
What c ons titutes a Model? ?

• E quations & P rocess C oncepts
– Ass umption/T heory on nature of dominating process es

– P rinciple constraint for model behavior

– C onstrain/ Determine field obs ervations / development of obs ervation
techniques

• P arameters
– Measurements/ C alibration

– Ill pos ed problems

– E quifinality

• Data on Inputs/ S tates/ F luxes
– F orcing & T arget variables

– Measurements/ E rrors / R eproducibility under identical conditions?

B ehavioral predic tions require reproduc ible obs ervations
• Does a set of field observations of initial and boundary conditions

constrain s ystem behavior to yield „identical“ response within
„identical“ trials? ?

P roc es s Models as virtual L ands c apes
• S imulate identical replicas of discharge measurements for identical sets of

obs erved initial & boundary conditions

• S hed light on reproducibility of meas urements in different average saturations
states in the pres ence of thres hold processes

Model c onc ept
• C atchment cons ists of hill s lopes and river net

• Hills lope P roces ses : 2d Darcy - R ichards with macropores (thres hold app.)

• E T : P enman-Monteith

• Overland flow/ R iver flow : S aint Venant (C onvection-Diffus ion)

Non behavioral obs ervations in a L oes s L ands c ape
C atc hment c harac teris tic s
• 3.5 km2 large, up to 15 m huge Loess layers , S emi humid climate

• S patial organis ation of S oils : T ypical Loess catena due to eros ion & s edimentation

• S patial organis ation of Macropores : Higher amount of worm burrows in moist but drained
C olluvisol soils at the valley floors (Zehe & F lühler, 2001)

• Dominance of Hortonian R unoff production, no subs urface storm flow

Data bas e (F ig. 1)
• P recipitation/ Discharge/ Meteorological Data: 6 gages/ 2 gages/ 1 station

• S oil moisture: 61 T DR stations

• S oil hydraulic properties/ Macroporos ity: several transects à 200 s amples/ 15 s ites

• C rop pattern/ LAI/ R oot depth/ Mannings n: V isual inspection/ Irrigation experiments

Model c alibration
• Us e model s lopes with typical catena & pattern of macroporos ity (F ig. 2)

• E stimate average hills lope macroporos ity fm for largest obs erved flood event (F ig. 3)

• S imulate identical replicas of discharge measurements for identical sets of obs erved initial &
second largest flood event #2 (August 95)

• Us e turning band s imulations of initial soil moisture conditioned to 61 point obs ervations as
identically obs erved initial s tate (30 realizations)

• Differences in realizations reflect uncertainty of the obs ervation of the initial s tate

• R epeat for average soil moisture ranging from 0.12 to 0.38 m3m-3

C onc lus ions
• Interplay of unc ertain initial c onditions leads to s tate dependent reproducibility of

s imulated meas urement
• S imulated identic al replic a of meas urements give s trongly different res pons e if

s ys tem is c los e to thres holds
• Immanent limits for reproducibility of meas urements and therefore for predic tability

of hydrologic s ys tems res pons e
• Need better tec hniques for obs erving c atc hment s c ale s tate variables
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F ig.1: Meas urement Network
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mac roporos ity pattern
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F ig.3: C alibration for larges t flood event #1 in J une 94 (left panel) and c ontinuous s imulation for 1.5 y

F ig.4: S c aled range & c oeffic ient of variation of flood
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F ig.5: S oil hydraulic properties of Weiherbac h s oils


