





Appendix I:  List of Objects used in OWLS





OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
OWLSUnit�
OWLSUnit�
Modules for unit conversions�
MeasureSystem


MeasureLength�
convert�
�
�
(OWLSLength)�
length object for unit conversion�
(value)�
�
�
�
(OWLSArea)�
area object for unit conversion�
(value)�
�
�
�
(OWLSVolume)�
volume object for unit conversion�
(value)�
�
�
�
(OWLSTemperature)�
temperature object for unit conversion�
(value)�
�
�
OWLSModel�
OWLSModel�
simulation model main object�
*parent (OWLSHydrology)


startT


entT


currentT


step


saveInterval


flow[]


reflow[]


conductivity[]


streamFlowV[]


streamSurFlow[]


streamSoilFlow[]


streamPipeFlow[]


depthFlow[]


depthRain[]


depthET[]


depthCanopy[]


depthSurface[]


depthSoil[]


volumePipe[]


soilMoist[]


basinTemp[]�
getInitial


waterBalance


routing


run


print


save


read


�
�
�
OWLSPhysicalModel�
Physical Simulation Model main object�
(***canopy)


(***surface)


(***subsurface)


(***macropore)


(*soilDepth)


(*moisture)


(*alpha)


(nSegments)


(**segment)


(*streamFlow)


(*edge2Seg)


(*velocity)


(*discharge)


(*channelWidth)


(initFileName)


(inputUnit)


(outputUnit)


(infiltration_k)


�
(draw)


(saveInterruption)


(saveGraphics)


(readInterruption)


(readGraphics)


(sortCells)


(sortSegments)


(infiltration)


(snowMelt)


(potentialET)


(surfaceFlow)


(surfaceFlowRate)


(subsurfaceFlow)


(subsurfaceFlowRate)


(macroporeFlow)


(canopyWaterBalance)


(surfaceWaterBalance)


(subsurfaceWaterBalance)�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
�
�
�
 (infiltration_a)


(conductivityAdjust)


(infiltration0Adjust)


(surfaceMacroporeConst)


(soilMacroporeConst)


(snowMelt_Tb)


(snowMelt_Df)


(ET_a)


(ET_b)


(underCanopyETConstant)


(canopyETConstant)


(soilETConst)


(roughness)


(soilMoisture)


(layerWeight1)


(layerWeight2)


(initialStreamDepthRatio)


(porosity)


(depthConstant)


(depthPow)


(widthTopConstant)


(widthTopPow)


(widthBotConstant)


(widthBotPow)


(minDiameter)


(pipeRatio)


(radiusA)


(radiusB)


(radiusV)


(frictionCoeff)


(countA)


(countB)


(countC)


(countD)


(countE)


(times)


(traceTime)


(*fTime)


(*sortedSegIdx)


(*sortedCellIdx)


(*virtualIdx)


(*pipe)


(useHorton)


(isCrossModel)


(isMacroModel)


(useDepthOutput)


(useDirectInputs)


(interativeErr)


(maxIterations)


(upSurfaceWaterDepth)


(dnSurfaceWaterDepth)


(upSoilWaterTable)


(dnSoilWaterTable)


(upPipeWaterVolume)


(dnPipeWaterVolume)


(upSurfaceInFlow)


(upSoilInFlow)


(upPipeInFlow)�



(macroporeWaterBalance)


(streamWaterBalance)


(getCrossArea)


(getRoutingTime)


(outletFlow)


(getTime)


(putTime)


(initialMacropore)


(initialStreamWater)


(initialStreamFlow)


(initialSegment)


(setEdgeZeroWeight)


getCellBoundaryData)


(shift)�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
OWLSObject�
OWLSObject�
Geometric objects for vitualization�
*next (OWLSObject)


name


localTransMatrix


�
updateVC


draw


print


matrix operator *


translate


rotateX


rotateY


rotateZ


mirrorX


mirrorY


mirrorZ


scale


�
�
�
OWLSText�
text object for visualization model�
(*s) (string of the text)


(headMC)


(widthMC)


(heightMC)


(direction)


(upVector)


(textFont)


(tailMC)


(cornerMC)


(headMC)


(tailVC)


(cornerVC)


(widthVC)


(heaghtVC)�
�
�
�
OWLSLine�
line object�
(color)


(length)


(startMC)


(endMC)


(startVC)


(endVC)�
(getLength)


�
�
�
OWLSLineBunch�
object for line groups�
(nNodes)


(nLines)


(*nodesMC)


(*nodesWC)


(*nodesVC)


(*linesPtrs)�
(operator =)


�
�
�
(OWLSContour)�
object for a contour line�
(*linesPtrs)


(value)�
�
�
�
OWLSPolygon�
polygon object�
(nNodes)


(color)


(*nodesMC)


(*nodesVC)


(normalVC)�
(include)


(intersect)


(reflect)�
�
�
OWLSPolyhedron�
object of a polygon group�
(nNodes)


(nFacets)


(*nodesMC)


(*nodesWC)


(*nodesVC)


(*facetPtrs)�
�
�
�
(OWLSIrrObject)�
irregular 3-D object�
�
�
�
�
(OWLSTriTopo)�
triangular 3-D object�
�
�
�
�
(OWLSRecTopo)�
rectangular 3-D object�
�
�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
�
(OWLSCone)�
object for 3-D cone�
�
�
�
�
(OWLSInnerBox)�
object for a 3-D in-box�
�
�
�
�
(OWLSCube)�
object for a 3-D cube�
�
�
�
�
(OWLSEgg)�
object for a 3-D egg�
�
�
�
�
(OWLSCylinder)�
object for a 3-D cylinder�
�
�
�
�
(OWLSPyramid)�
object for a 3-D pyramid�
�
�
�
�
OWLSWatershed�
3-D watershed object�
(nNodes)


(nEdges)


(nCells)


(area)


(projectedArea)


(rootIdx)


(**nodesMC) [OWLSNode]


(**edgePtrs) [OWLSEdge]


(**cellPtrs) [OWLSCell]


(*boundary) [OWLSebTree]


(*biTree) [OWLSBiTree]


(*flowPath) [OWLSPath]


(*stream) [OWLSPath]


(**leaf) [OWLSPathNode]�
(getInput)


(read)


(save)


(getEqDepth)


(getEdgeIndex)


(getLineEdgeIndex)


(isOntheEdge)


(isAPeak)


(slopeOf2Points)


(getCrossingPoint)


(growBoundaryTree)


(getBoundary)


(splitCell)


(getFlowPaths)


(getFlowPathTree)


(addPathToTree)


(getTreeLeaves)


(markStream)


(runHydrology)


(runChemistry)


(sortList)


(removeDepress)�
�
�
(OWLSHydrology)�
Hydrologic Model Simulation Object�
(complexID)


(rainCPLX)


(airTempCPLX)


(soilOTempCPLX)


(soilBTempCPLX)


(soilCTempCPLX)


(soilCPLX)


(vegCPLX)


(*rain0) [OWLSRain]


(*airTemp0) [OWLSTemp]


(*soilOTemp0) [OWLSTemp]


(*soilBTemp0) [OWLSTemp]


(*soilCTemp0) [OWLSTemp]


(runoff0) [OWLSFlow]


(testCounter)


(catchmentID)


(latitude)


(longitude)


(turbidity)


(trueNCells)


(trueNEdges)


(trueNNodes)


(*cellIdxs) 


(snowSeasonBeginMMDD)�
(*getGages)


(*getSoils)


(*getVegetation)


(*getInstantTemp)


(getStaticParam)


(getDynamicParam)


(application)


(*getRain)


(*getTemp)


(*getFlow)


(getCloud)


(solarRadiation)


(getCellSoilCharacters)


(getCellVegCharacters)


�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
�
�
�
(snowSeasonEndMMDD)


(tempRange)


(nRainGages)


(*rainGage) [OWLSGauge]


(nAirTempGages)


(*airTempGage) [OWLSGauge]


(nSoilOTempGages)


(*soilOTempGages) [OWLSGauge]


(nSoilBTempGages)


(*soilBTempGages) [OWLSGauge]


(nSoilCTempGages)


(*soilCTempGages) [OWLSGauge]


(nStreamGages)


(*streamGage) [OWLSGauge]


(nSoil)


(*soil) [OWLSSoil]


(nVeg)


(*veg) [OWLSVegetation]


(Cmanning)


(**rain) [OWLSRain]


(**airTemp) [OWLSTemp]


(**soilOTemp) [OWLSTemp]


(**soilBTemp) [OWLSTemp]


(**soilCTemp) [OWLSTemp]


(cloud) [OWLSCloud]


(**cellSoil) [OWLSSoil]


(**cellVeg) [OWLSVegetation]


(inputUnit)


(outputUnit)


(monthlyAirTemp[])�
�
�
OWLSFacet�
OWLSFacet�
object for facet�
*parent [OWLSPolyhedron]


nNodes


*nodeIdxs


color [Color]


area


�
draw


fill


print


unitNormalMC


unitNormalWC


facetColor


getFacetArea


whichSide


intersect


reflect�
�
�
OWLSCell�
cell object for watershed model�
(*parent) [OWLSWatershed]


(marked)


(nEdges)


(*edgesIdx)


(edgesWeight)


(value)


(info) [sCellInfo]�
(save)


(read)


(print)


(getCellInfo)


(getWeight)


(nodeInCell)


(nodeOnCell)


(getCellArea)


(averageAspect)


(unitNormalMC)�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
OWLSPoint�
OWLSPoint�
point object�
x


y


z


w


�
operator +


operator -


operator *�
�
�
OWLSGauge�
gauge object for watershed�
(name)


(dataFile)


(nRecords)


(startTime) [OWLSTime]


(endTime) [OWLSTime]


(step)�
�
�
�
OWLSNode�
node object for watershed model�
(d1)


(d2)�
(save)


(read)�
�
OWLSLines�
OWLSLines�
line object for watershed model�
nNodes


color


*nodeIdxs


length


*parent (OWLSLineBunch]�
getLength


updateVC


draw


print�
�
OWLSBiTreeNode�
OWLSBiTreeNode�
node object for binary tree�
*pathNode [OWLSPathNode]


*parent [OWLSBiTreeNode]


*left [OWLSBiTreeNode]


*right [OWLSBiTreeNode]�
remove�
�
OWLSStream�
OWLSStream�
stream object for watershed�
*parent [OWLSWatershed]


*first [OWLSSegment]


*current [OWLSSegment]�
�
�
OWLSMatric�
OWLSMatric�
matric object for matrix calculation�
nColumes


nRows


**elms�
operator +


operator -


operator *


operator /�
�
OWLSSoil�
OWLSSoil�
soil object for watershed�
name


ID


porosity


nConductivities


*moisture0


*conductivity


infiltration0


infiltrationC�
getConductivity�
�
TransMatrix�
TransMatrix�
transformation matrix for calculation�
elms[][]�
operator *


translate


rotateX


rotateY


rotateZ


mirrorX


mirrorY


mirrorZ


scale�
�
DevPoint�
DevPoint�
device point object�
x


y�
operator +


operator -


operator *


operator /�
�
OWLSVector�
OWLSVector�
vector object�
x


y


z�
operator +


operator -


operator *


operator %


length


flatLength


normalize�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
OWLSPath�
OWLSPath�
flow path object�
*parent [OWLSWatershed]


*first [OWLSPathNode]


*current [OWLSPathNode]


marked


size


drainArea


drainSlopyArea�
insertPathNode


growPathTree


addPath


insertPath


addChildPath


seekPathNodes


getPathDensity


markNode


markPath


print


save


addPathDensity


searchNode�
�
OWLSCloud�
OWLSCloud�
cloud object for watershed model�
coverage


t1 [OWLSTime]


t2 [OWLSTime]�
�
�
OWLSMacropore�
OWLSMacropore�
macropore object for watershed model�
radius


count�
getCrossArea


getAllCrossArea


getVolume


getAllVolume


getActiveCount�
�
OWLSFlow�
OWLSFlow�
flow object for watershed�
t1 [OWLSTime]


t2 [OWLSTime]


volume�
discharge�
�
OWLSVegetation�
OWLSVegetation�
vegetation object for watershed�
name


vegID


coverage


LAI0


itRate0


etRate0�
seasonRatioLAI


getAverageLAI�
�
OWLSenNode�
OWLSenNode�
edge-node tree’s node object�
enIdx


nChildren


*parent [OWLSenNode]


**child [OWLSenNode]�
removeNode�
�
OWLSenTree�
OWLSenTree�
edge-node tree object�
*root [OWLSenNode]


*current [OWLSenNode]


*parent [OWLSWatershed]�
print


save


read


saveForDraw


getSize


growBoundaryTree


characterized


seekParent


isAParent


defineChildren


seekBoundary


remove�
�
sCellInfo�
sCellInfo�
cell information object�
slope


aspect


area


eqLength


eqWidth


eqUpDepth


eqDnDepth


minY


maxY


center�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
OWLSFlux�
OWLSFlux�
flux object�
nFluxs


*flux�
�
�
DATA�
DATA�
data object for input routine�
t (type)


itemNumber


itemBoolean


itemChar


itemString�
�
�
DevRange�
DevRange�
Device Range�
Min


Max�
bDoesOverlap


bTouching


operator |=


operator &=


operator =�
�
OWLSTime�
OWLSTime�
time object�
julianDay


hhmmss


yymmdd�
getXX


getYY


getZZ


julian2Long


toXXYYZZ


toHour


toJulianDay


toLongDate


toLongTime


getYear


getMonth


getDate


getHour


getMinute


getSecond


operator +


operator -


operator *


operator /


operator >


operator <


operator !=


operator >=


operator <=�
�
OWLSRain�
OWLSRain�
rain object�
RainOrSnow


t1 (OWLSTime)


t2 (OWLSTime)


depth�
intensity


�
�
OWLSBiTree�
OWLSBiTree�
binary tree object�
*root [OWLSBiTreeNode]


*current [OWLSBiTreeNode]�
find


add�
�
OWLSTemp�
OWLSTemp�
temperature object�
t1 [OWLSTime]


t2 [OWLSTime]


degreeC�
�
�
Color�
Color�
color object�
MAX_INTENSITY


R


G


B�
�
�
OWLSEdge�
OWLSEdge�
edge object�
marked


length


ptIdx1


ptIdx2


cellIdx1


cellIdx2�
save


read


getLength


getMarked�
�
�
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OWLS Modules�
Object Name


(Induced Object)�
Descriptions�
Features


(Additional Features)�
Functions


(Additional Functions)�
�
OWLSPathNode�
OWLSPathNode�
flow path node object�
marked


nChildren


nodeIdx


node


edgeIdx


c1Idx


c2Idx


length


area


slopyArea


*parent [OWLSPathNode]


*child [OWLSPathNode]�
operator =


save


read


removePathNode�
�
OWLSSegment�
OWLSSegment�
segment object�
*p [OWLSPathNode]


**flow [OWLSFlux]


maxTopWidth


bottomWidth


maxDepth


*parent [OWLSSegment]


**child [OWLSSegment]�
getDepht


getWidth


getArea


getHydraulicRadius�
�
Pigi�
Pigi�
Platform independent graphics interface�
PigiMode


mode


paintCount


currentColor


size�
setColor


getColor


setPixel


getPixel


drawLine


fillPolygon


beginPaint


endPaint


selectFont


removeFont


textSize


outText


message


messageOK


messageStop


errorExit


setTextAttribute�
�
�
WinPigi�
Pigi for MS Window platform�
(*hwnd) 


(*hdc)


(FontRec)


(*font)�
(initialFont)


(getPixelColor)�
�
�
MemPigi�
Pigi for Memory implimentation�
(*data)�
(getIndex)�
�
�
(FilePigi)�
Pigi for File�
(*fileName)


(frameNumber)


(flushFlags)�
(getNumberedName)


(flush)�
�
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