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ABSTRACT
Thesensitivity anduncertaintyestimatesof aregionalmodelto aselectedsetof
lumpedanddistributedparametersis determinedusingthefirst ordermethod,
the Rosenbluethmethodand the Latin Hypercubesampling(LHS) method.
Evapotranspiration(ET) crop coefficientsis identifiedin the studyasthe pa-
rametermostsensitive to the output, followed by roughness.Singularvalue
decompositionis usedto determinepossiblegroupingof parameters.

INTRODUCTION
Parameteruncertainty, combinedwith input uncertaintyandthealgorithmun-
certaintyareresponsiblefor the total modeluncertainty. Regionalhydrologic
modelsfor SouthFloridauselargenumbersof distributedparameterssuchas
ET cropcoefficientsandflow roughnesswhich changewith local naturalcon-
ditions,andcannotbedeterminedwith precision.Model outputsalsodepend
on topographicelevations, river widths, detentiondepthsand other features
which cannotbedeterminedthroughdirectcomputations.Thestudyis aimed
at determiningthesensitivity of selectedmodeloutputsto someof theparam-
eters.Model sensitivity analysisprovidesanopportunityto studythebehavior
of physicalsystemsto varyingnaturalandman-madeconditions.

METHODSOF ANALYSIS
Thesimplestmethodfor sensitivity analysisis thefirst ordermethodin which
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thefollowing definitionof thesensitivity matrix A � �
ai � j � is used.
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n parameters.Singularvaluedecompositionof matrix A canbeusedto iden-
tify groupsof parameterssensitive to groupsof observations(Lal, 1995).The
outputvariancecanbecomputedapproximatelyusing

Var � yi � � m

∑
j � 1

a2
i j σ2

j � 2
m

∑
j � k

ai jaik σ jσk ρ jk i � 1 
 2 
������ n (2)

in which,σ2
j
� varianceof parameterj; ρ j � k � correlationbetweenparameters

j andk.

Thesecondmethodusedis thefactorialdesignmethodin which morethan
oneparameteris changedatatimetogenerateparametersetsfor themodelruns
(Box, etal.,1978).Theoutputis usedto determinesensitivity of parametersas
well asparameterinteractions.Thesamecombinationsof parametersareused
in theRosenbluethmethodto computeoutputvariances(Binley, 1991).Using
themethod,theN th momentin theoutputis expressedas

E ��� y � N ��� 1
2m ��� q �����������m � � y �����������m � N ! � q "#���������m � � y "$���������m � N ! � q "%"�"%�����m � � y "%"�"������m � N � (3)

in which,m � numberof parameters;� y &'&(&*)+)+) m � givestheN th momentwhen
eachof them parametersaresetatmeanplusor meanminusonestandarddevi-
ationaccordingtoa+ and- signs;q � 1 , ρi � j ����� asdescribedby Binley, (1991).

WhenusingtheLHS method(Sing,1990),probabilitydistributionsareas-
sumedfor eachparameter, andeachdistribution is divided into a numberof
intervals. A Gaussianis assumedin the study. Parametersarerandomlyse-
lectedsuchthat eachinterval appearsin exactly onemodel run. The model
outputsgeneratedarestatisticallyanalyzed.
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APPLICATION TO SOUTHFLORIDA
Figure 1 shows the areaof SouthFlorida studiedusing the Natural System
Model (NSM 4.2). A totalof 27parameterswereselectedfor thestudyby cre-
ating regional parametersfor ET androughness.Overall detentiondepthand
theriverwidth arealsoconsideredasparameters.All parametersor groupsare
variedaspercentagesof basevalues.Effect of groundelevationwasincluded
in thestudyby consideringunit displacementsin severalregions.A totalof 58
flow, stageandhydro-periodobservationsareusedto understandtheinfluence
of theparameters.

Thefirst ordermethodis usedto estimatetheoutputuncertaintyassuming
both zeroandmaximumcorrelationsamongparametersto obtainupperand
lower boundsof variance.The actualcorrelationsamongparametersarenot
availablefor thestudy. WhenusingtheRosenbluethmethod,parametersof the
sametypesuchasET androughnessweregroupedto reducethe27 indepen-
dentparametersto N � 4 groups,which still requires2N � 16 computerruns.
Thenumberof runsmadefor theLHS methodis limited to 200becauseeach
run takesapproximately1 Hr to run in aSparc10. Two rangesof uncertainties
of inputparametersis assumed.Theextremerangeis basedon theassumption
that it is physically impossiblefor the parametersto exceeda certainrange.
Thecalibrationrangeis computedconsideringthatany valuesoutsidetherange
would offsetthecalibration,andbecomeeasilynoticable.Theextremeranges
usedfor ET, roughnessanddetentiondepthare12%,43%and30%of param-
eterbasevalues.Trimble (1995)useda similar approach,andappliedsomeof
themethodsto theSouthFloridaWaterManagementModel (SFWMM).

RESULTS AND DISCUSSION
The sensitivity matrix for averageconditionsin Fig. 2 shows the relative im-
portanceof ET over otherparameters.ET androughnesseffectsaresomewhat
spreadover the region becausemany land usetypesarealsospread.Effects
of the topographicelevation changesare localizedbecauseonly small areas
wereconsidered.Table2 shows upperandlower boundsof outputuncertainty
of selectedgageswhich correspondto zeroandmaximumcorrelations.The
contributionsof individual parametersarealsoshown in thetable. Sensitivity
of parametersdependon many statevariablestoo. Waterlevel for exampleis
moresensitive to parameterswhenit is below thegroundthanabove.

Singularvaluedecompositionof thesensitivity matrixnormalizedusingav-
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Table1: Outputuncertaintyresultingfrom assumedparameteruncertainties.
Parameters:EFrmN,EFrmS= ET cropcoeff. of freshmarshin theNorth and
theSouth;ESgrN,ESgrS= ET crop. coeff. of saw grassin theNorth andthe
South;MSagrN,MSagrS= Manningsroughnessof saw grassin theNorthand
theSouth.

Observations: QTami, QShSl = discharge acrossTamiami Trail and Shark
Slough,in ac ft / day; S-10,S3A-28= stagesof gagesS-10andS3A-28 in
ft.; T1-7= hydroperiodatgage1-7 in days/year.

EFrmN ESgrS ESgrS MSagrN MSagrS Avg. εuncorr εcorr-
Std.err. 12% 12% 12% 43% 43%
QTami 56 135 173 64 70 3633 445 1700
QShSl 23 46 60 23 22 1300 231 881
S-10 0.08 0.02 0.00 0.03 0.00 15.0 0.68 1.04
S3A-28 0.01 0.03 0.04 0.02 0.00 8.4 0.13 0.48
T1-7 15 3 0 3 0 339 18 41

eragesof parametervaluesandthe standarddeviationsof observationsshow
thatthemostsignificantparametergroupamongtheselectedconsistof almost
all theET coefficientsin thecentralregionwhich remainwetmostof thetime.
This groupaffectsall thestagesin theareaandtheflows. Thesecondparam-
etergrouphasgroundelevation of thecentralsawgrassregion, which mainly
affectsthe local waterstages.Thesingularvaluesfor the problemdo not de-
cayrapidly asin many smallscalemodels(Lal, 1995)showing thatthemodel
actuallyhasa largeparameterdimension.

Thefactorialdesignmethodgivesmoredetailedinformationof sensitivities.
For averageflow acrossTamiamiTrail for example,

Qtam
� 3647. 7007ET . 784Mann . 56/ 2Wid ! 13/ 6ET 0 Mann ! 26/ 1ET 0 Wid ! /1/1/ (4)

in which,ET, Mann,Wid = changesof all thevaluesof ET, Manning’s rough-
nessand river widths, consideredas fractionsof basevalues. The equation
showsthatinteractiontermsarerelatively negligible, andthatsensitivity to one
parameteris only slightly affectedby anotherparameter. Equation4 showsthat
the averagedischarge of 3647Ac ft/day reducesby 7007Ac ft/day whenall
theET valuesareincreasedby 100%,assuminga linearmodel.Firstorderand
LHS methodsgive approximatelythesameresults.TheLHS methodcanalso
provideestimatesof statisticalsignificancesandstandarddeviations.

CONCLUSIONS
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First ordermethodsaresimpleand fast,but relatively inaccurate.They can
provide upperandlower boundsof uncertaintybandswhentheparametercor-
relationsarenotknown. Rosenbluethandfactorialmethodsaremoreaccurate,
but requirea large numberor computerrunswhenthe numberof parameters
is large. Factorialmethodcandetectparameterdependenciesaswell. LHS
methodrequirea large numberof computerruns, but this numberdoesnot
increaseexponentially. LHS methodgivesrealisticestimatesof parameterun-
certaintiesandsignificancesassumingtheparametersto beindependent.Since
it is noteasyto find asinglemethodthatcanreplaceall threemethodsusedfor
sensitivity anduncertaintyanalysis,it is beneficialto useall threemethodsat
thescreeningstage,speciallywhentherearemany parameters.
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Figure1: A mapof SouthFlorida.
Figure2: Thesensitivity matrix.
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