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ABSTRACT
Thesensitvity anduncertaintyestimate®f aregionalmodelto aselectedetof
lumpedanddistributedparameterss determinedusingthefirst ordermethod,
the Rosenbluetrmethodand the Latin Hypercubesampling(LHS) method.
EvapotranspiratiofET) crop coeficientsis identifiedin the studyasthe pa-
rametermost sensitve to the output, followed by roughness.Singularvalue
decompositions usedto determingpossiblegroupingof parameters.

INTRODUCTION
Parametemuncertaintycombinedwith input uncertaintyandthe algorithmun-
certaintyareresponsibldor thetotal modeluncertainty Regional hydrologic
modelsfor SouthFlorida uselarge numbersof distributedparametersuchas
ET cropcoeficientsandflow roughnessvhich changewith local naturalcon-
ditions, andcannotbe determinedwith precision. Model outputsalsodepend
on topographicelevations, river widths, detentiondepthsand other features
which cannotbe determinedhroughdirectcomputations.The studyis aimed
atdeterminingthe sensitvity of selectednodeloutputsto someof the param-
eters.Model sensitvity analysisprovidesanopportunityto studythe behavior
of physicalsystemdo varying naturalandman-madeonditions.

METHODSOF ANALYSIS
Thesimplestmethodfor sensitvity analysisis thefirst ordermethodin which
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thefollowing definitionof the sensitvity matrix A = [g; j] is used.

oyj _ Yj(Xi+Ax)—y;
0X; - DX

in which, yj, ] = 1,2,...,marethe m obsenrations;x;, i = 1,2,...,n arethe
n parametersSingularvaluedecompositiorof matrix A canbe usedto iden-
tify groupsof parametersensitve to groupsof obsenations(Lal, 1995). The
outputvariancecanbe computecapproximatelyusing

aji = foreach i=12,---,n, j=21,2,---.m, (1)

m m
Var(y) = 5 af] 012+22kaijaik0j0'kpjk i—=12...n )
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in which, 0J2 = varianceof parametei; pj x = correlationbetweerparameters
j andk.

The secondmethodusedis the factorialdesignmethodin which morethan
oneparameteis changedtatimeto generatgparametesetsfor themodelruns
(Box, etal., 1978). Theoutputis usedto determinesensitvity of parameteras
well asparametemteractions.The samecombinationf parameterareused
in the Rosenbluetimethodto computeoutputvariancegBinley, 1991). Using
themethodtheN th momentin the outputis expresseds

E[(V)N] = 2_%“ (O++..m) (y+++...m)N + (9 4+..m) (yf++...m)N +(@ - ..m) (y—ff...m)N] (3)

in which, m= numberof parametersfy___._m) givestheN th momentwhen
eachof themparameteraresetatmeanplusor meanminusonestandardievi-
ationaccordingo a+ and- signs;g=1=+p; j ... asdescribedy Binley, (1991).

Whenusingthe LHS method(Sing, 1990),probability distributionsareas-
sumedfor eachparameterand eachdistribution is divided into a numberof
intervals. A Gaussians assumedn the study Parametersarerandomlyse-
lected suchthat eachinterval appearsn exactly one modelrun. The model
outputsgenerate@restatisticallyanalyzed.



APPLICATION TO SOUTHFLORIDA

Figure 1 shows the areaof SouthFlorida studiedusing the Natural System
Model (NSM 4.2). A total of 27 parametersvereselectedor the studyby cre-
ating regional parameter$or ET androughnessOverall detentiondepthand
theriverwidth arealsoconsiderecisparametersAll parametersr groupsare
variedaspercentagesf basevalues.Effect of groundelevationwasincluded
in the studyby consideringunit displacements severalregions. A total of 58
flow, stageandhydro-periodobsenationsareusedto understandheinfluence
of theparameters.

Thefirst ordermethodis usedto estimatethe outputuncertaintyassuming
both zero and maximumcorrelationsamongparameterso obtain upperand
lower boundsof variance. The actualcorrelationsamongparametersre not
availablefor thestudy Whenusingthe Rosenbluetimethod parametersf the
sametype suchasET androughnessveregroupedto reducethe 27 indepen-
dentparameterso N = 4 groups,which still requires2N = 16 computerruns.
The numberof runsmadefor the LHS methodis limited to 200 becauseeach
runtakesapproximatelyl Hr to runin a Sparcl0. Two rangef uncertainties
of inputparameterss assumedThe extremerangeis basedn theassumption
thatit is physically impossiblefor the parameterd¢o exceeda certainrange.
Thecalibrationrangeis computedconsideringhatary valuesoutsidetherange
would offsetthe calibration,andbecomeeasilynoticable.The extremeranges
usedfor ET, roughnessnddetentiondepthare 12%,43% and30% of param-
eterbasevalues.Trimble (1995)useda similar approachandappliedsomeof
themethoddgo the SouthFloridaWaterManagemeniModel (SFWMM).

RESULTS AND DISCUSSION

The sensitvity matrix for averageconditionsin Fig. 2 shows the relatve im-
portanceof ET over otherparametersET androughnesffectsaresomeavhat
spreadover the region becausanary land usetypesare alsospread. Effects
of the topographicelevation changesare localizedbecauseonly small areas
wereconsideredTable2 shavs upperandlower boundsof outputuncertainty
of selectedyageswhich correspondo zeroand maximumecorrelations. The
contritutionsof individual parameterarealsoshavn in the table. Sensitvity
of parameterslependon mary statevariablestoo. Waterlevel for exampleis
moresensitve to parametersvhenit is belov thegroundthanabove.

Singularvaluedecompositiorof the sensitvity matrix normalizedusingav-
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Table 1. Outputuncertaintyresultingfrom assumegarameteuncertainties.
ParametersEFrmN, EFrmS= ET cropcoef. of freshmarshin the North and
the South;ESgrN,ESgrS= ET crop. coef. of sawv grassin the North andthe
South;MSagrN,MSagrS= Manningsroughnes®f sav grassn theNorthand
the South.

Obsenations: QTami, QShSI= dischage acrossTamiami Trail and Shark
Slough,in acft / day; S-10, S3A-28 = stagesof gagesS-10and S3A-28in
ft.; T1-7 = hydroperiodatgagel-7in days/year

EFrmN | ESgrS| ESgrS| MSagrN | MSagrS| Avg. | €uncorr | Ecorr.
Std.err. 12% | 12% | 12% 43% 43%
QTami 56 135 173 64 70 | 3633 445 1700
QsShsl 23 46 60 23 22| 1300 231 | 881
S-10 0.08 0.02 0.00 0.03 0.00| 15.0f 0.68| 1.04
S3A-28 0.01 0.03 0.04 0.02 0.00| 84| 0.13| 0.48
T1-7 15 3 0 3 0| 339 18 41

eragesf parametenvaluesandthe standarddeviations of obsenationsshowv
thatthe mostsignificantparametegroupamongthe selectectonsistof almost
all the ET coeficientsin the centralregion which remainwet mostof thetime.
This groupaffectsall the stagedn the areaandthe flows. The secondparam-
etergrouphasgroundelevation of the centralsavgrassregion, which mainly
affectsthe local waterstages.The singularvaluesfor the problemdo not de-
cayrapidly asin mary smallscalemodels(Lal, 1995)shaving thatthe model
actuallyhasa large parametedimension.

Thefactorialdesignmethodgivesmoredetailedinformationof sensitvities.
For averageflow acrossTamiamiTrail for example,

Qtam = 3647— 7007ET — 784Mann— 56.2Wid + 13.6ET x Mann+26.1ET xWid+... (4)

in which, ET, Mann,Wid = change®f all the valuesof ET, Mannings rough-
nessandriver widths, consideredas fractionsof basevalues. The equation
shawsthatinteractiontermsarerelatively negligible, andthatsensitvity to one
parameters only slightly affectedby anotheparameterEquatiord shavsthat
the averagedischage of 3647 Ac ft/day reducesby 7007 Ac ft/day whenall

the ET valuesareincreasedy 100%,assuminglinearmodel. Firstorderand
LHS methodggive approximatelythe sameresults. The LHS methodcanalso
provide estimate®f statisticalsignificancesandstandardieviations.

CONCLUSIONS
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First order methodsare simple and fast, but relatively inaccurate. They can
provide upperandlower boundsof uncertaintypandswhenthe parametecor-
relationsarenotknown. Rosenbluetlandfactorialmethodsaremoreaccurate,
but requirea large numberor computerrunswhenthe numberof parameters
Is large. Factorial methodcan detectparametedependencieaswell. LHS
methodrequirea large numberof computerruns, but this numberdoesnot
increaseexponentially LHS methodgivesrealisticestimateof parameteun-
certaintiesandsignificancegassuminghe parameterso beindependentSince
it is noteasyto find a singlemethodthatcanreplaceall threemethodausedfor
sensitvity anduncertaintyanalysis,it is beneficialto useall threemethodsat
the screeningtage speciallywhentherearemary parameters.
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Figurel: A mapof SouthFlorida.
Figure2: Thesensitvity matrix.



