the SWATZ2005 Model with

Yun Seok Choi*
Kyung Tak Kim
Joo Hun Kim

Water Resources Research Division,

- Korea Institute of Construction Technology

,,,,,

R L e i b \ 2147] ZRE|O] AW ALY
- g% KOREA INSTITUTE OF 2XHRUO| X=X e J| ST At
* e CONSTRUCTION TECHNOLOGY Sustainable Water Resources Research Center




—
Contents
1

1. HyGIS?

2. HyGIS-Model ?

3. SWAT / GIS-SWAT
4. HyGIS-SWAT

5. Conclusions




sttem Back ground

i - Korean GIS software
GEOMania <: - Not includes hydro module

L

GEOMania HyGE -

HyGIS-I\/IodeI <: - A modeling system cooperates
Hy GIS-SWAT with HyGIS

Technology for
GIS based Hydro System

- HyGIS was developed in 2007

- Added on GEOMania universal
GIS tool(GMMap)

- Includes hydro module




Overvie

 HyGIS(Hydro Geographic Information System)

 Helps users can apply GIS to water resources analysis
and management efficiently

e Database system
(spatial, non-spatial, time series / static, dynamic)

« Component based system mmmmwmmmn -
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HMGlS ? Features

« DEM analysis

- Smoothing, sink & flat area treatment,
burning

Qoo
* Extract spatial information DWEOOE

DEM atershed nev?r Facilities
@ analysis | delineation yeperation mana gement

Develop applications

- Stream, watershed, hydrological geospatial parameters

e Construct stream network
- Enables linear referencing, network searching

* Develop applications
- Base system framework
- Watershed management system
- GIS based hydrologic, hydraulic,
water quality modeling system, etc.




HyGIS-Model ? Overview

* HyGIS application

« Comprehensive name of the models operated in connection
with HyGIS

* Using GDK(GEOMania Development Kits), HyGIS component,
COM based programming language(Visual Basic .NET...)

« Added on GEOMania GIS tool as extension modules

Origina
Model

Interface
Data Model Data Model
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 HyGIS / HyGIS-Model are database system
e 6 conceptual databases(mdb)

database operation

- Static/dynamic and spatial/non-spatial/time series
« RDB environment confirms stable and efficient

results are stored

Drainage Network Channel Hydrography

In dynamic DB | | | |

HyGIS spatial
DB(Static)

HyGIS spatial

DB(Dynamic)

GMTools HydroTools

 —
HxGlS-l\/lOdd ? Database oEeration/data flow

* Input data are extracted from static DB and modeling

Static |[Dynamic
—
Spatial DB
\./
Non-spatial
: DB
N~~~
Time series
DB
A
v
"
HyGIS time series
w R
v
—
EVGIS-Model HyGIS-Model
EVSESX”S j non-spatial DB
“HyGIS- .
-HyGIS-SWAT w
-HyGIS-QUAL2E
-HyGIS-TOPMODEL o
-HyGIS-GRM P
v
| v
<< HyGIS-Model
y non-spatial DB
v -
HyGIS-Model (Dynamic)

time series DB




SWAT

« SWAT(Soil and Water Assessment Tool)
- USDA Agricultural Research Service(ARS), Jeff Arnold.

* Predicts the impact of land management on water,
sediment and agricultural chemical

« SWAT2000(2003, 2005, 2009)

» Uses any amount of topographic data, time series data,
non-spatial data

e Coorporated with GIS software(ArcView, ArcGlIS)

« BASINS(Better Assessment Science Integrating point and

Nonpoint Sources, EPA)




SWAT GIS-SWAT

e Srinivasan and Arnold (1994)

- SWAT 1990 / GRASS — C programming language
e Bian et al. (1998)

- SWAT 1990 / Arcinfo — Arc Macro Language(AML)
*Di Luzio et al. (1998) - SWAT 1996 / ArcView — Avenue
*Di Luzio et al. (2002)

- SWAT 2000 / ArcView — Avenue(AVSWATZ2000)

*Di Luzio et al. (2002)
- Improved 1998 interface and was incorporated in
BASINS(BASINS SWAT)
sFrancisco Olivera and Milver Valenzuela(2004)

- SWAT2000 / ArcGIS — Visual Basic(ArcGIS-SWAT)
M. Winchell, R. Srinivasan, M. Di Luzio, J. Arnold(2008)

- SWAT2005 / ArcGIS - ArcSWAT2.1
M. Winchell, R. Srinivasan, M. Di Luzio, J. Arnold(2010)

- SWAT2009 / ArcGIS — ArcSWAT2009
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HxGlS-SWAT ? Overview

e HyGIS-SWAT
- for the SWAT2000 model in 2007(Ref. AVSWAT2000)
- for the SWAT2005 model in 2009

* Interface system to run SWAT2005 in HyGIS

 Make input files and treat modellng results

HyGLS 2009 Beta r.|~.w 20! .,. S _Sample_GA_SWAT.gmw]
dm@ !ag EEY 1300 Extenton=dt 5'_7|u —— A€YAGT P

e Call SWAT2005.exe e J% )

IS Tons AN o5 Sl e B T B
5 v 8 %
IS 2009

 Using GDK(GEOMania . s

Development Kits) and =
Visual Basic .NET B

« Added on GMMap as

i3
xgs
8

i
5% i

extension module

11



HyGIS-SWAT Methodolog

* Interchange
- Separated GUI, interchanging input files by user
* Interface
- Pre/post processing, running model, user interface

Systeml <_ System?2

User Interface

 Integration
- Integrate more than one system into one system.

12




e —
HxGlS-SWAT Environment

*HyGIS, HyGIS-Model
- Interface system based on GIS and database

eSpatial database : GSS (from GEOMania GIS)
- GEOMania Pro/3D, GMMap

Non-spatial, timeseries database . MDB
- MS Access

*Using GDK, VS2008, VB.NET (.NET framework 3.5)
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e
HxGlS-SWAT ImBIementation

Model(SWATZ2005) analysis(vs. SWAT2000)
- Input/output files format, parameters
- New or removed variables/renamed or moved variables
- New input file, renamed filename, file format changes

- Applying sub-hourly precipitation

Upgrade HyGIS-SWAT (for the SWAT2000)
- Visual basic 6 -> Visual basic .NET
- Add new GUIs, functions, and processes for

new variables and new input files format
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HyGIS-SWAT data model Overview

* HyGIS spatial data model : adopts the concept of Arc Hydro data model

 HyGIS-SWAT data model : the application of HyGIS data model

» Spatial data model : drainage area, main stream, monitoring point,
network information

 Monitoring point is connected with time series database

* Time series database table: TSType, TSMeta, TSData

GEOMania::Recordset
-OBJ
-OID
[ ] v
HydroRecordset NodeRecordset TSData TSMeta TSType
-HydrolD -NODE_ID : long +TSID : Integerl :¥§ll'3;-);n:t?r?teerger +TSType : String
oalTine Stng > g [l
é StationDB . +Name : String .
+Unit : String
[ | -OID : Integer !
. ) . +TimelNT : Integer
Drainage Hydrography -f't\?goRrgé;(J)ebEStrg 9 +Editor : String o
- - -| : St ) .
-DrainID : long -HYDROCODE : String NAME : String fing +DataSource : String
-NAME : String _NAME ‘ENG - String +ValueType : String
$ -RiverSystem : String :Ed"Dalt(eT'ST? - String
‘ 4 -Location : String emark : String
[ - -Longitude : String
DrainageArea MainStream HydroPoint HydroJunction -Latitude : String l
<Geometry : polygon>| |<Geometry : polyline>| "m0 Sting "HYDROID : long -CoordinateSystem : String v v
-HYDROCODE : long -LENGTH : double -REF_HYDROID : long -HYDROCODE : long -BeginDate : String View_TSData
-NAME : String -SLOPE : double -NAME : String -Elevation : String TSID - Integer
-AREA : double -WID : double -FTYPE : String -Tidallnfluence : String H drobodeq Strin
P : double -DEP : double l% -LENGTHDOWN : long -ZeroOfGage : String +Nym - Strin ¢
-Slope : double -AREAC : double -NEXTDOWNID : long -ElevationOfBM : String +T§Te o Str?n
-Elev : double -ELEV_MIN : double MonitoringPoint -PossibleGageReading : String +Date¥IPi§1-e _ Str?n
-SLL : double -ELEV_MAX : double -GagingOfDischarge : String +Value : double 9
_MFL : double -NEXTDOWNID : long -BasinArea : String +Unit : étrin
-MFS : double -DistanceFromDownStream : String +TiméINT N gtrin
-MFW : double -Remark : String -DataType.' Stringg
-MFD : double e
-NEXTDOWNID : long Darasaurce <o 1ing
-REF_HYDROID : long - Sting

[Spatial data model] [ Time series data model]
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HyGIS-SWAT data model Static non-spatial DB

e Default value of SWAT input

* Physical values of
land cover, soil,

HyGIS-SWAT Static DB

SoilDB CorpDB UrbanDB FertDB PestDB
il -SNAME : String -ICUM : Integer -IUNUM : Integer -IFNUM : Integer -IPNUM : Integer
C r O p y fe rt I I I Z e r, et C . -MapType : String -CPNM : String -URBNAME : String -FERTNM : String -PNAME : String
-NLAYERS : Integer -IDC : Integer -URBFLNM : String -FMINN : Integer -SKOC : Integer
. -HYDGRP : String -CROPNAME : String -FIMP : Integer -FMINP : Integer -WOF : Integer
-SOL_ZMX : Single -BIO_E : Integer -FCIMP : Integer -FORGN : Integer -HLIFE_F : Integer
® We at h er S t at I 0 n D B -ANION_EXCL : Single -HVSTI : Integer -CURBDEN : Integer -FORGP : Integer -HLIFE_S : Integer
-SOL_CRK : Single -BLAI : Integer -URBCOEF : Integer -FNH3N : Integer -AP_EF : Integer
-TEXTURE : String -FRGRWL1 : Integer -DIRTMX : Integer -BACTPDB : Integer -WSOL : Integer
to g e n e r at e W e at h er -SOL_Z[10] : double -LAIMX1 : Integer -THALF : Integer -BACTLPDB : Integer | [-HENRY : Integer
-SOL_BD[10] : double -FRGRW?2 : Integer -TNCONC : Integer -BACTKDDB : Integer | |-PESTNAME : String
-SOL_AWC[10] : double -LAIMX2 : Integer -TPCONC : Integer -FERTNAME : String
d -SOL_K[10] : double -DLAI : Integer -TNO3CONC : Integer -MANURE : String
at a -SOL_CBN[10] : double -CHTMX : Integer -OV_N : Integer
-CLAY[10] : double -RDMX : Integer -CN2A : Integer
-SILT[10] : double -T_OPT : Integer -CN2B : Integer
-ROCK([10] : double -T_BASE : Integer -CN2C : Integer
® S et m an y p ar am et e r S -SOL_ALB[10] : double -CNYLD : Integer -CN2D : Integer
-USLE_K[10] : double -CPYLD : Integer
= = -SOIL_EC[10] : double -BN1 : Integer WeatherStationDB
Of SWAT u S I n g th I S D B -BN2 : Integer TillDB -NAME : String
-BN3 : Integer ot
X - -WLATITUDE : String
-BP1 : Integer -ITNUM : Integer e
° U d k d : MgtType _BP2 : Integer -TILLNM : String m%fg\? 'ngr?fe String
S e to m a e y n am I C -OPTIONID : Integer -BP3 : Integer -EFTMIX: Integer -RAIN YIIQS : ?nteger
OPTION : String -WSYF : Integer -DEPTIL : Integer _TMPMX(H)'. Single
-FULLNAME : String -USLE_C : Integer -OPNAME : String TMPMN(12) i Single
D B -GSl : Integer -OPNUM : Integer oy o
VPDFR : Integer -TMPSTDMX(12) : S{ngle
-TMPSTDMN(12) : Single

-FRGMAX : Integer

-WAVP : Integer -PCPMM(12) : Single

NRCSCN -CO2HI : Integer ManningN -PCPSTD(12) : Single
CONDITIONID : Integer | |-BIOEH! : Integer D : Integer Iﬁgp\iﬁ%z}s’ifﬁé’b
-CONDITION : String -RSDCO_PL : Integer -TYPE : String -PR_W2(12) . Single
-CROP : String -OV_N : Integer -FLOWCONDITION : String -PCI_DD(lZ) . éingle
-COVER : String -CN2A : Integer -CONDITION : String —RAINHHMX(lZ) - Single
-HYDROGRPA : Integer -CN2B : Integer -DEFAULT : Integer LSOLARAV(12) - éing%
-HYDROGRPB : Integer -CN2C : Integer -MINIMUM : Integer -DEWPT(12) : S‘ingle
-HYDROGRPC : Integer -CN2D : Integer -MAXIMUM : Integer -WNDAV(12) . Single
-HYDROGRPD : Integer -FERTFIELD : Integer -ORICONDITION : String :
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H¥G|S-SWAT data model Dxnamic DB

« Composed of three groups - HRU, input, output

« HRU group : HRU calculation

e [nput group

. directly used to make
SWAT input files

e Output group

. main output files of
sub, rch, hru, etc.

» Users can analyze
output using tables

and chart.

HyGIS-SWAT Dynamic mdb
CODE_LU CODE_ST HRU_FULL | [HRU_RESULT| |LANDUSE_DEFAULT
HRU
TABLESINESN | [TABLESINCHM| [TABLESINCOD| |TABLESINGW| |TABLESINHRU
TAELESINLWQ | [TABLESINMGT1 | [TABLESINMGTZ | | TABLESINPND | | TABLESINPP
Input
Tables |[7ap EsiNRES| [TABLESINRTE| [TABLESINSUB| [TABLESINSOL | [TABLESINSWQ
TABLESINWGN | | TABLESINWUS | | TABLESINWWQ TSInfo
TABLESOUTSUB TABLEEUUTRCHITABLEEOUTHRU TABLESOUTRSVY
Output |
Tables | [TABLESOUTWTR|| Projectinfo ||ResultSummary
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HydroTools

HyGIS-SWAT
Static MDB

SWAT2005 HyGIS-_SWAT
Dynamic MDB

Channel

HyGIS
Timeseries
DB

[Data flow of HyGIS-SWAT in HyGIS-Model environment]
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HyGIS static

spatial database

HyGIS static
timeseries

Meteorological
Information

database

Parameter
Input

N
\_/
Digital Map %» DEM y
HyGIS dynamic
Watersed T
delineation and y
calculation of ——
HyGIS-SWAT
parameters static non-spatial
l %a_base/
N
Soil Map HRU N —
Landuse Map definition HyGIS-SWAT

Parameters
Edition

l

dynamic

timeseries/non-

Model
Input Files
(DOS)

;

SWAT2005
Execution

v

Output Display

& Charting

Output
Files
(DOS)

HxGlS-SWAT Oﬁeration process
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HyGIS-SWAT

Operation

FOCEesSS
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=Hl Scale 11205544, 1322 ¥ 1 228720, 2965 Y+ 440908,5303 v




Setup watershed =1k
—Select layers ExtentonEdit 27 ZHw TSTH - 8 X
DEM IGADEM.HGD j : %| | ) )
C& None ~ Rg* k3 i
Subbasin | Subiiiatershad -l I ; . - P
F® Setup land cover/soil map ﬂl\é | * % i
[~ INLET I A3 * o X
—a3elect Layers - X ojcy Aoy
Main strearn |Sul Land cover [GA_LC.RGD =] |C:wwmswmtgriawggr@w@g_u;l Hydro Tools ~ Help ~ —— &
[~ Reservoir I Soil [GA_DST.RGD =l |C:WHyGISWTutoriaIW%‘C‘._PEWGA_D _I L = AT i
hd o i i S !
Watershed [SubWatershed RGD | s | ; E
[~ Puoint source I ! Make full HRLI Refresh v d |
Slope |HyerDEM_S|0pe_GH.Fj : .y B al '
[ Land cover [ Sail J 157 4
Userame | SWATMame - Userflama el = |
i |
=BAE AGRRA ;. —Precipitation Ternperature ZEEE ¥ & X
£ Strez AT FRSE 1  Simulate < " Simulate & Observed
£ subW ]
5 Wate == WaTH : Station layer |RFS_SWAT =l Station layer |WTS_SWAT =l
F- L
&F Catc J\IJ‘I-;I::‘;E"‘?(IC“ ZV:JE - Station code |HydraCODE =l Station code  |HydroCODE =l
i A e 1 n n
g ;:E = o - .| Elevation field |Elevation | Elevation figld |Elevation =l
S\ Wate  Fyl KA | Land cover| Sl | Wetershed 110 & sorar et =I5l
&, Catct .
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% i:r:: _h AGRR IHH 326 | Station layer |WTS_SWAT =1 Starting : [T =] /[T = /[T =] Ending ¢ [7004 =] /[12 =] /[31 =]
=1
3, Firt ! AGHRR ‘:"id ]35 Station code |HydroCODE =l
1 AERA oA p —Forecast Period
2B Hydr 1 AGFR = 371
£%, GADE = —Relative hurnidity I~ | Simulate Forecast Period
1 AGRA = 141 i o
5, GAL ] SGEF e = " Simulate & Observed Staning(wyw’mm/’dd)l > fl 'l / 'l NumberofSimuIationl 0
@ eAL q = . Station layer |WTS_SWAT =l
Station code |Hydr0CODE LI —Rainfall Distribution
oK & Skewed normal " Mixed exponential  Exponent I
— —Printout Seftings
¥ j i+ Daily MYSKIP 0 I~ Erint Soil Chem Output [ Brint Hourly Output
.y ¢ Muonthly [~ Brint Pesticide Output. [ Print Soil Starage
.!' C Yearly I~ Erint Log Flow: I~ Linnit HEL Output
J y
MapConhentsWew]m Setup SWAT | Fun SWAT Save and Close
ZH| Scale 1: 1917848017 ® 1 211887,3615 |

21



v Develop the HyGIS-SWAT system
v Provide easy and convenient modeling environment with
GIS and database

v Can make effectively the input database of SWAT model

appropriate to Korea

v' Obtain the technology for the nation wide modeling support

system based on GIS and database

v Expect to be used as the convenient tool for applying the
SWA'T model
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THANK YOU...
(http://hygis.kict.re.kr)
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