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SWAT OWL: A New Tool for Quicker Visualisation of
SWAT Outputs and Calibration

Philip Selby, Integrated Water Resources Management, Mott MacDonald, Cambridge, UK m

hilip.selby@mottmac.com
PRITIP-SEbY Mott MacDonald



Introduction

Working with Anglian Water.
23 Surface Water Catchments over 2 years.
Diffuse pollution from agricultural land (metaldehyde).

Tools and methodologies developed to quickly produce
calibrated models and run scenarios.
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Objectives

* Quick and easy way to visualise model outputs

* Quick and easy ways to automate changing of parameters
and run SWAT.

SWAT Error Checker SwatOwl Swat-Cup

High Level Checks Powerful calibration tool

* Visualisation enables greater understanding of the effect
changes to SWAT parameters.
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Overview of Swat Owl Window

& Swat Owl : WAEXAMPLE\MODEL\Scenarios!\SwatOwlScenarios\2013-04-18_11h17m4G, = | [B] -

—— — —
a

: Default Tt InOut®, N
W AEXAMPLEWMODEL Scaranus v SwatOwl Scenariosh2013-04-18_11h17m4

AEXAMPLENMODEL \Scenarios'SwatOwlScenarios"2013-03-26_13h05mBY
ANEXAMPLENMODEL \Scenaros \SwatCwl Scenaros'2013-03-25_14h22m51
SAEXAMPLENMODEL Scenarios SwatOwlScenaros 2013-03-25_10h5TmES
SEXAMPLENMODEL ScenaroshSwatOwl Scenaros 2013-03-21_13h46m 73

MNEXAMPLENMODEL Scenariosh SwatOwl Scenarios 201 3-03-25_13h30m13
‘i:\EXAM PLENMODEL \Scenarios \SwatOwl Scenarios'2013-03-21_13h46m40

1
—_—

SEXAMPLENMODEL Scenarios SwatOwl Scenaros 2013-03-25_11h00m13

m

MNEXAMPLENMODEL Scenariosh SwatOwl Scenarios 201 3-03-25_11h41m53
MNEXAMPLENMODEL Scenariosh SwatOwl Scenarios 201 3-03-25_11h37m32
AEXAMPLENMODELScenarios SwatOwlScenaros'2013-03-25_11h10m28
AEXAMPLENMODEL Scenaros SwatOwlScenaros 2013-03-21_13h44m 70
AEXAMPLENMODEL Scenaros SwatOwlScenaros 2013-02-13_16h 16m 72
l:\EXAM PLENMODEL \Scenarios \SwatOwlScenaros'2013-02-13_12h55m13

SEXAMPLENMODEL Scenarios SwatOwl Scenaros'2013-03-25_11h06m46
AEXAMPLENMODEL Scenaros SwatOwlScenaros 2013-02-13_12h58m48
AEXAMPLENMODEL Scenaros SwatOwlScenaros 2013-02-13_12h30mB8
AEXAMPLENMODEL Scenaros SwatOwlScenaros 2013-02-13_12h08m 73

AEXAMPLENMODEL Scenaros SwatOwlScenaros2013-02-13_12h06m53
\IJ:\EXﬁM PLEXMODEL \Scenarios"\SwatOwlScenaros'2013-02-13_12h01m02

ficpsaEgosaB oL o B8 EoNE B8 e
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| Exi o PO VO o SR LN R U
| R | | | ;

E i E
\\ / \ 3 ! : ! '-/T
AN e e e ] e ———— =} - ! I I 71

kY

N[h—;———————/ *
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Swat Model Run Selection Panel

ﬂ Swat Owl = WAEXAMPLEVMODEL\Scenarios\SwatOwlScenaniosh2013-03-25_14.., I. = | = &I

~

MEKAM PLEMMODELScenaros Default™ Tad InCut®,

ﬁ'u'.\EKHMF‘LE\I'-'IODEL\ScenannskSwatOwlScenanos 18_1 'Ih'I?m}9
WAEXAMPLENMODEL Scenaros SwatCOwl Scenarios ' 2013-03-26_13h05ma3

ISeﬂings | Run Scenz 1 | ¢
——

e

WAEXAMPLENMODEL \Scenanosh SwatOwl Scenarios 2013-03-25  14hZ2m51
WAEKAMPLENMODEL Scenanos' SwatCOwl Scenaros 2013-03-25_13h30m13
WABXAMPLENMODEL Scenaros' SwatOwl Scenaros  2013-03-25_11h41m5
WAEXAMPLENMODEL Scenaros  SwatOwl Scenanos 2013-03-25_11h37m3,
WAEXAMPLENMODEL  Scenaros \ SwatOwl Scenarios 2013-03-25_11h1 I]m%a
WAEXAMPLENMODEL  Scenaros  SwatOwl Scenanos 2013-03-25_11h06m
WABXAMPLENMODEL  Scenaros' SwatOwlScenaros 2013-03-25_11h00m1
WABKAMPLENMODEL Scenaros' SwatOwl Scenanos 2013-03-25_10h51m
WAEXAMPLENMODEL Scenaros SwatOwl Scenarios 2013-03-21_13h46m
WABXAMPLENMODELScenaros  SwatOwl Scenanos 2013-03-21_13h46m
WABKAMPLENMODEL Scenaros' SwatOwl Scenaros 2013-03-21_13h44m7
WABKAMPLEAMODEL" Scenaros' SwatOwl Scenaros  2013-02-13_16h16m
WAEXAMPLENMODEL Scenaros SwatCOwl Scenarios ' 2013-02-13_12h55m1
WAEXAMPLENMODEL Scenaros SwatOwl Scenarios ' 2013-02-13_12h58m
WAEXAMPLENMODEL Scenaros  SwatOwl Scenanios 2013-02-13_12h30m
WABXAMPLENMODEL Scenaros' SwatOwl Scenaros 2013-02-13_12h08m7
IW SEXAMPLENMODEL Scenarios  SwatOwl Scenanios'2013-02-13_12h06m
V&EKHMF‘LE\I'-'IODEL'\Su:enannskSwatOwIScenanos\Eﬂ'I3r'I]'2 13_ 'IZhI]"I

Evy
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Annual Water Balance Outpuﬁ

.
& Swat Owl = WARAVENSTHORPE\MODEL\MODELS\Scenarios\Default TxtnOutiy (== ]

i | jos | Annual WE i i
IAL_HYDROLOGY Settings | Run Scenarios nual Monthly WB | HRU | Growth | Analysis | Subbasin

13-03-21_12h15m35 -
13-03-21_12h14m55

1303-21_12h01m37

13-03-21_11h58m21 q PRECIP: 675.7

13-03-21_11h56m74 1 L SHOW FALL: &.81

13-03-21_11h54m18 SNOW MELT: 6.8

13-03-20_11h51m45 SUBLIMRTION: 0.01

13-03-20_11h26m85 SURFACE RUNOFF Q: 100.07

12-11-26_15h03m02 LATERAL SOIL Q: 56.16 £
12-10-11_15h46m38

TILE Q:- &66.54

GROUNDWATER (SHAL AQ) Q: 55.04
REVAP (SHAL AR{Q => SOIL/PFLENTS): O
DEEP AQ RECHRRGCE: 13.76

TOTAL AQ RECHRRGE: 68.81

TOTAL WATER YLD: 276.7 I
PERCOLATION OUT OF SOIL: &8.22

¥ ET: 372.1
I DET: 535.1
infraberuiplant upksloe! 3 Q TRANSMISSION LOSSES: 1.51
Sl marshuse reddnbuon 94 o SEPTIC INFLOW: O

TOTAL SEDIMENT LOADING: 1.411

12-10-11_15h46m01
12-10-11_15h44m76
12-10-11_13h16m85
12-10-11_13h16mE7
12-10-11_13h05m84
12-10-11_12h58m45
12-10-11_12h55m08
12-10-11_12h41m43
12-10-11_12h41m30
12-10-11_12h40m81
12-10-11_12h36m38
12-10-11_10h17m21 - Scenario 6C
12-10-10_12h07m6ES - Scenario &b I
12-10-05_15h47m11 - Scenario 1
12-10-05_15h35m06 - Scenario i
12-10-05_15h14m24 - Scenario 1h I
12-10-05_12h05m397 - Scenario 23
12-10-05_11h51m74 - Scenario 1e I
12-10-05_11h10m84 - Scenario 1g
12-10-05_11h02m38 - Scenario 1f
12-10-05_10027m46 - Scenario 1c I
12-10-05_10h15m43 - Scenario 1b Aplter Flow out of witerined R — z

12-10-05_10h05m03 - Scenario Ta \ 1376 S ,

Fievap from shaliow aguifer Percolation fo shallow aquiler GWQ Foten Flow

0 68.81 55.04

e — — — — — — — — — —

12-10-05_09h34m34 - Scenario 1d N
12-10-05_0%h21m14 - Scenario 0
12-10-01_15h04m23 - Scenario 4b
12-10-01_14h43m63 - Scenario 4a
12-05-25_12h33m60 - Scenario 3a y
12-03-25_10h15m53_SCENARIO_1a
12-08-25_{19h52m24_SCENARIO_0
RCHIVE_SEP2012

ACHIVE_OCT2012

RCHIVE_JULY2012 I

N

ACHIVE_AUG2012
113-03-21_12h11m34
112-10-31_12h31m42

Mott MacDonald



Annual Water Balance Selection

CASWAT\GRAFHAM\MODEL\SCENA Settings | Run Scenarios Annual WB
CASWAT\GRAFHAM\MODEL\Scenar
CASWAT\GRAFHAM\MODEL\Scenar

Monthly WB | HRU | Growth | Reaches | Analysis | Subbasin

hlll’;ﬂ\l"blu“‘l uptake/
Sol morsture redstabution
T v — 3727
Revap from shallow aguifer Percolabon 10 shallow aguter GWQ Rebum Flow
Snaliow [unconfined) 2.88 23.03 8.19
Aquife )

Fiow out of watershed Recharps to deep squter

18
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Annual Water Balance Selection

CASWAT\GRAFHAM\MODEL\SCENA Settings | Run Scenarios | Annual WB
CA\SWAT\GRAFHAM\MODEL\Scenar

CASWAT\GRAFHAM\MODEL\Scenar

Monthly WB | HRU | Growth | Reaches | Analysis | Subbasin

LARLL
Infitraborvplant uptake/
Soil moisture redstibution 66

v
Revap from shallow agufer Percolabon 10 shallow aquifer GWQ Rebum Flow
Shallow [unconfined) 0 68.81
55.04

Fiow out of watershed Recharpe to deep aquiter

13.76
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Monthly Water Balance Output

-
ﬁ Swat Owl = WHEXAMPLENMODEL \Scenarios\SwatOwIScenarios'2013-04-18_11h17md 3,

Settings | Run Scenarios | Annual WB | Morthiy WE |HRU [ Growth [ Anaiysis | Subbasin | — — i — e o
——
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&

C\SWAT\GRAFHAM\MODEL\SCENA

C\SWAT\GRAFHAM\MODEL \Scenai

C\SWAT\GRAFHAM\MODEL\Scenar

Monthly Water Balance Selection

Swat Owl :: CA\SWAT\GRAFHAM\MODEL\Scenarios\SwatOwlScenarios\2013-07-16_00h35m09\

Setiings | Run Scenarios | Annual WB | Monthly WB | HRU | Growth | Reaches | Analysis | Subbasin

Tile @ Percolate Gwa LatQ Sur@ Precip

L B eBsABEoNEBEEoBEBBEoNEB B BB

sw

PET ET/ Precip
8

Baseflow

15

100
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go
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8
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Lateral Flow (Soil) mmmm Tile Flow
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201
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2005

2007

2008
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Monthly Water Balance Selection

o) Swat Owl :: CASWAT\GRAFHAM\MODEL\Scenarios\SwatOwlScenarios\2012-11-26_15h03m02\ -

]|

EgwﬁﬁgEﬁg:ﬁmmgggag’:ENp Setiings | Run Scenarios | Annual WB = Monthly WB |HRU | Growth | Reaches | Analysis | Subbasin
cenar,
[C\SWAT\GRAFHAMIMODEL\Scenar = T T T -
CISVATIGRAR MODELScena o i [ GW Return Flow Lateral Flow (Soil) mmmm Tile Flow mmmm Surface Runoff |
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Swat Owl Settings

F
ﬁ Swat Owl :: WAEXAMPLE\MODEL\Scenarios\Default\TxtInOuth,

RQ@ET Coray/AT— = == == = e e———— — — —
EXECUTABLE: CASWAT\Arc Swat'rev585_64rel exe

SWATDATABASE: C:\SWAT\ArcSwat\Databases\SWAT2009.mdb
MODELDATABASE: WAEXAMPLEWMCO DEL \MyModel mdb

TATINOUT: WMEXAMPLE\MODEL Scenarios\Default\ Tt InOut

THXTEDITPATH: C:\Program Files (86)"DM Computer Solutions*Ura Edit'\Uedit 32 exe
STARTDATE: 01/01/2005

ENDDATE: 31/12/2012

HRUCOUNT: 1698

REFEREMNCEDIR: C:\Swat\Arc SWAT\ArcSWATHelp

SCENARIODIR: WAEXAMPLENMODEL\Scenarios \SwatOwl Scenarios

CASWAT

CHNSWAT\ArcSwatrevh85_64rel exe

g %?%’E
E g%“

CHSWAT\ArcSwat'Databases\SWAT2009.mdb

WAEXAMPLE'\MODEL \MyModel mdb
WAEXAMPLE\MODEL\Scenarios\Default Tat InOut*,
WAEXAMPLEAMODEL\Scenarios\SwatOwlScenariosh

C:*\Program Files (<86/\DM Computer Solutions®UtraEdit'\Uedit 32 exe

il
;
i

§
]
i

il

%
s_
E

%
|
!

=1

i

ArcSWAT User Manual
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SQL Script

Swat Model Automation

*

Change model database tables using

SQL ‘Update’ queries.
J
Write SWAT input files using
database tables
y,

v

Run SWAT Model

v

Copy SWAT outputs into a new
directory (named using date and
time of run). Write log file.

. J

“Y XY N
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,
& Swat Owl = WAEXAMPLE\MODEL\Scenarios\Default\TtinQuti (=B [z

HRU Outputs

Run Scenarios

|

Annual WB | Morthly WB| HRU | Growth | Analysis | Subbasin|

Settings

-~ 20,8 MODETON{arable RBEEL  (0-Z00 | |1823: 137,36 IENCHWORTH(ara SWHT  0-200 -]~

I 1,5 DEMCHWORTH(ara AGRL  0-200 0-200 1474: 137,37 ESIENDON (arabl SWHT  0-200
: 1,3 HANSLOPE(azabl RGRL  0-200 0-200 1425: 137,38 EVESHAM{arable SWET  0-200
4 1,4 RAGDALE(arable AGEL  0-200 0-200 1826: 137,38 HUCKLESEROOK(a SWET  0-200
I : 1,5 DENCHWORTH (ara WWHT 0-200 0-200 1427: 137,40 BAGDALE (arable SWHT 0-z200
6= 1,6 HAMSLOPE(arabl WRHT  0-200 184: 28,13 EFFORD{arable) WAHT  0-200 1828: 137,41 WICHEAM(arable SWET  0-200
I : 1,7 DEWCHWORTH(ara SWET  0-200 185: 28,14 HANSLOPE(arabl WART  0-200 1826: 138,1 SONNING(arable UREN  0-200

8: 1,8 HRMSLOPE(arabl SWHT  0-200 186: 20,15 MOBETOM (arable WHHT — 0-200

20y 187: 28,16 THRMES(arable) WiT  0-200 7| |1231: 135,23 HORNEEAM(arabl BAST  (0-200 2

%
.

} ; } q } q } } }
100 i i i 100 i i i 100 : : :
= £ ERECRE ERERE S
g s £ ERCaES E
® oo i E QL ERLRE
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Growth Outputs

& Swat Owl : WAEXAMPLE\MODEL Scenarios:SwatOwlScenarios\2013-04-18_11h17m4g\ = | Bl

| Settings | Run Scenarios | Annual WB | Monithty WB | HRU | Growth | Analysis | Subbasin
1: 1.1 HANSLOPE(arabl UREN 0-200 183: 29,12 RAGDALE(arable FRSD 0-200 1430: 138.2 SWAFFHAM PRIOR UREN 0-200 I -

O
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Subbasins

rﬁ Swat Owl = WAEXAMPLE\MODEL\Scenarnios\Default\ TxtInOuthl, = | B |-, )
| Settings | Run Scenarios | Annual W8 | Morthly W8 | HRU | Growth | Analysis | Subbasin |
e SUPS T SOTT DT e Rem oW o Trerm Fiow ————————u
/ ﬁ% Flow Surface Runoff \N
] T T T 10 3 T T T 10 3 T T T 10 3 T T T 1 3 T |\'\
30 = 30 = 30 = 30 =
[ @ & @ & @ 5 @ & ¥
- i 3 . 5 P 5 . 5 |
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i | ! o Fe | | FE R | | 0 Fee | | o Feasiid] |
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Automation of Parameter Changes and Model Runs

Swat Owl : WAEKAMPLENMOD EL\Scenarios\De'[auIt\Tlcl]nOut\‘ . E@g

Settings | Run Scenarios | Annual WB | Monthly WB | HRU | Growth | Analysis | Subbasin

F0S/2013 14:11:58++HHHrrr e

[EDATE ben 3ET E300 = 0.8

p— Update gw SET RCHRG_DFP = 0.07 WHERE RCHRG_DFP = 0 Messages
RUN

Mott MacDonald




Examplel:

#Scenario 1la: ESCO and EPCO
UPDATE bsn SET ESCO = 0.25
UPDATE bsn SET EPCO = 0.5
RUN

#Scenario 1b: ESCO and EPCO
UPDATE bsn SET ESCO = 0.5
UPDATE bsn SET EPCO = 0.1
RUN

#Scenario 1c: ESCO and EPCO
UPDATE bsn SET ESCO = 0.75
UPDATE bsn SET EPCO = 0.3
RUN

Example SQL Scripts

Example2:

#Scenario 1b: Update ESCO
UPDATE hru SET DEP_IMP = 4500 WHERE SOIL LIKE '%WICK%'

UPDATE hru SET DEP_IMP = 1510 WHERE SOIL LIKE
'%BANBURY %'

RUN

“Y XY 2
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Analysis

& Swat Owl : WAEXAMPLE\MODEL Scenarios\Default\TxtinOutil (== [

Analysis | Subbasin

B | Monthhy WE | HRU

bs Total: 10151.7

ﬁ , \q '
\ o [ [ [ [ [ [ \) S]_ [ [ [ "1 Pbs Total: 7304.2 I’
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Graph Functionality
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Objectives

Quick and easy way to visualise model outputs

Quick and easy ways to automate chaging of parameters
and run SWAT.

Visualisation enables greater understanding of the effect
changes to SWAT parameters.
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Thank you for listening.

Philip Selby, Integrated Water Resources Management, Mott MacDonald, Cambridge, UK
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