.e., 13027500) in the blank for “Site Number”; place parameter
codes “00060” for discharge, “00061” for instantaneous discharge, “00600” for total nitrogen, and
“00665” for total phosphorus in the text box for “Parameter Codes”; and select “Sites must have at
least one parameter code listed”.

ﬁ hittpnwiswaterdatausgsgovi O ~ O | | UsGS Water Quality Sampl...

e
= August 8, 2013 ~
« Try our new Mobile-friendly water data site from your mobile device!
* New improf\{ed user interface.
* Full News B

Water Quality Samples for the Nation

Some complex retrievals may take a few minutes.

Select sites that have samples which meet the following criteria:
Define one or more values for each of the following site-selection criteria: --- or select new criteria

@ Site Number -- enter a full or partial site ID (optional)
js0zrs00] | ® exact match O match from the start O match any part

@ Parameter Codes -- enter one or more parameter codes separated by a comma. A parameter code consists of 5 digits. (Limit: 200 codes) (Help

Logic to link parameters:

@® Sites must have at least one parameter code listed (OR)

Choose Output Format
Display Summary of Selected Sites
Choose one of the following options for displaying descriptions of the sites meeting the criteria above:

© @ Show sites on a map e
A Tahla Af cibae Aranmad o [ Ol

®100% ¥
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23. Scroll down, and select “Tab-separated data”, then click “Submit”. Ensure that pull-down menus are
selected, as shown below.

s.waterdata.usgs.gov/t D - G 22| USGS Water Quality Sampl...

I

@ Retrieve samples for specified parameter values: [ | (Parameter Code) [Greater than
Samples and parameters to include:

Samples that include only above parameter selection criteria (Count: 0)
® Samples that include above selection criteria and all associated parameters

O Samples that include above selection criteria plus one or more of these parameter codes separated by a comma (Limit: 200 codes)

~ | (Numeric Value)

<--Find parameter codes

O Samples that include above selection criteria plus one or more of these parameters in a file
Enter the full pathname of a file containing parameter codes. (Limit: 200 codes)
Browse.

@ Table of data [Default aftributes v
Tab-separated dati [One sample per row with remark codes combined with values | [Default attributes | [YYYY-MM-DD V| [Save to file

v\ﬂl

* Save compressed files with a .gz file extension.

Questions about sites/data? Data Tips

Feedback on this web site Explanation of terms
Automated retrievals Subscribe for system changes
Help News

Plug-Ins

Privacy Policies and Notices

U.S. Department of the Interior | U.S. Geological Surve fW’SAgov
Title: Water Quality Samples for USA: Sample Data L e
URL: http://nwis.waterdata.usgs.gov/nwis/qwdata?

Page Contact Information: USGS Water Data Support Team

#100% ~

24. A download prompt will appear in the browser.

s.waterdata.usgs.gov/ p hd G 2&| USGS Water Quality Sampl...

=

Retrieve samples for specified parameter values: [ | (Parameter Code) [Greater than
Samples and parameters to include:

Samples that include only above parameter selection criteria (Count: 0)
Samples that include above selection criteria and all associated parameters

O Samples that include above selection criteria plus one or more of these parameter codes separated by a

> | (Numeric Value)

comma (Limit: 200 codes).

<--Find parameter codes

O Samples that include above selection criteria plus one or more of these parameters in a file
Enter the full pathname of a file containing parameter codes. (Limit: 200 codes)
Browse.

0 B Table of data [Default atiributes v

@ Tab-separated data [One sample per row with remark codes combined with values | [Default attributes.

~| [YYYY-MM-DD V| [Save to file | %

* Save compressed files with a .gz file extension

Questions about sites/data? Data Tips
Feedback on this web site Explana
Automated retrievals

Help

D of terms
Subscribe for system changes
News

Accessibility Plug-Ins Privacy
U.S. Department of the Interior | U.S. Geological Surve:

: - TSA.gov,
Title: Water Quality Samples for USA: Sample Data ' -
URL: http://nwis.waterdata.usgs.gov/nwis/qwdata?

Policies and Notices

— v
Page Contact]
<

Do you want to open or save qwdata from nwis.waterdata.usgs.gov?

Open Save . Cancel >
100% -
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25. Click L, to the right of “Save”, then select “Save as”.

Subscribe tor system changes

News
USA.gov.
Save \
Open bt Save and open —

26. In this example, the file is saved as
“C:\Temp\SDMProject\SaltRiverID\HUC8\Scenarios\17040105\Nutrient_13027500.txt”. The file can
be saved with a different name in any other folder.

B X

Organize ~ New folder

Manitowoc £+ Name Date modified Type
SaltRiverID
HUC8
HSPF
HSPF-PES
hucl2

Scen 1/12/2016 11:59 A..  File folder

TablesIn 1/12/2016 11:59 A..  File folder

TablesOut 1/12/2016 11:59 A..  File folder

I TutInOut 1/12/2016 1159 A...  File folder
“h) discrete data.csv 1/21/2016 11:31 A..  Microsoft Excel Co..
#h] discrete_sites.csv 1/21/2016 11:31 A..  Microsoft Excel Co..
ﬂj Flow_13027500.xlsx 1/21/2016 9:41 AM Microsoft Excel W...

EI Sedimentzip 1/21/2016 10:35 A..  zip Archive

LocalData

met

NHDPlus

NLCD

pes

Scenarios

| 1704010

Scen
Tablesl ~

File name: Nutrient_13027500.txt

Save as type: |All Files (*.#)

= Hide Folders Save ll Cancel l

27. Open “Nutrient_13027500.txt” in Excel, and save it as “Nutrient_13027500.csv”.
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PREPARING SWAT-CUP INPUT FILES FOR SWAT PARAMETER CALIBRATION

28. Parameter calibration will be performed using daily observations. For this, create a new folder
(“\SWAT\”); in this case, it was created under “C:\Temp\SDMProject\SaltRiverID\HUC8\".

Organize ~ —J Open Include in library ~ Share with ~ Burn New folder

A

SaltRiverlD i Name Date modified
HUCg
HSPF
HSPF-PEST
hucl2

HSPF /12/2016 File folder
HSPF-PEST /12/2016 8:26 AM File folder
hucl2 /12/2016 8:26 AM File folder
LocalData J/12/2016 12:00 PM  File folder
LocalData
met J12/2016 840 AM File folder
NHDPlus /12/2016 8:32 AM File folder
NLCD /12/2016 8:33 AN File folder

met
NHDPlus
NLCD

pcs

pcs J12/2016 8:31 AM File folder
Scenarios J12/2016 11:59 A..  File folder
SWAT /2172016 1:42 PM File folder
Watershed f12/ File folder

“:] 17040105.mdb J12/2016 11:59 A..  Microsoft Access ...

Scenarios

SWAT

Watershed
HUCSE_Okm

* | 4

SWAT Date modified: 1/21/2016 1:42 PM
File folder

29. Move the following files, including observations, to
“C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\”". If you saved these files under different names,
you should move them with your naming convention.

Organize ~ [ Open Share with ~ Print Burn New folder

S

SaltRiverlD i Name Date maodified Type
HUCS8
HSPF
HSPF-PEST
hucl2

“h] discrete_data.csv 1/21/2016 11:31 A.. Microsoft Exce
“a] discrete_sites.csv 1/21/2016 11:31 A..  Microsoft Exce
“4) Flow_13027500.csv 1/21/2016 1:23 PM Microsoft Exce

“a] Nutrient_13027500.csv 1/21/2016 1:29 PM Microsoft Exce
LocalData

met
NHDPlus
NLCD

pcs

Scenarios
17040105

SWAT

Watershed

4 items selected Date modified: 1/21/2016 11:31 AM Date created: 1/21/2016 144 PM
Size: 767 KB

=
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Generate a New SWAT-CUP Project

30. A new SWAT-CUP project must be generated, so open SWAT-CUP by double-clicking (left) on the
icon. If the icon cannot be found on the Desktop screen, locate SwatCup.exe on the hard drive,
typically in C:\SWAT\SWAT-CUP\.

CUP
(2

SWAT-CUP

31. The following SWAT-CUP window will appear.

@H o - SWAT-CUP _ o x
@ | vome | Porallel Processing | utilty Programs | Layout ~ @
% cut ndo Fin ext Bookmark H save A H (gl ol = 3 <
. - i @ i b @ ~
B oo mark | 1 Save A s o« ~
o o Calibrate... ~ Save Treration  Vslidate...  Frint  Advanced | Close  Help About License and
* Delete Wl’ltmg A Activation ¥
Edit Calibration - Validation Print | Tools | Window Help

Parallel Processing License Status: Limited

32. At the top-left of the window, select “ a >New”.
o= N
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33. The “New Project Wizard” window will appear. Click “Next”.

Welcome to the SWAT-CUP
project creation Wizard

This wizard will help you to create a SWAT-CUP project step by
step

34. The screen below appears. SWAT input files are located at “TxtInOut Location”; this location must be
specified, so click “Browse...”.

Import a swat TxtlnOut directory

Flease Browse a swat TxtInOut directory as data source of your project to import '\’

Browse...

TxtInOut Location:

20



35. A window like the following will appear.

Please choose a TxtInOut Folder

=Ml Desktop
A Computer

= BD-RE Drive (D:)

+» Local Disk (E:)

> Removable Disk (F:)
[ ez Removable Disk (G:)
> Removable Disk (H:)
> Removable Disk (I:)
[Fz External Hard Drive (J:)
54 Control Panel
B R KKim
e
2

i ] Libraries
g ﬁ; Netwaork

- % Recycle Bin
£} direct-land-use-change-assessment-tool-(version-2014-1-21-january-2014).xdsx
e, Flow

Cancel

36. In this example, browse to
“C:\Temp\SDMProject\SaltRiverID\HUC8\Scenarios\17040105\TxtInOut\”, then click “Open”.
Alternatively, browse to the location of previously created SWAT TxtInOut directory.

TxtInOut Folde

Please choose a TxtInOut Folder

= | SDMProject B
BoiseRiverID
Manitowoc
Manitowoc_MET
Manitowoc_NLDAS
Manitowoc_SWAT
SaltRiverlD

=) Hucs

HSPF

HSPF-PEST

[~ | huciz

- LocalData

-
- BB -

[

met

[E2) NHDPlus

- NLCD

pes

= Scenarios

B | 17040105
Scen
TablesIn

m

: blasd
SWAT
[+~ | Watershed
HUCB_0km
HUC8_10km
HUCB_15km
HUC8_30km -~

-
BB

Open Cancel
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37. The SDMProjectBuilder was originally designed to prepare input files for SWAT 2005, but SWAT
2005 is also compatible with SWAT 2009; therefore, select “2009” for “SWAT Version” and “64-bit”
for “Processor Architecture”. “32-bit” can be selected, if using a 32-bit Operating System (OS). Click
“Next”. Note that SWAT input files generated by the SDMProjectBuilder are not compatible with
SWAT2012.

SWAT Version
Please choose the SWAT Version.

SWAT Version:

Processor Architecture:

38. The following window appears. There are different calibration algorithms that can be used within
SWAT-CUP; for the purpose of this tutorial, we will only use Sufi2 for calibration of SWAT. Select
“Sufi2” for “Project type”. Details of project types in SWAT-CUP can be found in Abbaspour (2014).
Click “Next”.

Project Type

Choose the calibration method for project

G

Cancel
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39. The following screen appears. Define “Project Name” (in this case, “SaltRiverHUC8"), and browse to
the “Project Location” of “C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\. SWAT-CUP generates a
new folder with the “Project Name” in the “Project Location”. Here, the project will be generated in
“C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\SaltRiverHUC8.Sufi2.SwatCup\”. Click “Finish”.

Project Name and Location '/e
Please choose the project name and location to create in b =
Project Name:
SaltRiverHUCS .Sufi2. SwatCup

Proj Location:
C:\Temp\SDMProject\SaltRiverID \HUCB\SWATI Browse...

40. SWAT-CUP will copy SWAT input files from the “TxtInOut” folder to the project folder. Depending on
the size of the project, this could take minutes to hours. This example took only a few minutes.

Copying 4,488 items (6.92 MB)

from 17040105 (C\Te..\17040105) to SWAT (C\Temp\..\SWAT)

™ More details

41. After files have been copied, the project will appear in the SWAT-CUP window.

) 5 - - @ x
@ | vome | PoralleiFrocessng | Uity Progroms | Layout -~ 9
* a C] 1 . A .
: : # K @ & 2 ¢ 00 &
- Calibrate... Save Reration  Validate... Advanced Help  About License and
® Writing Adtivation =

GERch @ HRU 84 Sub

= [ setmwerucs

Calibration Inputs

- [l executable Files
Calibration Outputs

i @B sensitvty analyss

i+~ (@ Meps

- N Uity Programs

— €2 neration istory

Farallel Processing License Status: Limited ~ SWAT Version: 2009, Processor Architecture: 64-bit
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Prepare SWAT-CUP Input Files

42. SWAT-CUP input files need additional preparation, but must be copied from
“C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT-SWATCUP\” to
“C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\”

o “SWAT_SWATCUP.exe”
e “Input_SWAT.in"
e “Update_par_inf.exe”
Descriptions of these and related files are provided in Table 2.

» Computer » OS(C:) » Temp » SDMProject » SaltRiverID » HUCE » SWAT » - Search SWAT

Organize ~ | Open Share with ~ Burn New folder

=

SaltRiverID o Name Date modified Type
HUC8
HSPF
HSPF-PEST
hucl2

LocalData

SaltRiverHUC8.5ufi2 SwatCup 2/23/2016 415 PM File folder
*4) discrete_data.csv 1/21/2016 11:31 A..  Microsoft Exce
“h) discrete_sites.csv 1/21/2016 11:31 A..  Microsoft Excel
“h) Flow_13027500.csv 1/21/2016 1:23 PM Microsoft Excel
Input_SWAT.in 3/8/2016 M INFile
“a] Nutrient_13027500.csv 2/1/2016 11:21 AM  Microsoft Excel C
5 | SWAT SWATCUP.exe 4/11/2016 314 PM  Application

met
NHDPIlus
NLCD
pcs
Scenarios
SWAT
Watershed
HUC8_Okm

] Update_par_inf.exe 4/11/2016 3:23 PM Application

b | L}

i s 3items selected Date modified: 3/8/2016 10:49 AM - 4/... Date created: 2/3/2016 2:38 PM - 4/11/2016 3:32 PM
Size: 83.4 KB

Table 2. Descriptions of Selected Files

FILE DESCRIPTION
is the file used in the calibration process and contains ranges in
par_inf.txt parameter values that are within acceptable minimum and maximum
values
contains suggested updated ranges in parameter values computed by
new_pars.txt SWAT-CUP without considering whether the values are outside of the

minimums and maximums defined in “Absolute_SWAT_Values.txt”

identifies acceptable minimum and maximum value ranges for all SWAT

Absolute_SWAT_Values.txt parameters and is a part of SWAT-CUP

SWAT_SWATCUP.exe prepares SWAT-CUP input files

is a default input file of “SWAT_SWATCUP.exe”, includes acceptable
ranges for calibration parameters (i.e., subset of
“Absolute_SWAT_Values.txt”), and are the same as those included in
“Absolute_SWAT_Values.txt”

Input_SWAT.in
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reads suggested parameter ranges, compares them to acceptable
minimums and maximums, modifies suggested parameter ranges within
acceptable bounds, and stores updated ranges in “par_inf.txt” for the
next iteration

Update_par_inf.exe

Is created by “Update_par_inf.exe”, and stores the original acceptable
par_inf_init.txt ranges defined in “Input_SWAT.in” for use after the first calibration
iteration

43. Save a copy of “Input_SWAT.in” to another folder for future use. Open “Input_SWAT.in” with a text
editor, since it needs to be reviewed and updated. In this example, parameters for flow, sediment,
and total phosphorus will be calibrated.

File Edit Format View Help
1990 Isimulation start year

1995 ISimuTlation end year
1 1# of years for model warm up

1000 1# of parameter sets

Flow IParameter group
25 l# of parameters
CN2 relative -0.2
ESCO replace
SURLAG replace
ALPHA_BF replace
GW_REVAP replace
CH_N2 replace
CH_K?2 replace
CANMX replace
GWQMN g replace
SOL_AWC() relative
BIOMIX replace
SLSUBBSN relative
GW_DELAY replace
SOL_KQO) relative
REVAPMN replace
EPCO replace
SFTMP replace
SMFMN replace
SMFMX replace
SMTMP replace
TIMP replace

.05
.02

|
=) |

|
(o]
[ e el e o o o o s o I s e o e s e o o o

4

Ln 20, Col 39

44. Under the “Nutrient” parameter group,
e change “TNTP” in line 50 to “TP”
* remove parameters for nitrogen
e update the “# of parameters” to “13".
Save and close “Input_SWAT.in"”. Parameter definitions can be found in the SWAT Input/Output
Documentation (Arnold et al., 2012) or in the “Absolute_ SWAT_Values.txt” file, generated in the
SWAT-CUP project folder.
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File Edit Format View Help

LAT_SED hru replace
RSDIN hru replace
ADI_PKR bsn replace
PRF_BSN bsn replace
USLE_C{1-121} plant.dat relative
USLE_P mgt replace
USLE_K(Q) sol relative
SPCON bsn replace
SPEXP bsn replace
CH_Covl rte replace
CH_COoV2 rte replace

(%]
=
o
o
o
(=]

(%]

coROooooooo0O
[==]
HOROoOOROMNMN

Nutrient IParameter group
ITN or TP
13 '# of parameters
PPERCO replace
RSDCO replace
PHOSKD replace
P_UPDIS replace
PSP replace
BC4 replace
ERORGP replace
SOL_LABP() replace
SOL_ORGP () replace
SOL_CBNQ) relative
BC1 replace
BC2 replace
RS3 replace

=
(=
oo

cooooooooo

4

SWAT-CUP input files are prepared by executing “SWAT_SWATCUP.exe” with its input file
“Input_SWAT.in". “SWAT_SWATCUP.exe"” prepares:
A. A SWAT input file
a. Master watershed file (file.cio): Beginning year of SWAT simulation, number of years
simulated, and number of years to skip output printing (model warm up period) are
modified, as defined in “Input_ SWAT.in”. A description of “Input_ SWAT.in" is
provided in Appendix A. “Input_ SWAT.in”, the default input file of
“SWAT_SWATCUP.exe”, contains details for preparing SWAT-CUP input files,
including:
i. Simulation start and end year
ii. Number of years for model warm up
iii. Number of parameter sets in each iteration for the parameter calibration
process
iv. Parameter group name (i.e., Flow, Sediment, or Nutrient), number of
parameters to be calibrated in each group, names of parameters to be
calibrated in each group, and ranges.
B. Seven SWAT-CUP input files
a. “SUFI2_sweEdit.def”: A file including starting and ending simulation numbers.
b. “SUFI2_extract_rch.def”: A file defining how to extract modeling results for
estimating the objective function (e.g., Nash-Sutcliffe statistic).
c. “par_inf.txt”: A file defining the number and names of parameters to be calibrated
and their ranges, and number of model runs for calibration.
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d. “observed.txt”: A file including the objective function of the calibration, observed
data, etc.
e. “observed_rch.txt”: A file including the number of observations and observed data in
reaches.
f.  “var_file_name.txt”: A file including all variable names in the estimation of the
objective function.
g. “var_file_rch.txt”: A file including all variable names in reaches that should be
included in estimation of the objective function.
C. Input file for “Update_par_inf.exe”
a. “projectfolder.txt”: Includes a name of the SWAT-CUP project folder.
D. An extra output file
a. “observed_data.txt”: Includes all observed data in the parameter calibration. This can
be used for drawing graphs and parameter validation with another period.

45. In “C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\”, execute “SWAT_SWATCUP.exe” by double-
clicking on the icon. The Command window shown below will appear.
a. Type in the SWAT-CUP project folder name, where the SWAT-CUP project was generated:
“SaltRiverHUC8.Sufi2.SwatCup”. Press enter.
Type in “Flow_13027500.csv” for the flow observation file name. Press enter.
Type in “discrete_data.csv” and “Nutrient_13027500.csv” for sediment and nutrient
observation file names, and press enter, respectively.

SWAT-CUP project folder name?
SaltRiverHUCE.5ufi2. Swatcup

Flow observation file name?
Flow 13027500.csu

Sediment observation file name?
discrete_data.csu

Nutrient observation file name?
Mutrient_13027500.csu
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46. The following screen will appear, but the “Reach number for the observed data” must first be
determined for the observed data where the USGS gage is located, which will be determined by
executing BASINS.

SWAT-CUP project folder name?
SaltRiverHUCS.Sufi2. SwatCup
Flow observation file name?

Flow_13027500.csu

Sediment observation file name?
discrete_data.csu

Nutrient observation file name?
Nutrient_13027500.csu

Reach number for the obseruved data?

47. Without exiting the current screen, start BASINS from the BASINS 4.1 icon on the desktop:
2
E-__

BASING 4.1

48. At the “Welcome” window, choose “Open Existing Project”.
il Welcome to BASINS 4.1 =)

Build Mew Project

View Documentation

Open Existing Project
02060008

| Show this dislog at startup

Close
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49. Navigate to the project folder (e.g., “C:\Temp\SDMProject\SaltRiverID\HUC8\), with the
MapWindow project file (*.mwpj), and select “SaltRiver.mwprj”. Click “Open”.

50. The following screen will appear.

Watershed Delineation Compute Models Launch Analysis
= @ 2 @ lm L
New Open Save Print Settings Add Remove Clear
wa
- Ped +
ut Extent Selected Previous Next Layer

1 x

View  Bookmarks Converters

i

L
Select Deselect Measure

Layer Plug-ins  Shapefile Editor Help
5 L4 B L, w, e
Symbology Categories Query Properties Table Identify Label Mover
ST e + + - ™ ey
RSP T S o s | @ &

New Insert Add Remove Copy Paste Merge Erase Erase beneath Move -

Pan

Legend

Layers | Toolbox

EI¥ 57 Point Sources and Withdrawal =
EIC] Permit C: Svstem
+*
EIM NLDAS Grid Center 3
*

B Weather Station Sites 2006

1

Cateqories
Hi ATEM

[}

T
H

"

&

P

H
@

A
H

CLou
DEWP
PEVT
PREC

s

SOLR

hakim

Preview Map

1 x

[¥lunnamed = | X:-1,217,410.955 Y: 2,338,595.529 Meters | Lat 43.169 Long: -111.114

1:620223

51

File Watershed Delineation
—
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In the “Legend” section, highlight “Simplified Flowline”
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52. From the Tool bar, click 1dentify  and select the stream line directly upstream from the USGS gaging
station, as illustrated in the screen capture below.

File &M Watershed Delineation &M Compute ¥ Models @ Launch ¥ Analysis Layer View Bookmarks Plug-ins Shapefile Editor Converters Help
- = @ o lm lm il 3 S L] = i 0 ) =
New Open Save Print Settings Add Remove Clear | Symbology Categories Query Properties Table Select Deselect Measure \Identify Jlabel Mover
PP = - AT - Mo + + - - . R N
$o&p H ¥ R 40P EBR&TAE E 8 w s | @ 22

Pan In Out Extent Selected Previous Next Layer New Insert Add Remove Copy Paste Merge Erase Erase beneath Move =
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53. In the “Identify” window, read the value for “SWATSUB”; this is the reach number for the observed
data.

Shape Index
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54. “SWAT_SWATCUP.exe” only works for a single outlet. If the user wants to include multiple outlets
for parameter calibration, the user needs to manually modify SWAT-CUP input files (i.e.,
SUFI2_extract_rch.def, observed.txt, observed_rch.txt, var_file_name.txt, var_file_rch.txt).

Close BASINS, then type in “2” in the Command window for the “Reach number for the observed

data”. Press enter.

H

SWAT-CUP project folder name?
SaltRiverHUC8.Sufi2.SwatCup

Flow obseruvation file name?
Flow_13027500.csv

Sediment observation file name?
discrete_data.csv

Nutrient observation file name?
Nutrient_13027500.csv

Reach number for the observed data?

2

5. Press ENTER to close the Command window.

SWAT-CUP project folder name?
SaltRiverHUC8.Sufi2.SwatCup

Flow observation file name?
Flow_13027500.csv

Sediment observation file name?
discrete_data.csv

Nutrient observation file name?
Nutrient_13027500.csv

Reach number for the observed data?
2

1 file(s) copied.
Press ENTER to close this window
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Inspect SWAT-CUP Input Files

56. To inspect the SWAT-CUP input files prepared by “SWAT_SWATCUP.exe”, activate reaches in SWAT-

CUP window by clicking G Reh in the “Project Explorer” section.

Project Explorer n

" (GiReh) B8 HRU 88 Sub

SaltRiverHUC8

.  calibration Inputs
@Executable Files
Calibration Outputs

- (@ Sensitivity analysis

o Maps

£l 7! Utility Programs
Iteration History

o

SaltRiverHUCS
SWAT-CUP project.

57. Expand “Calibration Inputs” by clicking “+” at the left of “Calibration Inputs”.

Project Explorer n

= 83 HRU 88 Sub

= SaltRiverHUCS
l_/E}CaIibratic-n Inputs
f @Executable Files
- Calibration Outputs
cSensitivit',r analysis

- ) vaps

gutilit}r Programs

Trrme=bimem | b
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58. Sub-items of “Calibration Inputs” will be shown.

Project Explorer n

- |G Rch ®3HRU ®%Sub

. SalRiverHUCs =
L cron s

------- |.-. Par_inf.t

------- | SUFI2_swEdit.def

------- .| File.Cio

------- | Absolute_SWAT_Values.bd
-~ Observation

|- / Extraction

- /Db]ectlve Function

/J No Observation

[ ﬁd&ecutable Files

iy 1 D_I [ .- -

111

E
E
H
=

59. Among the sub-items within “Calibration Inputs”, expand “Observation”, “Extraction”, and
“Objective Function” by clicking the corresponding “+” signs.

Project Explorer n

" |G Rch| 3 HRU @8 Sub

[j---- / Calibration Inputs n
------- |.-. Par_inf.t«t

------- || SUFI2_swEdit.def

------- || File.Cio

------- | | Absolute_SWAT_Values.txt
. Observation

{:} / Extraction

| /[}bjective Function

; zNo Observation

[ iaExecutable Files

i Ii nnl.r!_l:L__J.:__ [ TS I T,

1
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60. Open “Par_inf.txt”, “SUFI2_swEdit.def”, “File.Cio”, “Observed_rch.txt”, “Var_file_rch.txt”,
“SUFI2_extract_rch.def”, “Observed.txt”, and “Var_file_name.txt” by double-clicking on the file
names. The files will be shown in the main section of the SWAT-CUP window. They can be directly
modified in the SWAT-CUP window, if desired. Details of the files can be found in the SWAT-CUP
user manual (Abbaspour, 2014).

o= Parameterization SaltRiverHUCE.5ufi2 - SWAT-CUP -ox

Parallel Processing Utility Programs Layout Parameterization ~ 0

% Find M save + g i
Iy Save All
Add a new Insertanew Import New
parameter  parameter  Parameters
Hew Parameter
Project Explorer n L] Par_inf.odt x || SUFI2_swEdit.def || File.Cio &} Observed_rch.bdt {3 Var_file_rch.bdt {3 SUFI2_extract_rch.def Lot [ 4
7 GiRch ®SHRU ®85ub N Par_inf.xt
= B SaltRiverHUCS - - Contains input parameters to be optimized. After a complete iteration, review the suggested new parameters in the "Calibration Qutputs \ new_pars.bd”, ...
i |
E Calibration Inputs
Par inf.bdt Number Of Parameters Mumber Of Simulations:
| SUFI2_swEdit.def 49 5 [ 1A 1000 -
N Parameters:
| | File.Cio =
~
| - Absolute SWAT Values.tt ? Basic Information @3 Value = Fiter Conditions (optional)
= Observation
----- {3 Observed_rch.od # | Par Name File Name File Bxt. | Method Min Max  |Hydro Grp |Soil Text... Land... Subbasins Slope | Conditiof
a b 3 1 CN2 .mgt T Relative 02 0.2 (Al)
ol 2 ESCO .bsn v Replace 0 1 (Al
Extraction 3 SURLAG -bsn Vv Replace 0.05 24 (Al
) Var_file_rch.bat 4 ALPHA_BF gw V Replace 0 1 (Al
2 5 GW_REVAP aw v Replace 0.02 0.2 (Al
- 6 CH_N2 .rte V Replace 0 0.3 (Al
cﬁsum extract_rch.def 7 CH_K2 e V Replace 0 500 (Al
e 8 CANMX .hru v Replace 0 100 (All)
. Var_file_name.txt 9 GWQMN gw V Replace 0 5000 (Al
This file contains the names of all the . 10 S01_Awc = L_Relative 0.8 0.8 (ain ,

variables that should be included in the

in the objective function. These names
are similar to the names in the “r

Parallel Processing License Status: Limited  SWAT Version: 2009, Processor Architecture: 64-bit
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CALIBRATING SWAT PARAMETERS WITH SWAT-CUP
Calibration, Iteration 1

61. Go to the “Home” tab in the SWAT-CUP window, and click the “Calibrate” button.

m H o - Parameterization
,:5"!1 Home Parallel Processing Utility Programs Layout Paramgterization
% Find @ M save A L] (g (= = . 7 .
P M B K P <
S @& y Save Al %

.4 Save Iteration  Validate... Print Advanced Close Help  About License and
Preview = Writing All Activation ~

62. The following “Execute Calibration” window will appear. Click “Execute all”.

5 SUFI2_pre bat
5 SUFI2_run. bat
-~ SUFI2_post.bat

Execute all

63. A command window will appear. Type “y”, then press enter.

cwe

C:\Temp\SDMProject\SaltRiver ID\HUC8\SWAT\SaltRiverHUCS.Sufi2.SwatCup>SUFI2_LH_sa
mple.exe

C:\Temp\SDMProject\SaltRiver ID\HUC8\SWAT\SaltRiverHUC8.Sufi2. SwatCup\SUFI2.0UT\x
.%, Are you sure (Y/N)?y

Running Total Time: 00:02:14
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64. When the following prompt windows appear in sequence, click “OK”.
- __SE_Tﬁ,_____________________

[0} Process is finished, close the window? ':9} Start the execution of Sufi2_Run.Bat?

0K Cancel 0K Cancel

65. Execution of SWAT-CUP will begin, and it will run SWAT with multiple parameter sets in the
following window.

C:\Temp\SDMProject\SaltRiver ID\HUC8\SWAT\SaltRiverHUCS.Sufi2. SwatCup>sufi2_execu
te.exe

parameter set # 1
Swat_Edit (Swat Parameters Editor 2012) Uersion 2.7.1.2
Developed by Neprash Technology to use in SWAT-CUP

> SWAT Version: v2009

Parameter: SOL_AWC()

File: sol

Ualue: (0.080800)
Method: relative change
Files Count: 873

Modified Ualues: 1215 in 492 files

Running Taotal Time: 00:00:22

66. This execution may take hours to days depending on the project (e.g., number of HRUs, subbasins,
years for simulation, etc.). Once complete, the following prompt window will appear. Click “OK”.

':0:' Process is finished, close the window?

0K Cancel
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67. On the next prompt window, click “OK”.
X |

':9} Start the execution of SUFI2_post.bat?

oK Cancel

68. SWAT-CUP will perform post processing, including calculating the objective function (i.e., Nash-
Sutcliffe statistic), parameter range for the next iteration, etc.

NS= -10.424198
NS= -0.841008
NS= -0.839705
NS= -0.791837
NS= -0.832170
NS= -0.823187
NS= -0.745404
NS= -0.869770
NS= -0.772260
NS= -0.852318
NS= -0.793210
NS= -0.853272
NS= -0.8356T71
NS= -1.221882
NS= -0.893478
NS= -0.750147
NS= -0.826394
NS= -0.730345
NS= -0.845186
NS= -0.851770
NS= -0.858618
NS= -0.859746
NS= -0.946346
NS= -0.887311
NS= -0.756194

Running Tatal Time: 00:00:05

69. Upon completion, the following prompt window will appear. Click “OK”.

':o:' Process is finished, close the window?

oK Cancel
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70. The main SWAT-CUP window appears with a prompt window. Click “Yes”.

o x

-~ 0

@ H [t Parameterization SaltRiverHUCE.5ufi2 - SWAT-CUP -
Parallel Processing Utility Programs Layout Parameterization
gt 8 B B R 00 &
F Iy save All @ ) ~
Calibrate... Save Tteration = Validate... Print Advanced Close Help  About License and
Preview  Writing All Activation =
Edit Calibration - Validation Print Tools Window Help
Project Explorer n | Par_infxt x| || SUFI2_swEdit.def || File.Cia 5} Observed_rch.bd {5} Var_file_rch.bd {3] SUFI2_extract_rch.def ot
7 GiRch ®3HRU ®85ub (U Par_infixt
=0 E SaltRiverHUCS -~ - Contains input parameters to be optimized. After a complete iteration, review the suggested new parameters in the "Calibration Outputs \ new_pars.bt",
= |
= Calibration Inputs
| par_infed Number Of iarameters Number Of Simulations:
| | SUFI2_swEdit.def 49 5 11 (A SWAT-CUP 2012
Parameters:
| | File.Cio =
| | Absolute_SWAT_Values.txt "? Basic Infor Do you want to save this iteration? ;‘) Fiter Conditions (optional)
E Observation
) Observed_rch.tbt # | Par Name = N Max  |Hydro Grp |Soil Text... Land... Subbasins Slope | Conditiof
- b v | 1cN2 e 2 02 (Al
o 2 ESCO .bsn V Replace 0 1 (Al
=) Extraction 3 SURLAG .bsn V Replace 0.05 24 (All)
Cﬁ Var_file_rch.bd 4 ALPHA_BF gw V Replace 0 1 (Al
e 5 GW_REVAP gw V Replace 0.02 0.2 (Al
A & CH_N2 rte v Replace 0 03 (Al
..... (3 SUFI2_extract_rch.def 7 CH_K2 .rte V Replace 0 500 (All)
= 8 CANMX hru ¥ Replace 0 100 (All)
Par_inf.bxt 9 GWQMN aw v Replace 0 5000 (All)
- Contains Input parameters to be 10 S01_AWC _sal I _Relative -0.8 na faln
optimized. After a complete iteration, M '
review the suggested new parameters
in the "Calibration Outputs \
Parallel Processing License Status: Limited ~ SWAT Version: 2009, Processor Architecture: 64-bit

71. The following window appears. In this example, “Iteration Name” is “Calibration_01". Click “Ok”,
and save.

Iteration Mame: JCalibration_01

Cancel
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72. The first iteration of the parameter calibration is complete. To view results, open “Iteration

History>Calibration Outputs>Summary_Stat.txt” in the “Project Explorer” section by double-clicking
on “Summary_Stat.txt”.

Project Explorer n
= 85 HRU 88 Sub
El @]Ieration History -

S [/ Calibration_01
- ./ calibration Inputs

- @Executable Files

[—j Calibration Qutputs

....... M‘ 95ppu plot

....... M\ 95ppu-No-Observed

....... M\ Dotty Plots

------- M Best Par.txd

@ | Best_Sim.bt

o | 1 | "

73. The file will open to the SWAT-CUP window. In the “Summary_Stat.txt”, results of the best objective

function for the SWAT simulation are shown for each variable. Other goodness-of-fit statistics are
also indicated in the file.

@A @ - SaltRiverHUCB.Sufi2 - SWAT-CUP - o x
@ Home " Parallel Processing " Utility Programs H Layout ‘ ~ 0
__J % cut Undo % Find @ Next Bookmark M save ﬁ ﬁ @ @ —:‘ @ @ @ %
B copy Redo &5, Replace @ Previous Bookmark | i Save All i o
Paste - o Calibrate... ~ Save Tteration = Validate... Print Advanced Close Help  About License and
Delete  Select All Clear Bookmarks Preview  Writing Al Activation =
Edit Calibration - Validation Print Tools Window Help
Project Explorer 2| @ cCalibration_01 - Summary_Stat.xt x | x

=4 83 HRU 88 Sub

-gumw Programs -

Calibration_01 - Summary_Stat.txt

¢

This file has the statistics comparing observed data with the simulation band through p-factor and r-factor and the best simulation of the current iteration by ...

=i~ {2 treration History Goal type= Nash Sutcliff No_sims=-1000 Best sim no= 409 Best goal = —-1.709579e—001
= [ Calibration_01 - - - - -
[/ Calibration Inputs Variable p-factor: -r-factor R2 NS bR2 MSE SSQR PBIRS KGE
G- [ Becutable Files FLOW_OUT_0002 0.13 0.64 0.48 -0.52 0.0890- - -2.5e+002--2.3e+002-62.6 -0.0
- (] aliration Ouiputs SED OUT 0002 0.67 0.65 0.46 -0.03 0.0331- . -2.0e+005--1.9e+005-74.6 -0.2
a TP OUT 0002 0.28 0.50 0.21 0.04 0.0227...3.8e+005.-2.8e+005-80.6 -0.2

ﬂ\ 95ppu plot
ﬂ\ 95ppu-Ho-Observed
- g Dotty Plots
: ﬂ Best_Par.bd
H ﬂ Best_Sim.bd
ﬂ Goal.bxt
ﬂ New_pars.txt

ﬂ\summary_stat.m
h e T
< I |

e

m

Summary_Stat.txt

This file has the statistics comparing
observed data with the simulation band
through p-factor and r-factor and the
best simulation of the current iteration < (LI

Parallel Processing License Status: Limited = SWAT Version: 2009, Processor Architecture: 64-bit
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74. Results of the goodness-of-fit statistics do not indicate good performance of the SWAT model: -0.52,
-0.03, and 0.04 of Nash-Sutcliffe for flow, sediment, and total phosphorus, respectively. Because
Iteration 1 may not be acceptable, additional calibrations iterations may be required.

A summary of key folder locations associated with the example calibration is presented in Table 3.

Table 3. Folder Locations of Key Files for this Example Calibration

FILE FOLDER LOCATION
par_inf.txt C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\SaltRiverHUC8.Sufi2.SwatCup\SUFI2.IN\
New_pars.txt C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\SaltRiverHUC8.Sufi2.SwatCup\SUFI2.0UT\

C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\SaltRiverHUC8.Sufi2.SwatCup\

[Note that this file is a part of SWAT-CUP.]
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\

[Note that this file is included with the SDMPB install and copied to
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT-SWATCUP\

when a new SDMPB project is generated.]
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\

[Note that this file is included with the SDMPB install and copied to
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT-SWATCUP\

when a new SDMPB project is generated.]
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\

[Note that this file is included with the SDMPB install and copied to
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT-SWATCUP\

when a new SDMPB project is generated.]
C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\SaltRiverHUC8.Sufi2.SwatCup\SUFI2.IN\
par_inf_init.txt [Note that this file is generated by “Update_par_inf.txt”, when it is executed after the first
iteration.]

Absolute_ SWAT_Values.txt

SWAT_SWATCUP.exe

Input_SWAT.in

Update_par_inf.exe

Additional Calibration Iterations

75. To improve performance statistics, additional calibration iterations can be implemented by
repeating steps outlined previously for calibration Iteration 1. With new iterations, parameter
ranges, which can be supplied by SWAT-CUP, must be updated. To view, open “Iteration
History>Calibration_01>Calibration Outputs>New_pars.txt” in the “Project Explorer” section by

double-clicking the name.
Project Explorer L}

u

% GhRch| BEHRU @8 Sub

.. £2) treration History -
= [/ Calibration_01
+ Calibration Inputs
+ |63 Executable Files
=8 Calibration Outputs
= = 95ppu plot
- 95ppu-No-Observed
& Dotty Plots
@ | Best_Par.txt
-~ @ | Best_Sim.ot
5| Goglix
- | Summary_Stat.bd
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76. The file will open to the SWAT-CUP window.

@A (=N SaltRiverHUCS.Sufi2 - SWAT-CUP - ox
a Home Parallel Processing Utility Programs Layout ~ @
L% M Ba % 200 4
&, Replace Iy save All IQ @ ) =
e ) Calibrate... = Save Tteration Validate... Print  Advanced Close Help  About License and
= Preview  Writing All Activation ¥
Edit Calibration - Validation Print Tools Window Help
Project Explorer I @ Calibration_01 - Summary_Stat.bdt @ Calibration_01 - New_pars.txt x x
7 GiRch ®3HRU ®85Sub Calibration_01 - New,_pars.txt
\’/Utihty Frograms ~ I This file shows the suggested values of the new parameters to be used in the next iteration. These values can be copied and pasted in the Par_inf.tx file for ...
S @Iterat\on History par_no par_name new_min new_max f
=~ [/ Calibration_01
Calibration Inputs r CN2.mgt —-0.029914 0.310314
[ Executable Fies v__ESCO.bsn 0.392353 1.157197
- ] Calibration Outputs v__SURLAG.bsn 11.970243 35.814209
v__ALPHA BF.gw —0.433285 0.522285 3
;& | 95ppu plot v__GW REVAP.gw —0.046540 0.117160
i & | 95ppu-No-Observed v CH N2.rte 0.0845%64 0.25493¢
@ | Dotty Plots v__CH K2.rte 155.606644 466.893372
H & |Best_Par.ot = v__ CANMX.hru -13.028638 62.328636
P v GWQMN . gw 181.075516- -3393.924561
& g | Best_Sim.bd —_ = ==
P — r SOL RWC().sol —0.881258 0.239658
& @] Goal.bit v BIOMIX.mgt —-0.344785 0.551785
: @ | New_pars.bd r_SLSUBBSN.hru -1.202858 0.132458
& | Summery_Stat.ot V__GW_DELAY.gw 46.894535 315.652466
bt i = r_ SOL _K().sol —0.330058 0.610058
< 1 4 v__REVAFMN.gw 231.857285 695.642700
v__ EPCO.bsn —0.016517 0.661207
New_pars. bt v__SFTMP.bsn -0.151419 39.551414
g e ile shows the suggested voluzs of v__SMEMN.bsn 0-904300 13.635700
e new pronstr o e od i v swmk ban
copied and pasted in the Par_inf.txt file v__ SMIMP.bsn —4.111421 27.671419 =
Parallel Processing License Status: Limited = SWAT Version: 2009, Processor Architecture: 64-bit 100% | = © +

Because SWAT-CUP does not consider acceptable minimum and maximum values identified in
par_inf_init.txt (which contains the same ranges as in “Absolute_ SWAT_Values.txt”) when it suggests
ranges in “New_pars.txt”, those ranges must be reviewed and revised, then copied to “par_inf.txt” for
use in the calibration. For example, in the above window, the new range for “ALPHA_BF” is calculated
as -0.43 — 0.52, and the acceptable range is 0 — 1. In this case, the new range needs to be revised to 0 —
0.52. Although these ranges can be modified manually by copying the revised ranges to “par_inf.txt”
(located in “C:\Temp\SDMProject\SaltRiverID\HUC8\SWAT\SaltRiverHUC8.Sufi2.SwatCup\SUFI2.IN\"),
a module (“Update_par_inf.exe”) has been developed to automatically check and revise ranges and
copy them to “par_inf.txt” for use in the calibration process.

77. Execute “Update_par_inf.exe”. The Command window below appears. Press “Enter” to exit.
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i |
Parameter ranges have been updated successfully.
Press ENTER to close this window

78. Updated parameter ranges in “Par_inf.txt” can be checked by opening the file in the SWAT-CUP
window.

au Q v Paramoterration -
_-," Pacpiel Procesmng Rty Progran Yok Par armetor T ator
S @ M o [ =]
T l);' ©»
2 Py Save A .
ASS o rew Weetanew  Irport
. Par_nfaxt x
3 Rch OQHRU 08 Sut Pav_inf.txt
Par_ind 2 e
“ 0
ters
. AT Ve Basc Informaton Vakse > Flter Condtions (optenad)
Eatra ’ » Me " M a <
N N2 gt T Ralstive 20299,
ESCO V Replace 22353 1 A
. Fie SURLAG v Replace 1597024 ™
ALPHA_BF g V Raplace
GW_REVAP
CH N2
CH_X2
CANMX
GWOMN L}
SOL_AWC T Relstwve
Par_lnf.xt BIoMIX
R e e e 12 SLSUBBSN I Relatve 2 0122458
oo
Test View Form View
* " e
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79. For additional iterations, repeat steps outlined in “Calibration, Iteration 1” until the desired
objective function (e.g., Nash-Sutcliffe statistic) is obtained. A summary of calibration steps is
presented in Table 4. For this example, flow, sediment, and nutrient have been calibrated
simultaneously, so there is only one calibration with 10 iterations.

80. This example performed 10 iterations, and a summary of the results for the 10" iteration can be
found in “Iteration History>Calibration_10>Calibration Outputs>Summary_Stat.txt”

e e - -
‘% Home Parallel Processing Utility Programs Layout ~ 9
L ] @ H save 4 L] = o = . &
. £ @ 2 & & (2 =
& @ Iy Save All -
! Calibrate... = Save Iteration Validate... Advanced Close Help  About License and
® Delete Writing All Activation =
I @  Calibration_10 - Summary_Stat.bxt x x
GiRch @3 HRU @8 Sub Calibration_10 - Summary._Stat.ixt
[ Calibration_o A I This file has the statistics comparing observed data with the simulation band through p-factor and r-factor and the best simulation of the current iteration by ...
E~ [ Calibration_10 Goal_type- Nash_sutcliff No_sims= 1000 Best_sim _no= 2§ Best_goal = 4.589368e-001
Calibration Inputs
28 L@aecutah\e Files Variable p-factor r-factor NS SSQR PBIAS KGE
£ [L1i calibration Outputs FLOW_OUT_ 0002 0.26 0.28 0.38 6.0e+001-29.2 0.51]
f o5 ot SED OUT 0002 0.15 0.20 0.46 B.5e+004 . -22_4 0.41
i u plof —
I SopPu P TE_OUT 0002 0.47 0.40 0.53 6.0e+004.23.2 0.59
@ 95ppu-No-Observed - -
@ | Dotty Flots
L 3| Best_Par.bdt
@ | Best_Sim.bxt
P qp | Goal.txt
@ | New_pars.bt =
e | SUMMary_stat.be
(- @ Sensitivity analysis
< 1 >
Calibration_01
e i »
Parallel Processing License Status: Limited ~ SWAT Version: 2009, Processor Architecture: 64-bit

Table 4. Summary of Calibration Steps

CALIBRATION 1

1. Manually update “Input_SWAT.in” with a text editor
2. Execute “SWAT_SWATCUP.exe”

First iteration of calibration 1

3. Gotothe “Home"” tab in the SWAT-CUP window and click “Calibrate” button.
4. Click the “Execute all” button.

5. Answer command line questions and prompt windows

6. Save first iteration of calibration 1

e When the iteration is saved, it copies files (file.cio, SUFI2_extract_rch.def, etc.) from the
SWAT-CUP project folder and subfolders (“.\SUFI2.IN\” and “.\SUFI2.0UT\") to the
“\lterations\(/teration Name)\” folder. Saved files for the first and subsequent iterations are
different. For example, parameter ranges in “par_inf.txt” are different, and resulting files in
A\SUFI2.0UT\ are different.

7. Execute “Update_par_inf.exe”, where the first iteration is based on the original “par_inf.txt” (i.e.,
prior to modification), and the following automated steps (i.e., invisible to the user) occur:

e reads “new_pars.txt”
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e reads the original “par_inf.txt” file [For the first iteration, parameter ranges are the same as
those in “Input_SWAT.in".]
saves the “par_inf.txt” ranges to “par_inf_init.txt”. [This only happens after the first iteration,
so “par_inf_init.txt” records possible parameter ranges throughout the iterations for this
calibration cycle.]

e compares new ranges with acceptable ranges

e updates new ranges in “par_inf.txt”

Second iteration of calibration 1

8.
9.

10.
11.
12.

Th
°
°
°

Go to the “Home” tab in the SWAT-CUP window and click the “Calibrate” button.

Click the “Execute all” button.

Answer command line questions and prompt windows

Save second iteration of calibration 1

Execute the “Update_par_inf.exe”; the following automated steps (i.e., invisible to the user)

occur:

e reads “new_pars.txt”

e reads “par_inf_init.txt” to obtain the possible ranges. [Note that ranges in “par_inf_init.txt”
and “Input_SWAT.in” are the same].

e compares new ranges with acceptable ranges

e updates the new ranges in “par_inf.txt”

ird iteration of calibration 1

Tenth iteration of calibration 1
etc.
[Note: The total number of iterations depends on goodness-of-fit statistics]

CALIBRATION 2

13
14

. Update “Input_SWAT.in” manually with a text editor
. Execute “SWAT_SWATCUP.exe”

First iteration of calibration 2

15
16
17
18
19

. Go to the “Home” tab in the SWAT-CUP window and click “Calibrate” button.
. Click “Execute all” button.

. Answer command line questions and prompt windows

. Save the first iteration of calibration 2

. Execute “Update_par_inf.exe” (see Step 7)

Second iteration of calibration 2

20
21
22
23
24
Th
°
°
°

. Go to the “Home” tab in the SWAT-CUP window and click “Calibrate” button.
. Click the “Execute all” button.

. Answer command line questions and prompt windows

. Save the second iteration of calibration 2

. Execute “Update_par_inf.exe”(see Step 12)

ird iteration of calibration 2
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Tenth iteration of calibration 2
[ J
[ J
[ J

CALIBRATION 3
°
°
°

81. After the 10™ iteration, Nash-Sutcliffe statistics have improved to 0.38, 0.46, and 0.53 for flow,
sediment, and total phosphorus, respectively. This example calibrates the three parameters
simultaneously to illustrate the calibration process. It is strongly recommended to calibrate
parameters for flow, sediment, and nutrients separately when performing SWAT parameter
calibrations. Appendix B provides example “Input_SWAT.in" files for independent calibrations of
flow, sediment, and nutrients. One can modify “Input_SWAT.in” and repeat steps outlined in
“Calibration, Iteration 1” and “Additional Calibration Iterations”. Additional calibration steps are
summarized in Table 4, including steps for Calibrations 2 and 3.

82. The parameters sets with the best Nash-Sutcliffe statistic can be found in
“Iteration History>Calibration_10>Calibration Outputs>Best_Par.txt”.

@A [E=N SaltRiverHUCS.5ufi2 - SWAT-CUP - o x
a‘ Home Parallel Processing Utility Programs Layout ~ @
X Cu U % Find ext Bookma H save gPa: H T @ = @ @ @ &
B cop Redo = &3 Replace Iy Save Al IQ @ % » ~
e R e Calibrate... =~ Save Teration = Validate... Print  Advanced Close Help About License and
% Delete ; Select Al HenrBoormars Preview  Writing Al Activation =
Edit Calibration - Validation Print Tools Help
Project Explorer 1 | Calibration_10 - Best_Par.txt x x
% [r=
[ hRch| 3 HRU ®8Sub Calibration_10 - Best_Par.txt
- £ Calration_09 2 G J The best parameters (giving the best value of objective function) of the current iteration.
£+ [ calibration_10 Goal_type=-Nash_Sutcliff No_sims=-1000 Best_sim no= 28 Best_goal -=-4.589368e-001 f
Calibration Inputs
~ |45/ Executable Files Parameter Name Fitted Value Min_value Max value -
- [ Calibration Outputs 1:R_ CN2.mgt 0.198423 0.194399 0.200000 3
95p0u plat 2:V__ESCO.bsn 0.975679 0.961041 0.981673 L
® 95ppu P 3:V_ SURIAG.bsn 18.103893 18.074385
@ | 95ppu-Ho-Observed 4:V ALPHA BF.gw 0.062431 0.052809 0.
4 | Doty Plots 5:V__GW_REVRP.gw 0.143548 0.139294 0.150624
-~ g | Best_Par.bdt 6:V__CH N2.rte 0.233881 0.231527 0.249703
& Best_Sim.ixt 7:V__CH K2.rte 178.615326 165.050171 160.430481
---.7(; - 8:V__ CANMX.hru 46.210335 44.539478 48.6259704
& Boa 9:V__ GWQMN.gw 4116.415039 0.230469
® | New_pars.bd = 10:R__SOL AWC(..).sol 7 790101
- | Summary_Stat.bd 11:V_ BIOMIX.mgt 0.015204
@ sensitivity analysis L 12:R_ SLSUBBSN.hru —0.546600 -0.493336
. T 13:V_ GW DELAY.gw 47.3880916 40.394642 50.857281
4 I} ’ 14:R_ SOL K(..).sol —0.003145 —-0.039171 0.003337
15:V__ REVAPMN.gw 280.798309 279.503442 294.943054
Best_Par.tat 16:V__EPCO.bsn 0.167045 0.158468 0.184818
‘ I:E:?;’;:;‘&‘:Ef‘égl‘o‘;"]'go;ht:em‘ 17:V_ SFTMP.bsn 18.856592 18.726418 18.982414
arrant femaion. 18:V_ SMFMN.bsn 1.206779 1.084544 1.617160 -
J < I >
Parallel Processing License Status: Limited ~ SWAT Version: 2009, Processor Architecture: 64-bit 100%| = © +

83. A comparison of observations and simulations can be found in History>Calibration_10>Calibration
Outputs>Best_Sim.txt”. No specific software can generate plots for SWAT modeling results. One
may import the results to BASINS and generate plots, similarly to those reported by Kim et al.
(2016c), or use spreadsheet software such as Microsoft Excel.
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DISCLAIMER

The information in this document has been funded in part by the United States Environmental
Protection Agency under Interagency Agreement DW-89-92399101-1 to the Idaho National Laboratory.
It has been subjected to the Agency's peer and administrative review and has been approved for
publication as an EPA document. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.
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APPENDIX A
Details of “SWAT_SWATCUP.exe” and “Input_SWAT.in”

The purpose is to provide details of the FORTRAN code for preparing SWAT parameter calibration with
SWAT-CUP (i.e., SWAT_SWATCUP.exe). “SWAT_SWATCUP.exe” is designed to
e consume data from observation files downloaded by the user and the user input file
“Input_SWAT.in"
e modify the SWAT input file “file.cio”
e prepare SWAT-CUP input files (i.e., SUFI2_swEdit.def, SUFI2_extract_rch.def, par_inf.txt,
observed.txt, observed_rch.txt, var_file_name.txt, var_file_rch.txt) and an extra file including
observed data with missing values (i.e., observed_data.txt).

Input files include:

e Observed data for flow, sediment, or nutrient for the parameter calibration, downloaded by
user. The user must download data as instructed in this document. The time series in this file
can include missing data.

e A Userinput file (“Input_SWAT.in"”) containing information for generating SWAT-CUP input files

startyear
endyear
ny_warm

nparaset

paragroup

(TNTP)

npara

para parafile change lower upper

paragroup

(TNTP)

npara

para parafile change lower upper

Figure A.1. Construction of user input file (“Input_SWAT.in"”)

Figure A.1 presents the format of the “Input_SWAT.in”. Descriptions of input data are:

e startyear: simulation start year including model warm-up period
endyear: simulation end year
ny_warm: number of years for model warm-up from start of the simulation (i.e., startyear)
nparaset: number of parameter sets to be generated by SWAT-CUP for parameter calibration
paragroup: name of parameter group, which needs to be defined as “Flow”, “Sediment”, or
“Nutrient”
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e (TNTP): names of nutrient to be calibrated (“TN”, “TP”, or “TNTP” for total nitrogen, total
phosphorus, or both, respectively). This variable is only needed when the paragroup is
“Nutrient”. With another paragroup (Flow or Sediment), the line including TNTP must be
removed.

e npara: number of parameters to be calibrated in the corresponding paragroup

e para: name of each parameter. Names can be identified from the SWAT input/output
documentation (Arnold et al., 2012) or “Absolute_ SWAT_Values.txt”, generated in the SWAT-
CUP project folder.

e pardfile: extension of SWAT input file where the corresponding parameter will be located. The
file extension can be identified from SWAT input/output documentation (Arnold et al., 2012) or
“Absolute_SWAT_Values.txt”.

e change: a variable that defines how parameter values should be changed. SWAT-CUP supports
three change types: replace, relative, and additive. Among these, “SWAT_SWATCUP.exe” only
supports two types: replace and relative, excluding additive change type; therefore, one of the
following variables must be selected:

o replace: parameter value is replaced

o relative: parameter value is changed proportionally to the original value in the SWAT
input file. This is generally done if the parameter is defined differently by landuses, soils,
subbasins, etc.

e Jower and upper: minimum and maximum values of each parameter used in the calibration
process. Parameter ranges can be identified from “Absolute_ SWAT_Values.txt”.

Figure A.2 illustrates an example user input file “Input. SWAT.in". It defines three parameter groups for
simultaneously calibrating flow, sediment, and nutrients (TN and TP for total nitrogen and total
phosphorus, respectively). The following assumptions apply when constructing the file:

e Adaily time step is assumed for calibrating parameters with observed data.

e Instantaneous observations of constituent concentrations are assumed to represent daily
values.

e Instantaneous flow observation are used to estimate daily constituent loadings from
concentrations. Daily flow observations always have to be prepared even when flow parameters
are not calibrated. For example, when only sediment or nutrient parameters are calibrated,
“SWAT_SWATCUP.exe” always asks for the flow observation file.

e To obtain total number of reaches in the SWAT project, software reads “fig.fig”. The SWAT input
file “fig.fig” defines channel connectivity and provides the total number of reaches.

e The objective function for parameter calibration uses the Nash-Sutcliffe Modeling Efficiency. The
objective function can be modified through the “observed.txt” file.
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1990

ISimulation start year

1995 ISimulation end year

1 1# of years for model warm up

1000 I# of parameter sets

Flow IParameter group

9 I# of parameters

CN2 mgt relative -0.2 0.2
ESCO bsn replace 0 1
SURLAG bsn replace  0.05 24
ALPHA BF gw replace 0 1
GW_REVAP  gw replace  0.02 0.2
CH_N2 rte replace 0 0.3
CH_K2 rte replace 0 500
CANMX hru replace 0 100
GWQMN gw replace 0 5000
Sediment  !'Parameter group

11 I# of parameters

LAT_SED hru replace 0 5000
RSDIN hru replace 0 10000
ADJ PKR bsn replace 0.5 2
PRF bsn replace 0 2
USLE_C{1-108} crop.dat relative -0.5 0.5
USLE P mgt replace 0 1
USLE_K() sol relative -0.8 0.8
SPCON bsn replace  0.0001 0.01
SPEXP bsn replace 1 15
CH_Ccovi rte replace  0.05 0.6
CH_COV2 rte replace  0.001 1
Nutrient IParameter group

TNTP ITNor TP

7 I# of parameters

CMN bsn replace  0.001  0.003
CDN bsn replace 0 3
NPERCO bsn replace 0 1
PPERCO bsn replace 10 175
SDNCO bsn replace 0 1
RSDCO bsn replace  0.02 0.1

PHOSKD bsn replace 100 200

Figure A.2. Example user input file (“Input_SWAT.in"”), which defines the three parameter groups for
calibrating flow, sediment, and nutrient (TN and TP) parameters simultaneously
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APPENDIX B
Example “Input_SWAT.in” Files for Independent Calibrations of Flow, Sediment, and Nutrients

[ ] — = X

File Edit Format View Help

1990 ISimulation start year -

1995 ISimulation end year

1 1# of years for model warm up

1000 '# of parameter sets

Flow !Parameter group

25 1# of parameters

CN2 mgt relative -0.2 0.2

ESCO bsn replace 0.01 1

SURLAG bsn replace 0.05 24

ALPHA_BF qw replace 0 1

GW_REVAP qw replace 0.02 0.2

CH_N2 rte replace 0 0.3

CH_K2 rte replace 0 500

CANMX hru replace 0 100

GWQMN aw replace 0 5000

SOL_AWC() sol relative -0.8 0.8

BIOMIX mgt replace 0 1

SLSUBBSN hru relative -0.8 0.8

GW_DELAY qw replace 1 450

SOL_K(Q) sol relative -0.8 0.8

REVAPMN qw replace 0 500

EPCO bsn replace 0.01 1

SFTMP bsn replace -20 20

SMFMN bsn replace 0 20

SMFMX bsn replace 0 20

SMTMP bsn replace -20 20

TIMP bsn replace 0 1

TLAPS sub replace -10 10

SLSOIL hru replace 0 150

SOL_ALB() sol relative -0.8 0.8

RCHRG_DP qw replace 0 1

4 »
Ln1, Col 1

Figure B.1. Example user input file (“Input_SWAT.in”), which defines the setup of Flow for calibration

File Edit Format View Help

1990 ISimulation start year -
1995 ISimulation end year

1 1# of years for model warm up

1000 1# of parameter sets

Sediment IParameter group

11 1# of parameters

LAT_SED hru replace 0 5000
RSDIN hru replace 0 10000
ADI_PKR bsn replace 0.5 2
PRF bsn replace 0 2
USLE_C{1-108} crop.dat relative -0.5 0.5
USLE_P mgt replace 0 1
USLE_K(O) sol relative -0.8 0.8
SPCON bsn replace 0.0001 0.01
SPEXP bsn replace 1 1.5
CH_Cov1 rte replace 0.05 0.6
CH_COV?2 rte replace 0.001 1

Lnl Coll

Figure B.2. Example user input file (“Input_SWAT.in”), which defines the setup of Sediment for
calibration
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Edit Format View Help
1 '# of years for model warm up

1000 1# of parameter sets

Nutrient |Parameter group
TNTP ITN or TP

26 |# of parameters
CMN replace 0.001
CDN replace 0
NPERCO replace 0
PPERCO replace 10
SDNCO replace 0
RSDCO replace 0.02
PHOSKD replace
N_UPDIS replace
P_UPDIS replace
PSP replace
BC3 replace
RS4 replace
BC4 replace
ERORGN replace
ERORGP replace
SOL_ORGN() replace
SOL_NO3(Q) replace
SOL_LABP() replace
SOL_ORGP () replace
SOL_CBNQ) relative
BC1 replace
BC2 replace
RS3 replace
CH_ONCO replace
LAT_ORGN replace
HLIFE_NGW replace

|
COoOCOoO0COoOOoOO0O000
M

Ln1, Coll

Figure B.3. Example user input file (“Input_SWAT.in”), which defines the setup of Nutrients for
calibration
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