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Examples DecisionSupportSystems for
RiverBasinSimulation

The(followinglareprograms(designed (to [simulate water(developmentland thanagement/policies [in

river(basins. [ ITheylare[genericlin[that[they are designed to belapplicabletolalwide[variety[of

specificriverJbasin[water[Iresourcellsystem[]configurations,linstitutional [Jconditions, [ Jand

management/ issues. | Eachl ofl thesel ‘examplel programs!fis( based[ on[lal node(link [ network

representation/ ofl the water[tesourcel $ystem[being[ $imulated. [ [Somelincludel optimization[that

replacesamoreldetailed [fepresentation[ofloperatingpolicies. [lAll[dontain[menuldriven(graphics(]
based[interfacesthatfacilitate user(interaction. Theseprograms dredppropriate for iselin [shared

vision/exercisesinvolving/stakeholderlinvolvement(inthodel building [and [simulations.

Thelbriefdescriptions|below havebeentaken from|the model web pages. [Each model webpage
address| is| shown[next toleach imodel name.[ | For| greater detaill refer to those web| pages.
Current demo Versions' and(documentation of the decision support systems are available and
canlbeldownloaded from(those ' web pages. The demo|versions of RIBASIM and WEAP!are
includedlin(the CD.

RIBASIM nttp://www.wldelft.nl/soft/ribasim/int/index.html

RIBASIMI[(RiverBasin[Simulation Model)is[@[genericmodel package for(analyzing[the behavior
oflriver basins inder (various (Hydrological [conditions. The thodelpackagelis[alcomprehensive and
flexibletool whichlinksthehydrological [water[inputsat[arious[locations Wwith [the specific
water [users[inthe[basin. [RIBASIM[is[developedandMmaintained by Delft(Hydraulics[in[the
Netherlands.

RIBASIM I[énables(the hiser(tb[evaluate(d variety [0fmeasures [felated [fo [infrastructure, [Operational
and[demand[management(and [the fesults/in [ferms[0flwater[quantity [dnd [water(quality.[RIBASIM
generates[water[ distribution[patternsand[provides[albasis[for(moreldetailed [Wwater[quality fand
sedimentation[analyses[in tiver[teaches andlteservoirs. ItCprovidesalsource analysis, giving
insightlih[the water's[Origin(atlany location [0flthe basin.

RIBASIMhas[been[applied[for[tiver[basin[planning[and[managementlin[algreat humber of
countriesinlalvariety C0f[ projects. [Water[management[organizationsuselit[to supporttheir



managementland[planning[activities.[ Largeland ¢omplex[tiver basins havelbeen modeled and
simulated Wwith[RIBASIM. [Separately odeledsub (basins[can (be[dombined[into [one thain (basin.
Altecent[application[0f [ RIBASIM listheluselofthe modellas flow[touting/component[within(a
FloodEarly Warning[System (FEWS).

RIBASIM has links[foldther Delft[Hydraulics[software [programs. It ¢an [link With[the [ HYMOS
hydrologicalldatabaseand[modeling[$ystem. For[detailed[Wwater quality [process[RIBASIM[¢an
link with theMELWAQ waterlquality model.

Varioushydrologicfouting thethodsareldvailable in RIBASIMI€.g. Manningformula, Flow[Tevel
relation, 2 (layered (multi[Segmented Muskingum [formula, [Puls (method[dand T.aurenson mon(linear
“lagland [Moute” [tnethod. Theflow [Houting(is[executed [on[daily [(Basis(starting(at(any[Selected [day
forlany mumberofldays(ahead.

Thelstructure [0f RIBASIM lis based [0n[an[integrated [framework [with[duiser friendly, graphically,
GISTlorientedinterface.'Working[with[RIBASIM ineans(applying[a’structured@pproach [fotiver
basin[planning/andmanagement.[Various[foolsfrom(the Delft(Tools library(arehised:

e CaseManagement(Tool (CMT)is[alfbol foshapethestructured@approach. Theworking
environment/is[dVisualisation 0flthe workflow [diagram.

o Delft[GIS[(Netter)software [providing [the iser Wwith [€ssential [features/(for(aBasinlanalysis
whichlaremotavailableindonventional (GIS.

e Ods(View/islaltoolfor(the [presentation andexport/oftime[Series results.

e ThelCaselAnalysis[Tool [((CAT)lislalflexible[toolto /¢omparelandleévaluate[thesimulation
cases.

WEAP http://www.weap21.org/

WEAP[("Water[Evaluation[AndPlanning" [System)is [amser [friendly [Software [fool [thatfakesan
integrated Clapproach(to [water[resources [planning. [JFreshwater lmanagement[Ichallengesare
increasingly[¢ommon.Allocation[ofllimited [(Water [fesources (between agricultural, imunicipal land
environmental [uises how [ tequires[ thel[ full [integrationofl supply, demand, [water[ quality[and
ecological Cconsiderations.[TheWater“Evaluation"and "Planning system, lorCTWEAP, Caims[to
incorporate [theselissueslinto a practical [yet[tobust[fool [forlintegrated (Water tesources planning.
WEAP/[is[developed[ byl thel Stockholm[ Environment[ Institute's[ Boston[ Center[ at[ the[Tellus
Institute.

WEAP Highlights

Integrated [Approach: [ Unique[‘approach[ for[ ‘conductinglintegrated _water[ resources planning
assessments

StakeholderProcess:[Transparent[structurefacilitates[éngagement[of[diversestakeholders[inlan
openlprocess

Water[ Balance: A [database[imaintains[Wwater[ demand[and[supplyinformation[to[drive[ mass
balancemodellon(allinkmodelarchitecture

SimulationBased:[Calculates “water demand, “supply, “runoff, Cinfiltration, "troptequirements,
flows, [and[storage, [andpollution generation, treatment, [dischargeand[instream [Wwater
quality inder Varying hydrologiclandpolicyscenarios



Policy[Scenarios:[Evaluates(al full[tange[ 6fl Water[development[andmanagement[options, and
takes[dccount/ofmultipleland ([ompetingises (0fWater [systems

User!friendly [Interface: [Graphical [dragland drop [GIS [based interface (Wwithflexiblemodel [dutput
aslthaps, [charts(and [tables

WEAPGs[almicrocomputer [tool [for[integrated water [tesourcesplanningthatlattempts o assist
rather[than(substitute( for(thel skilled[planner. It[providesal comprehensive, flexible and[user!(]
friendly [framework [for[planning[and[policy[analysis.[A [growing mumberofwater[professionals
arefinding(WEAP [fobelaisefulladdition(fo their foolbox [0fthodels, [databases, [Spreadsheets and
other([software.

Overl(thellast[decade, anlintegrated [approach(to[Water[development[has[emerged[Which[places
water[supply CprojectsCin[the CcontextofCdemand[Side[imanagement, “and Owater quality “and
ecosystem[preservation(andprotection. [WEAP lincorporates(these[values(into(a[practical ool [for
water(resources/planning(and [policy [@nalysis. WEAP [places[demand [sidelissues [such(aswater[ise
patterns, équipment[ efficiencies,[telusel strategies, [ costs, and[Wwater allocation[$chemes onlan
equalfooting With[supplySide [fopics[Suchas(stream flow, groundwater fesources, [feservoirs,[dnd
water[fransfers. 'WEAP[is alsoldistinguished [by [its[integrated [approachfolsimulating[both the
natural[(e.g.,[eévapotranspirative demands, [tunoff, baseflow) and[engineered [components((e.g.,
reservoirs, [ groundwater [ pumping) [ of [ water[ ystems, [ allowing[the[planner[access[to almore
comprehensive[View[oflthe broad(tange[of factors/that must belconsidered [in[managing Wwater
resourcesfor present/@ndfuture ise. Theresultis@nleffectivefool for examining alternative Water
development/andmanagement(options.

o Water(balance[database: (WEAP provides[alsystemformaintaining water[demandand
supply information.

e Scenariolgeneration(tool:[Scenariolanalysislis[¢entral[fo[(WEAP.[WEAP [simulates[water
demand, Cisupply, Crunoff, streamflows, Cstorage, Cpollution Cgeneration, [treatmentJand
dischargelandlinstream[Water(quality.

e Policylanalysisitool:(WEAP[evaluates/a[full range[ofwaterdevelopmentland
management(options,(and fakeslaccountofmultiple @nd [dompeting ises[dfWater [Systems.

MIKE BASIN (http://www.dhisoftware.com/mikebasin/Description/

MIKEMBASINaddresseswater(allocation, ¢onjunctive ise, [teservoir[operation, (or[water[quality
issues. [Tt[couples[ArcGIS (with[Hydrologicmodeling to[providebasin(scale(solutions. [The MIKE
BASINphilosophyTlistokeep ‘modeling[$imple and intuitive, yet[providelinldepthinsightfor
planning Cand “management. JCIn CMIKETBASIN, Cthe Jemphasis Cis Con Cboth Csimulation Cand
visualization[in[both[spaceland[time, imaking[itCappropriate for[building [understanding[and
consensus. MIKEBASINIisdeveloped by [DHIinDenmark.

For[hydrologic[ simulations, MIKE[BASIN[buildson[al‘network[ model[in[which[branches
represent(individual [Stream[sections[and thenodes tepresent/confluences, diversions, [teservoirs,
or[water users. Themetworkelements¢an[Beleédited By simplerightl¢licking. MIKEBASINfs[@
quasilsteady[state[ mass[ balance[imodel, howeverlallowing[ for  touted tiver[ flows. Thel water
quality[solution(assumes purely(advective[transport; [decay [during transport(canbeodeled. The
groundwater [descriptioniises [the linearreservoiréquation.



TypicallJareas[lofl Japplication[ linclude water[JavailabilityJanalysis, Jconjunctive[surfacel Jand
groundwater ise, linfrastructure planning, [@ssessing|irrigation [potential @nd[reservoir performance,
estimating[water [Supply[c¢apacity, [determining(waste [ Water [treatment tequirements. [ [The[model
has(Jalsol been[ lused[ to[Janalyzel multisectoral [ ldomestic, [ industry, lagriculture, [ hydropower,
navigation, [ fecreation,[ ¢écological [demands[and[find[equitable[tradeloffslamong[them.[T1t[has
analyzed[ecosystemsand Cwater Cquality, Cminimum[discharge[tequirements,[sustainable[ield,
effects(ofiglobal (change, [regulation(andwater [rightsand [priorities.

MODSIM [http://modsim.engr.colostate.edu/

MODSIM/isCalgeneralized [ river[basin[ Decision Support[ System[and Chetwork [flow[imodel
developed(at/Colorado State University [designed(sSpecifically [fomeet[thegrowing[demands and
pressures/on riverbasintanagers today. MODSIM’s(graphical iiser [interface[((GUI)[allows[users
to[dreatelany [riverBasin(System(fopology by [Simply[clicking[onVarious [iconsand placing [System
objectslinlany[desired [configuration“on theldisplay. Datalstructuresémbodiedlin[eéachiodel
objectlare(dontrolled by [d[database thanagement/system, Which(is[dlso[queried By [Simplemouse
activation.

Formatted(datafiles areprepared interactively(andlanleéfficient metwork [flow[0ptimization fhodel
islautomaticallyexecuted from [theinterface Without Tequiringdny[directlintervention by(fhe miser.
Resultsofithe metwork [dptimization [@re presented [in iseful [graphical (plots. MODSIM [can(dlso be
usedwith [geographicinformation[Isystems[for Jmanaging[the [ lintensive spatial ldatalbase
requirements(0friver Basinmanagement.

MODSIM datalsets ¢an[beldevelopedforldaily, Wweekly,[and imonthly [time[steps. Streamflow
routing[¢an[behandled[throughthe ise[ofllagl¢oefficients. [ Therelis[¢onsiderable[flexibility[in
representing[consumptive ise[demandsand flow [fequirements and(their[associated [water Tights,
includinglexchanges. [Reservoir[operations[include(target/storage, hydropower, [failwater[effects,
evaporation, [@nd[Seepage.

MODSIM /¢an simulatereservoir(storage contract[@rrangements(such(as(accrual rights, ownership
contracts,water[ service[Icontracts, “and[ rental [jpool Cor water[ banking.[ Prioritized[ reservoir
balancing/allows(the user(tol¢ontrolthe[distribution[ofSystem[storage[throughout(the [simulation
season. MMODSIM fhas[a[Gloverléquationgroundwatermodel (builtfin thehodel's[code [thatfas
beenlusedlinlsystemswith[fairly simple inconfined Caquifer[/ [ tiver [streamflow [interactions.
MODSIM has[been[linked[3vith[$tream(aquifer(models(for analysisl ofl the[ conjunctiveluise[of
groundwaterand [surface Water resources, ds well[d@swater[quality [simulation models(for@ssessing
theeffectiveness(ofipollution dontrolistrategies. .]

Themetwork[Solutionlalgorithmlalong[Wwith theliteration ¢onvergencelsequence for(teturnflows
and(watchlogic[gives(themodel hiser flexibility [to [Simulate[Operations[dficomplex [river [Systems.
Watch(logic is(d[termfo[describelthe model's[ability [to[define dperational (parameter limitsfor(d
simulated [feature(based[on[simulated tesults oflanother(featurelin the network.[Perl[scripts(that
tailorCoperationparameters while the[model [isrunning "golalstep[further[toallow[ forlthe
simulationofldetailed Basin[specific[conditions. [Perl[scripts(dan(dlso beised fo [dustomizethodel
inputland [output.



WBalMo http://www.wasy.de/english/produkte/wbalmo/index.html

WBalMol(WaterBalance Model)lis [@nlinteractive [Simulation [System for [river[(basin management.
WaBalMolhas[been[used[folidentify management[guidelines [for tiver[basins, design[teservoir
systems(and[their[operating(policies, dand[performlenvironmental [impact(studiesfor(development
projects. [Usinglan/ArcView iser(interface, d [representation oflthe fiver (Basin[("’system [sketch’) lis
constructed(or(derivedfrom[dn[existing[digitalstream metwork.[Model[datal¢an/Subsequently [be
modifiedlin various[scenarios.[WaBalMolisdeveloped by [WASY [LLtd[ih [(Germany.

TheMmatural processes [0f tunoffland [precipitation arelstochastically[((Monte[Carlo)simulated(and
thelrespective time(series(arebalanced with monthly (waterise fequirementsand [feservoir (storage
changes.

BytecordinglofTrelevant[System characteristics [duringthe simulation, (probability [eéstimates[¢an
beIprovided[forJwaterJdeficits, maintaining Jminimum CrunoffTlevels, Cor CreservoirClevels.
Simulations[can[ bel performed[both[ for[ stationaryand[ transient[(e.g.,[ changes[in[ climate)
conditions. Byldomparing[various[plausiblelscenarios’anapproximately [optimal Water Tesources
management/danBedbtained.

Alriverbasinlis[modeled in(WBalMo By [ihput(0fithe followingdata:

e StreamMetwork Withdesiredbalanceprofiles foraccurateaccounting[6fWwater tises,
reservoirs, water transfer, [etc.

e Catchmentlareas/and(theirrespectivelsimulated funoffitimeSeries

o Location[dfwaterhisesandtheir requirements [(dischargeand iptake rates, hinimum
runoff)
Reservoirsand[theirmanagementiregime

e Desired[system(characteristicssuchlasihean(and extremevalues, frequenciesiand
threshold values.

Unitsforfinput/andoutputareiserdefined.

WBalMo é¢an[be¢oupled Wwith[otheralgorithms ormodels(tosupplementtheprovidedToutines.
This[may[beseful, (forlinstance, [for[$pecific[types ofltesourcesmanagement, [foimplement[a
floodl¢ontrol,lorWhenaddressing Wwater [quality [issues. [Twolalternatives[éxistfor[éxtendingthe
capabilities 0ff'WBalMo:
e Newlalgorithms[areimplemented(directlyih[WBalMoisingl FORTR AN [syntax
e Dynamic(linkTibraries(*.dll)[provide(the niew[algorithmsin[compiled [form[andare
accessed by [(WBalMo.

Inladdition, [thelattributes l0fhodel [€lementscan(be [freely [extended.

Additional [system [componentsihclude:

e AutomaticTabeling(oftheriverbasinTepresentation
Presentation(oflall[datafisingladjustablereport/generators
Comparison(dfiscenarios(with listingofdifferences found
Integration[0fDIGITALVisual (Fortran
Display ofhiser(selected system variables/during/thesimulation



