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INTRODUCTION DATA MODEL -
o S ACCOUNTING UNITS ~ s
w Basin water routing is guided by its interaction with the atmosphere, surface water, groundwater, soil, A data model can serve as a template for integrating the layered spatial accounting units with remote E 5 e L
| vegetation and cultural features. A spatial water budget (SWB) of these components can be prepared using sensing derived calculations and meteorological data required to compute a SWB. The ESRI geodatabase is TR Feature P
modeled or measured flows. Water-use management actions are often evaluated by comparison of water suitable for the model because Arc-GIS is easily extendable, it interacts well with other software and it is +Shape  esriFieldTypeGeometry |
budget components with and without a project of interest. That fraction of water that is returned to the scalable. Geo-database data models have been applied to multiple systems including atmospheric and - ¥ :
atmosphere by evaporation and transpiration (ET) is consumptive use (CU). hydrologic studies (see: http:/ /support.esri.com/index.cfm?fa=downloads.dataModels.gateway). e E |
o CU is a spatially distributed ET surface function (Cooper and others, 1998) dependent upon the A generalized Arc-GIS based data model was developed to meet five goals: = AccountingUnits
e | availability of water resulting from precipitation as well as irrigation operations, cropping, land use, and - E& ';;E? é:;gg;ﬁ;ggﬁ{::grer ! i 7
L other water management operations. Regional estimates of CU are often derived as the product of a 1. Flexibility to combine and create accounting units from administrative boundaries, land parcels, service Feode : esriFieldTypelnteger - - ,}-
3 lumped-parameter unit CU factor (such as crop coefficients) and classified land unit areas. Two examples of areas, land coverage, ditches, streams and drainage networks. o
* that approach are the web based BOR Agricultural Water Resources Decision Support system (BOR, 2003) & i L P ]
. . . . . BRI . . . . kel
- and the 1940 Pecos River Joint Investigation (Natural Resource Planning Board, 1940) example presented on 2. Compatibility with Arc Hydro data model (Maidment, 2002) and the National Hydrography Dataset in
; Figure 1. Such estimates can be updated for different time periods using remotely sensed Fractional Green Geodatabase. (USGS, 2004) . ~
k, Vegetated Areas (FGVA) or land cover maps. Aggregate AccountingSegment ‘ £
-~ 3. Ability to provide for temporal representative periods. {EsriGeometryType = esriGeometryPolygon} -UpReﬁch : esriFieldTypelnteger —_— . w.
- Another approach involves applying meteorological surface energy balance techniques such as SEBAL -DitchName  [-Area : esriFieldTypeDouble "UpM : esriFieldTypeDouble LandTracts — ;o
= 3 2 - . k 2 1 A . " | DitchName : esrFieldTypeStrin -DownReach : esriFieldTypelnteger -Area : esriFieldTypeDouble -Area : esriFieldTypeDouble
or MATRIX from remote sensor imagery and local climatic data (Moran and others, 1989; Kramber, 2002; 4. Interaction with hydrologic model data including spatial parameters such as grids and reach segments. ST £ inDato - ouriFioldT ypeDa‘e 9 -DownM : esriFieldTypeDouble o |
Bastiaanssen and others, 2005; and Allen and others, 2005). The result is a continuous surface of -EngDate . ésriFieIdTypy:Date -FeatureName : esriFieldTypeString LF AN ™ —
instantaneous or correlated seasonal ET. Accounting units can be assembled with some flexibility. CU can 5. Compatibility with a toolset for accounting unit creation, basic image processing and other geographic - LandCover S *’,. +
then be summarized per unit or viewed at full resolution. Where instantaneous estimates are unsatisfactory, information system analysis techniques. {EsriGeometryType = esriGeometryPolygon} d ol
unit CU values can be applied. The advantage of examining the distributed pixel-sized surface of data lies in Area : esriFieldTypeDouble g &
discriminating high water-use rates from low water-use rates within a land use classification. Management There are five general model components: Hydrologic model (HydroModel) areas including gridded :SZ;{:SétZS:r'eF:ilgggTeysgzBgate L -‘ o
alternatives can then be evaluated in the context of those water-use rates. Spatially distributed quantities representations of streams, ditches and drain segments, return flow and ET areas; Raster surfaces ) Tract -EndDate : esriFieldTypeDate . |
can also be ideal for the parameterization of hydrologic models. (HydroBudgetRaster) including remotely sensed vegetation cover and soil moisture, surface energy balance ServiceArea - (Esr'Geome."yType — .esnGeome."yPowgon} -
R L X 4 h 3 ToUpReach - esriFieldTypeinteger ElevationBuffer -ParcellDString : esriFieldTypeString
components and distributed CU; Accounting unit boundaries (HydroBudgetUnits); Meteorological pReach : e ypeinteg {EsriGeometryType = esriGeometryPolygon} -ParcellD : esriFieldTypelnteger
. 3 4 ” -ToUpM : esriFieldTypeDouble ypelnteg
(HydroMet) station locations and parameters, NEXRAD HRAP cells and PRISM cells; and Time series data - ToDownReach - esriFieldTypelnteger -ToElevation : esriFieldTypeDouble
ACCOUNTING UNITS following the Arc-Hydro schema for model results such as stream leakage, and climate components. -ToDownM : esriFieldTypeDouble -Area : esriFieldTypeDouble e — |
-ToFeatureName : esriFieldTypeString SurveyTract Administration
Four major categories where CU occurs are broken into seven general accounting units each with All five can be multi-temporal with a facility to define representative periods. Model features are fsr'Gngr;e,tryType ,;,ez'TGeongryPO'yg°") {EsriGeometryType = esriGeometryPolygon}
- evaporative loss, soil moisture and groundwater components. described on Figure 3 and in diagrams using Microsoft Visio and Universal Markup Language (UML) on ) DistanceBuffer :P::EZIID i ;'Qr‘ci’f:'i;ﬂ Ieelnt); peer o -ParcellDString : esriFieldTypeString o
Figure 4 {EsriGeometryType = esriGeometryPolygon} FiIeNumbé . esriFieiiiel'ypeSgtring -ParcellD : esriFieldTypelnteger
= 3 UnderDitch -Distance : esriFieldTypeDouble B iy
i - 0.1 | |{EsriGeometryType = esriGeometryPolygon} -Area : esriFieldTypeDouble :EE,R é::;ilzlzlggsggsgge
- PROCESS STEPS AND TOOLS '—{-DitchName : esriFieldTypeString SurveyArea : esriFieldT: peDouble
-DitehName 1. Area : esriFieldTypelnteger Y - Y
SWB preparation usually requires multiple software packages with capabilities in hydrologic modeling, =2 }
GIS and image processing software. The general workflow includes: defining hypsometric river plains and ConveyanceCorridor Codedvalueboman
- : ® basins, selecting stream reach segments of interest, using land cover data to define riparian zones and {EsriGeometryType = estiGeometryPolygon} “COded\é’iﬂueDomain” e e
- - ni i i i it -Distance : esriFieldTypeDouble ype - —
Inside Lateral Servicg Arés(3) deﬁn.mg dltC'h service areas, conveyance .corru?lc.)rs and storage facilities from stream network data. ' Area: esriFieldTypeDoublo FieidType = esrFieldTypelnioger FieldType = esriFieldTypainteger
1 g e = g Administrative units of interest are then identified and the tract level data or land cover data representing Diversion MergePolicy = esriMPTDefaultValue [+MergePolicy = esriMPTDefaultValue
e o the lowest level accounting unit is added. Accounting units are then created by GIS intersection and identity {EsriGeometryType = esriGeometryPoint} +SplitPolicy = esriSPTDefaultValue +SpiitPolicy = esriSPTDefaultValue
operations. The result is a spatially partitioned dataset with a unique identifier. DiversionName : esriFieldTypelnteger +Uf:j°t Bl "o -Other = 99
,—— +UnaerDitch =
o i -LandCover =3
L .After examination of meteorological data, a surface energy.balance and ETrF (fractior.l of ET) for a period (EsriGeometr;:ll';/‘::fzg:inee:;metryPolyline, -SurveyTract = 4
¥ of interest can then be calculated or CU can be calculated spatially by land cover type with lumped HasM = True} -ElevationBuffer = 5
parameter or with energy balance techniques. Zonal statistics for tracking CU within each accounting unit [Length : esriFieldTypeDouble -DistanceBufer = 6
A A . s . -ConveyanceCorridor =7
can then be calculated and refined by spatial rainfall data, modeled hydrologic flows and observed gaging | AdministrativeArea = 8
data. Cross tabulation of accounting units can then be summarized in table and chart form. Reach by reach -AggregateArea = 9
parameters for groundwater or surface water models can also be generated. -Other = 99
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A flexible geo-database template has been described. We have successfully applied these techniques s - ’ . | ’ W, b T b
and tools for the development of spatial water budgets in New Mexico. The geo-database template
: * facilitates the assembly of accounting units and its associated data processing. The Template will be made R AST E R D ATA
. FIGURE 2. EXAMPLE CU ACCOUNTING UNITS s HYD RO_ M ET DATA
Lateral Service Area (LSA) (Area under ditch) .! . £
1. Agricultural — Area of managed water application. REFERENCES b ESRI Classes::RasterCatalog
2. Conveyance — Area of open water and vegetation cover within a defined distance to a conveyance Feature s .& +RasterArea : esriFieldTypeGeometry
structure. Allen, R.G., 2005, METRIC: High Resolution Satellite Quantification of Evapotranspiration: University of wShape M esileldIVReGeome iy 4km x 4km Hydrologic ;-
3. Other LSA — Sources of water include: wells, municipal supply, shallow water table and tailwater Idaho, Kimberly, Idaho, Part Three — Applications. yAY :’m @.lltlwsiﬂ’ro]m _._*.
) " ; [ s (24-hour !
Qe i of magaged-and unmaTiAECd SARFCEs. Bastiaanssen, W.G.M., Noordman, E.J.M., Pelgrum, H., Davids, G., Thoreson, B.P. and Allen, R.G., 2005, |precipitati i ) F g
e e SEBAL Model with Remotely Sensed Data to Improve Water-Resources Management Under Actual »
Biatan 2o Field Conditions: Journal of Irrigation and Drainage Engineering, ASCE, January /February 2005.
4. Riparian —The riparian zone consumes water from river and drainage conveyance losses. J o 8 & g . e Station HydroBudgetRaster
5. Open Water — Water surface evaporation. Cooper, D.I,, Eichinger, W.E. and Hipps, L., 1998, Spatial Properties of Water Vapor Scalar and Flux Over a HydroltetCell {EsriGeometryType = esriGeometryPoint} ¥ -Raster : esriFieldTypeRaster
Riparian Corridor: American Meteorological Society, Special Symposium on Hydrology, Phoenix, o -ComiD : esriFieldTypelnteger - ‘Name : esriFieldTypeString
.m B 8l B P A 8Y, - ! o .
2 ? 4 # = i ComlD : esriFieldTypelnteger StationName  esriFieldTypelnt -RasterType : esriFieldTypeString
Lands Outside LSA. Arizona, 11 — 16 January 1998, Session 1: Integrated Observations of Semi-Arid Land-Surface- Ftype : esriFieldTypelnteger :Fe? cﬁn e:??ﬁéﬁ;'pfoouﬁ: nteger [ StartPoned - sorFioTypeDete
6. Lands outside LSA and riparian areas that are not accessible to ditches but consume irrigation return Atmosphere Interactions, Paper —1.5. 7 -LandCover : esriFieldTypeString ’ -ImageDate : esriFieldTypeDate
flow and induced recharge. Sources of water include: wells, municipal supply, shallow water table, Kramber, W.J., 2002, Developing Evapotranspiration Data for Idaho’s Treasure Valley Using the Surface T | :ﬁ:g:;??é;;‘;ﬁ-ﬁ,g’g?ﬁ;e
and a mix of managed and unmanaged uses. Energy Balance Algorithm for Land (SEBAL) Year 2000 I | -PeriodDays : esriFieldTypeDouble
g - -MetaData : esriFieldTypeBlob
RS e Maidment, D.R., 2002, Arc Hydro: GIS for Water Resources. PRISM HRAP TESSELATION , claaa oo e
- _g—(—) . {EsriGeometryType = esriGeometryPolygon} {EsriGeometryType = esriGeometryPolygon} {EsriGeometryType = esriGeometryPolygon} [
7. Open Water — Water surface evaporation. Moran, M.S., Jackson, R.D., Raymond L.H., Gay, L.W. and Slater, P.N., 1989, Mapping Surface Energy -RepresntativeArea : esriFieldTypeDouble -RepresntativeArea : esriFieldTypeDouble RepresntativeArea : esriFieldTypeDouble e
Balance Components of Combining Landsat Thematic Mapper and Ground-Based Meteorological -CellArea : esriFieldTypeDouble -CellArea : esriFieldTypeDouble CellArea : esriFieldTypeDouble i
Further accounting distinction is by overlay of designated administrative areas, land ownership, Data: Remote Sens. Environ Vol. 30 pp. 77-87. I I
historical land cover and hydrologic boundaries. CU water quantities can be refined for project water University of Idaho, Department of Water Resources, 2002, Evaporation Project: EnergyBudget :
chount.ing. or wa.ter right§ by spatially defining soil moisture, groundwater and effective precipitation to http:/ /www.idwr.state.id.us/ gisdata/ET/final_sebal page.htm. -Unit : Units
o onEquirementey U.S. Bureau of Reclamation, 2003, NEXRAD Rainfall, Weather Station, and ET Products for the Rio Grande
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Basin in New Mexico.
USGS, 2004, The National Hydrography Data Set

Waters Consulting, University of Idaho and WaterWatch, Inc., 2002, SEBAL (Surface Energy Balance
Algorithms for Land): Advanced Training and Users Manual.

TimeSeries
-FeaturelD : esriFieldTypelnteger
-TSTypelD : esriFieldTypelnteger
-TSDateTime : esriFieldTypeDate
-TSValue : esriFieldTypeDouble
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