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Model Integration

Sharing of information between models is
necessary to capture the complexity of
natural hydrologic processes.

This sharing of information between models
In a systematic fashion is called here model
Integration.
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Model Integration

Connection on a hub basis.
Independent of the already
connected models



Arc Hydro

Arc Hydro can be used as the
hub for connecting hydrologic
models.

Arc Hydro
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Arc Hydro

ArcGIS Hydro Data Model

http:/farconline.esri.com/arconline/datamodels/water.cfm
http:/Mmww.crwr.utexas.edu/giswr
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[What It IS and what it Is not ...

= Arc Hydro is a geodatabase,
that is, a relational database
that contains geographic
information.

= Arc Hydro is .: ta
model for spatiatand temporal

hydrologic data.

= A data model is a template
for organizing data, so that it
can be found and retrieved
easily.

Entertainment center



ArcGIS-SWAT

SWAT
ArcGIS-SWAT is an ArcView 8.x preprocessor

for the Soil Water Assessment Tool (SWAT)
compatible with the Arc Hydro data model
developed by Texas A&M University — Civil
Engineering and Forest Sciences with support
of the U.S. Army Corps of Engineers.

Improvement with respect to AVSWAT
developed by Di Luzio et al. Arc Hydro



SWAT/GIS Interfaces

Srinivasan and Arnold (1994). SWAT 1990 / GRASS - C programming language.
Bian et al. (1998): SWAT 1990 / Arcinfo — Arc Macro Language (AML)

Di Luzio et al. (1998): SWAT 1996 / ArcView — Avenue programming language.

Di Luzio et al. (2002): Improved 1998 interface and was incorporated in BASINS.

Olivera et al. (2003): Improved 2002 interface for ArcView 8.x — Visual Basic



[What's new?

Compatible with the latest ESRI GIS software package
ArcView 8.x and programming standards.

Uses a geodatabase data structure to store (and relate)
spatial features, parameter tables and time series tables.

Stores the location of the hydrologic response units (HRU).

Includes a Monte Carlo parameter simulation utility.



ArcGIS-SWAT Toolbar
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[Watershed Delineator

. Watershed Delineation
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| Watershed Delineator ]




| Watershed Delineator ]




Features Classes

Texas

A&M University

J] ArcGIS SWAT Data Model (Dynamic Geodatabase)

ESRI Classes: Object
+OBJECTID : esriFieldTypeQID

All

| 5Bl Classes Featue |

SWAT Dataset

LGaoms

FGRIDC
~SUBBAS
-AREA:
FLEM1 ¢

-SLO1

-SLL e
~CSL e
FWIDA

CLAT @

LLONG_|
-ELEVA
~BMNAME]
-HYDRO)
-OUTLE]

Outlet

{GeometryType = esriGeometryPoint}

MonitoringPoint

{GeometryType = esriGeometryPoint}

-GRIDCODE : esriFieldTypelnteger

-XPR : esriFieldTypeDouble
-YPR : esriField TypeDouble
-LAT_ : esriFieldTypeDouble
-LONG_ : esriFieldTypeDouble
-TYPE : MonitoringPointType
-HYDROID : esriFieldTypelnteger

-XPR : esriField TypeDouble
-YPR : esriFieldTypeDouble
-LAT_: esriFieldTypeDouble

-TYPE : MonitoringPointType

-GRIDCODE : esriFieldTypelnteger

-LONG_ : esriField TypeDouble

-HYDROID : esriFieldTypelnteger
-OUTLETID : esriFieldTypelnteger

\

1=

-
-AREA : esiiField TypeDouble |  HasZ=False) | -SOIL_NUM : esriFisldTypelnteger
FGRIDGODE : esrFieldTypelnteger -S0IL_CODE : esriFieldTypeString
FFROM_NODE : esrField Typelnteger -MEAN_SLOPE : esriFialdTypeDouble
[ TO_NODE : esriFieldTypeinteger -AREA : esriFieldTypeDouble
-HRUID : esniField TypeString




Relationship Classes

map1.mxd - ArcMap - ArcView

File Edit Wiew Insert Selection Tools Wwindow Help

DeEed&E B> |« b ABTIRED v | 2f | & K2 wsor T | Spatil dnalyst v Layer: [hondoricd = B testpru

| SWAT Definition™ Write Input Tables> Edit Input> Simulation™

E Attributes of Outlet

| GRID_CODE| Xt Ypr | Type| HydralD |
13 450539.939397 3275620000013 23611613 -39 406935 | L 100004
14| 452129,939399 3274130,000011 | 29536414 -59.391074|L | 100005
H| 452139935359 | 3274130000011 | 25 536415 -89 390971 |L i ER =
1 471670.000007 3264530000002 29510027 -39 292308 | L I 100007 : <
4| 471680.000007 | 3264530,000002 | 23510027 | -59.292205|L 700008 |
16| 452253935359 | 3262450000000 29431006 -89 385327 |L | 100009
12 452249,939339 3262440,000000 29430916 -39.389430 L 100010 v
[k
Record 14] 4| 7 v |m] Shnw-W Selected | Pecords [1 out of 22 Gelected ) o o
= Reach i
_ i} [t
= O PalyHru 34 "

+
b

=

= b watershed
[

1 O LongestPath

= Biasin

E Attributes of Watershed

[ Bname Shape_Length Shape Area

95.307270 391,34 <Null> 1850.000015 10421200.015411 30000! 100007 | s
89371052 455 57 | <Null> 201793 935091 10858299.837185 3000027

-99.276772 317.45 <Hul> | 19080.000018 10923800.020347 300003 100076
-99.289378 35838 <Nul> [ 23339.999898 14029839.774613 300004 100008
93444748 B12.97|<Null» | 26630.000025 14531000.027178 | 300005 100001

n amnne B o A AR = aEAnn “mnnen | Snnnn bl

< |

Record M 4| 1 r|m| Show | Al Selected | Records [1 out of 22 Selected) Optiors =
X T =1 - = |
Display  Source ,;:NL] S 2

474106.21 3264527.20 Meters

= Watershed — Outlet: One-to-one relationship class.



Relationship Classes

map1.mxd - ArcMap - ArcView

File Edit View Insert Selection Tools MWindow Help

DS E&| B x| | & [z v| [2f | &1 K2 weor T | spatislanabyst v | Layer [hondonked | B M testphu

| SWAT Definition™ | Write Input Tables | EditTnput™ | Simulation~

E| Attributes of Outlet
| GRID_CODE|

Xpr Ypr HypdrolD

13 460599.933957 3275620,000013 23611619 95406935 100004
i 14| 462129593953 3274130,000011 | 29536414 93.391074 |L 100005
2| 452139.993959 | 3274130.000011| 23536415 -98.390971 |L L000E =
3 1] 471670.000007 264530000002 29510027 89292308 | L I 10000?= <
4] 71680.000007 | 3264530,000002 23510027 99292205 | L
18| 462259,993959 | 3262450000000 29.491005 93389327 |L 100003
H| 12| 452249 995939 3262440.000000 23450916 -59.389430|L 100010 v

|~
|

Record 14 «] 7 #In|  Show[ Al Selected | Records (1 ot of 22 Selected ) Dptiors |
e i -at
= O PalyHru Y

[}
= M watershed

O
= [ LongestPath

=] Basin

E Attributes of Reach

Shape_Length HydrolD OutletlD

0.872237 8312 40257 | 4030 EDJ6ES 200007 7
vaes En) 536, ssorovse oo toonor ]«
03738 En) %197, wes 2000 3 3
1010164 348,36 389,12 11936265516 200010 100008
0627026 348.36 44352 15684474095 200011 100010 i
< Iz
Record 4] 4] 1 #|M| Show| Al Selected | Records [1 out of 22 Selected | Optiohs =
S T = - — = |
= " SO |
Display _Source | CIER | 0|

Mumber of features selected: 2 | [471268.53 3264664.95 Meters |

= Reach — Outlet: One-to-one relationship class.



Solls

Land Use and Soil Definition M[=](E3]
Classes
Land Use | B TiE25
~ Soils Gnd I 155
B Te525
= | Ic:\SBCDSimulation\watershed\ﬁrid\LandSoiIs1 - TYIE4
[ TR1s7

r Choose Grid Field
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LookUp T able | sble Grid Walues > Sails Attributes
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1.86
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Crerlay |

Lo R T




L and use / land cover

SwatLandUseClassiLandlsel )

. Land Use and Soil Definition M=E3
= National Land Cove Classes
| GolDats | I aTR
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Soills and Land Use Data

SwatsoilClass(Land3oils1)

Classes
B TER25
B T5155
B 7525
I TE2ad
[ T=157

s(Landlsel)




Hydrologic Response Units

“. map1.mxd - ArcMap - Ar

= Definition of the Land Use/Land Soil distribution  [= |[B][X]

| Eile Edit ¥iew Insert Selection

%@ﬁ |ﬂ]]11 test phu

DsE& b e
" Dominant Land Usze - Land Soil
Type
® L
e T
2 H Reach f* Multiple Hydrological Rezponse Units

# M PolyHru i
= B Watershed Land Uze percentage (%] over zubbasin area

O
= O LongestPath
— n
= 0O gasin |
O
=1 [0 Flow gaging Stations /J 1/

R
# [ 5eco-STATSGO

# [ Seco Creek DEM ] 2R.3E2R

= O SwatSoiclass(LandSol

Classes

Laers: [<Topmost e | 001 Gz percentage (%] over Land Use area

[ =1 Palyh
e 0
[
p alr
PRI i iy e e e i i i nn unenn ey

0 100 : 1
ﬁ?_ﬁ !

W RNGE -
= ok | o | e ali,
_Display _ lj

=  HRU are generated by intersecting watershed, soil and land-use polygons.



Hydrologic Response Units

[ <all other values=
HYDROID
W s00001
W 600002
W 600003
[ s00004
[ 600005
W 600006
[ 500007
I 600003
W 500009
I 500010
W G00011
[ 600012
W E00013
W G00014
[ 600015
W G00016
[ 600017
I 500015
W G00019
W 500020
I 500021
[ 600022
W 600023
[]e00024
[ 600025
W 600026
I 500027
W G000z
I 600029
[ 600030
[ 600031
[Ee00032
[ 600033

HRU are generated by intersecting watershed, soil and land-use polygons.



Features Classes

Texas A&M University
ArcGIS SWAT Data Model (Dynamic Geodatabase)

ESRI Classes: Object
+OBJECTID : esriFieldTypeQID

All

ESRI Classes: Feature
+Shape : esriFieldTypeGeomeatry

SWAT Dataset

I[ Watershed
GeometryType = esriGeometryPolygon}

-GRIDCODE : esnField TypeDouble
-SUBBASIN : esriFieldTypel nteger
FAREA : estiFleldTypeDouble
-LEM1 : esrFieldTypeDouble
~SLO1 - esniFieldTypeDouble

-SLL ; esriField TypeDouble

-CSL : esriFieldTypeDouble

FWID1 : esriFieldTypeDouble
-LAT : esrFieldTypeDouble
-LOMG_ : esriFieldTypeDouble
-ELEVATION : esriField TypeDouble
FBMNAME : esriFieldTypeString
HHYDROID : esriField Typalnteger
LOUTLETID : esrFieldTypalnteger

MonitaringPaint

GeamelryType = esriGaeomeatryPoint}
FGRIDCODE : esnFieldTypelnteger

FHYDROID : esriFisld Typalnteger
FOUTLETID : estiField Typelnteger

-AREA, : esnField TypeDouble

FFROM_NODE : esrField Typelnteger
+FTO_NODE : esrFieldTypelnteger

FGRIDGODE : esrFieldTypelnteger

PolyHRU I

L
sl ) Outlet
{GeomtlyTyﬂe =an$eometlyF‘olyllne. GeometryType = esriGeometryPoint}
asM = True, —
HasZ = False} :ﬁéqﬁ?:a:?:;ﬁﬁ:mmgsr PR : esriField TypeDouble
-GRIDCODE : esriField Typelnteger LYPR - esriFieldTypeDoutie ['YPR : esriFieldTypeDouble
[-FROM_NODE : esriFieldTypelntager || AT esiFieldTypeDouble FLAT_ : esriFieldTypeDouble
FTO_MODE : esriFieldTypelnteger LLONG_ - esriFieldTypeDouble FLONG_ : esriFieldTypeDouble
FSUBBAEIM : esrField TypeDouble | TYPE :_I\.lonitnrinanintTyp o FTYPE : MonitoringPointType
FDOWNSTREAM_SUB : esriFieldTypeDouble LHYDROID : esriField Typelntager
SCONTRIBUTING_AREA : esrFieldTypeDouble|
HLENZ : esriField TypeDouble
FSLOZ2 : esriFieldTypeDouble
HMIN_ELEV : esriFieldTypeDoubla
HMAX_ELEV : esriFieldTypeDouble
-STREAM_NAME : esnFieldTypeSting
HHYDROID ; esnFieldTypelntager
FOUTLETID : esriFieldTypelnteger
& e {GeometryType = esiGeometryPolygon)|
asin LongestPatl -SUBBASIN : esriFieldTypelniager
(GeometryType = esriGeometryPolygon} Geometry Type = esriGeometryPolyline, LU NUM esﬁFieMTypi'I):legegr
HPERIMETER : esriFieldTypeDouble ashiSiTive -LU_CODE : esriFieldTypeString
fiase Srsisel -SOIL_NUM : esriField Typelnteger

-SOIL_CODE : esriFieldTypeString
-MEAN_SLOPE : esriFieldTypeDouble
-AREA : esriFieldTypeDouble

-HRUID : esriFiskd TypaString




Relationship Classes

*.map1.mxd - ArcMap - ArcView

| File Edit Wew Insert Selection Tools Window Help

DEES

L BB

T | + “1:28.804 vl | g | & i A2 wepT . J Spatial Anakyst + | Layer |handanled

_L! @ [ test phu

|
] ‘ SWAT Definition™ | Wiirite Input Tables™ | Edit Input> ‘ Simulation™

0 ate ed L]
OBJECTID*| Dissolve_Shape™ GRIDCODE Subbasin Area Slol Lenl ~
13| Polygon 13 13 4333.610008 18.168051 13702943284
14| Polygon 14 14 414.440007 10.243034 4304.510240
15| Polygon 15 15 1050.700002 15.3859720 8119550640
16/ Palygan 15| < —
17 | Palygon T 17 735.179578 3.959074 7206.369259 | @
BT L ye— in an Ad4Ar CAnAne A ArAnan ek el
< I il =
Recard: ﬂjﬂl 1 _L]Li Show:{ Al Selected | Fecards (1 out of 22 Selected.]

PolyHru

]
= O LongestPath

= O Basin

= O Flow gaging Stations

# [ Seco-5TATSGO
% [ Seco Creek DEM

Optiohs + |

= ) - L
= O SwatsoilClass{Landsails1) £=y o =
ed A D es of Po L]
Shape_érea LU_NUM | LU_CODE | SOIL_NUM | SOIL_CODE MEAN_SLOPE AREA Al
v 26539399.56797] | 16 42|FRSE 2|TK155 15504246 26533400
2777433 36037 | 16 51|RNGE 2|TR155 11 453487 zrrson] (e
536393.95865] 16 41|FRSD 2|T155 26515844 £57000 B
518300.00096] 16| - .
85479395753 16 71|RNGE 2|T®155 | 10815132 864800
434200.00020§ 16 31| 5WRN 2|TH155 | 9.200398 434200
5340000017 §| 16 83| AGRC 2|TH155 | 4 FER328 53400
& 2T~
Record: 14] ¢ | 1 v|] Show Al l Selected  Records (18 out of 358 Selected ] Options ~
A i =

HRU — Watershed: Many-to-one relationship class.




[Weather

@ Untitled - ArcMap - ArcView

J File Edit Wiew Insert Selection Tools ‘Window Help

J Spatial Analyst * | Layerl LI ‘Weather Module EP"; ‘ ‘
Jagﬂé‘xgx‘n | & [z v|:¥fz|@|k?|
e
= £F Layers @
= ‘Weagages Q
® uw
El B Watershed ::
O 3
' @P Weather data definition ﬂ

( Relative Humidity Data T Solar Badiation Data T Wind Speed Data
Weather 5i i Datar Rainfall Data T Temperatwie Data I

£ US Dat LW T IAEVTER FERETTH

Look in: IE dinamic.mdb j EI o368

= Custom
| EHE pointsdaily sol
i
P =|_ ElExport_Outpat Elpointsmonthy  Elsub
|| EIn poinksyearly Suban
[ e g —
~Status——————————————— [Elhrs pp2 TimeSeties
=] lusa ppi TSType
1= mgt1 Elres
US Stations loaded from US D[] gz Erte
1= pnd slope (] wus
Quit |
Wame: | dd

Display I Source o c E Tal
F I'= LI ———————Personal Geodatabases
= - - Avial 10 A Text File
J Drawing - R g | = £ = || L ;I I j weu |_F'ersﬂnalﬁendatahase tables
All filters listed

=
9
Show of type: |F'e|soma|Geodalabasetab\es = Cancel =1 é
Q
~

distant| | @ 3 O & QE | Desktap i e B
« :
J #&y Project! - Micr.., | % ArcObjects De. .. | ' 2 Notepad v| $ ArcCatalog - Ar.‘.l QUntitled “Rre.. | Y untitled - Paint | e




[Weather

@ Untitled - ArcMap - ArcView

J File Edit View Insert Selection Tools ‘Window Help

J Spatial Analyst * ‘ Laysr.l LI Weather Module 3)2 e |
|DEsEa|sm2ax|> = & \IWH 7 &% |

==

ER=] Layers
= Weagages
-

= M watershed

:c::.@.@

O
@ Weather data definition ﬂ
!
| f Relative Humidity Data T Solar Radiation Data T Wind Speed Data
‘Weather Si i Dala]’ Rainfall Data T Temperature Data |
|
|
 US Dat le Weagages
Look in: a dinamicl.mdb | B
¢ Custan @ =l & alswlie]
EH pointsdaily sol
i
Locations table :l— [Z2] Export_Output pointsmonthy Elsub
I] EET poinksyearly Subign
EE pp stg —
~Status————————————————— |Z=]hrus ppz TimeSeries
[ luso ppi TSType
== mgt1 res uncomb
US Stations loaded from US D [EE]mgez tte Ewan
2=l pnd slope wus

Quit

Name: I Add

Shaw of lype: IPersUna\Gsudalabasetahlss ;I Cancel | ;I

YosoIal

Display | Source ﬁ

e
Palsnnal Geodatabases

JDrawmg' kn||:|' A :Z“hlﬁ B 7 u‘ATaxtF\Ie

Personal Geodatabass tables
Al filters listeed.

i.’Slartl |le@s sz | Desktap e o
J #5 Project! - Micr... | % Arcobjects De. .. | b 2 Motepad | &l arccatalog - ar. ”Q Untitled - Arc... | U untitled - Paint




. 1_FRSD_PA & 1_FRSD_PA0Z2

. Sub; Subbasin 1

Subbasin general

Editing Input Data

=)

BX CoX

d | Adjustrients
ata
d\PoonrA:70
COMMAND YALUE | UNITS HITS
HBUTOT 44 ” uul|
LATITUDE 40506186 [dedgreesz] T ]
ELEY 933 [m] Hays]
PLAPS 0 [rorndkrn] Hays]
TLAPS 0 ["CAkm] ]
SHO_SUB 0 [mm]
CH_L1 £.83805 | [km] i)
CH_51 0022041 [mdm] raction]
CH_ w1 B.0822 [m] o
EH_K" 0.5 [I‘I‘ll‘l‘l.-"hr] T|3.-"IT|3]
CH_N1 0014 n — g M
co2 0’ [ppm] g M)
CANMCEL
| (1] ‘ CAMCEL ‘ b i
| 2k ‘ CAMCEL J




Editing

in. Edit SWAT databases

=0l

For editing double click on the database

- 0
User Weakher Stations
Land Cover;Plant

icide

Tillage

LUrban

Exit |

. Land Cover/Plant Growth database

[ User Weather Stations

User Defined Weather Station

Static Geodatabase

g = |
o]

Weather Station Name|wea30

Sample
weab? RAIN_YRS 10 [Years] hﬂ
TIktill WILATITUDE 33.65 I[Dearees]
o |
—BY SOIL —BY LAYER
SNAM Sample SOL_7 152.4 [mm]
sample1 NLAYERS 4 [1to10] SOL_BD 1.32 [o./cm3]
Sample23 HYDGRP 4| [AB,C or D] SOL_AWLC 013 [mm,/mm]
samplel SOL_ZMX 2032 [mim] SOL_K 2180 [mim/hr]
GILPIN ANION_EXCL 11.z| [Fraction] SOL_CBN 0.73 [%o soil weight]
sdfgsdfgdf S0L_CRK 0 [m3/m3] CLAY 7.5 [*0 soil weight]
TEXTURE LFS-LFS-5SCL SILT 6,61 [%o soil weight]
SAND 85.89 [ soil weight]
ROCK 1.35 [0 wol]
SOL_ALB 1.06 [fraction]
USLE_K 0.17 [0.013 t mZ hr/{m3 t cm}]
SOL_EC 1 [ds/m]
B " E
Undo Delete Load [.Sol] Add New [Modify] | Add New | Help | Exit |
" PCPSTD ' DEWPT October 25.74
& e Movember 18.38
' WNDAY December 13.08
Delete Load({.wgn) Add New [Modify] Add New Help Exit




Texas A&M Un:versrty

MonitoringPointHasTimeSeries

Time Series

E3RI Classes::Object

+DBJECTID : esriField TypeOID

AN

TIMESERIES

FFEATUREID : esrFieldTypelntager
FTSTYPEID : esriFisld Typainteger
FTSDATETIME : esriFieldTypeDate
LFTSVALLE : esnFieldTypeDouble

T5TypeHasTimaSaries 1

PolyHRUHasTimeSeries

TSTYPE

FTSTYPEID : esnFeldTypelntager
FVARIABLE : esrFieldTypaString
FUMITS : esnFieldTypeString
HISREGLLAR : AHBoolean
-TSINTERWVAL : TSIntervalType
FOATATYPE : TSDataType
FORIGIM @ TSOrigins

SWATDataseat:: MonitoringPoint

FGRIDCODE - esrFieldTypelnteger
-XPR ; esriField TypeDouble

-YPR @ esriFieldTypeDoulble

LAT : esrField TypeDouble
LLOMNG - esriFieldTypeDouble
-TYPE : MonitoringPoint Type
-HYDROID : esriField Typelnteger
-OUTLETID : esrFieldTypelnteger

SWATDataset::PalyHRU

SUBBASINM : esriFieldTypelnteger
LU_MUM ; esriFieldTypelnteger

LU CODE : esriFleldTypaString
SOIL_NUM : esrFieldTypelnteger
SOIL_CODE : esriFieldTypaString
MEAMN_SLOPE : esriFieldTypeDouble
AREA ; esriFieldTypeDouble

HRUID : esrFieldTypaString




Texas A&M University
ArcGIS SWAT Data Model (Dynamic Geodatabase)

Input Files

Parameter Tables
(Input Files)

.1

FFRREREAEE
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1ELELL
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§§§;E
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_55
f
b

i

il
i

BEBEEEREEREEEREEEE

f
|

i
i

-SLIBBASIN : esriFieldTypeDouble =
“HRL : esriFieldTypeDouble T
-LANDUSE : esriFiald TypaString o
-SIL : esriFieldTypeSiring

-|GRO ; esriFieldTypeSmallinteger
-NROT : esriFieldTypeSmallnteger
-MMGT : esriField TypeSmalllnteger
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Conclusions

= A new SWAT interface for ArcView 8.x has been developed.

m  Development of an ArcView 8.x interface for SWAT requires to
develop an application-specific geodatabase not to build
geometric networks or create/edit relationship classes.

=  The hub for data-sharing should be time series at points and
not the entire spatial representation of the hydrologic features.

= XML applicability to read geodatabases and write XML files will
be studied.



