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The Aim The Aim of of the Gamethe Game

Find a Find a description for the description for the 
soil water dynamics thatsoil water dynamics that
““perfectlyperfectly” ” reproduces reproduces allall
observable macroscopic observable macroscopic 
behaviour behaviour 
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The The Richards Richards equationequation
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Inverse Inverse Modellierung Modellierung 

Involves Involves experimentsexperiments where the system state where the system state 

changes, as enforced by changes in boundary conditions changes, as enforced by changes in boundary conditions 

((controlled or just observedcontrolled or just observed))

State State observationsobservations

((water contents, water potentials, concentrations;water contents, water potentials, concentrations;

water fluxes at boundaries, mass fluxes at boundarieswater fluxes at boundaries, mass fluxes at boundaries))

SimulationSimulation of the experiment that aim to match the of the experiment that aim to match the 

observationsobservations

((involves noninvolves non--linear minimization of an error criterionlinear minimization of an error criterion))
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TypicalTypical MSTOMSTO

(Hopmans, Simunek, Romano and Durner, Methods of Soil Analysis, 2002)

Diffuse Einträge in das Grundwasser: Monitoring – Modellierung – Management  |  Graz, 29.-31. Januar 2007

Durner, Jansen, Iden: Determination of Effective Parameters for Modeling Water Transport on the Lysimeter Scale www.soil.tu-bs.de 

E
XA

M
P

LE
E

XA
M

P
LE

Lab inflow/outflow experiment:Lab inflow/outflow experiment: boundary conditionsboundary conditions
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Lab inflow/outflow experiment:Lab inflow/outflow experiment: tensiometer tensiometer responseresponse
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Lab inflow/outflow experiment:Lab inflow/outflow experiment: flow responseflow response
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Lab inflow/outflow experiment:Lab inflow/outflow experiment: modeling resultsmodeling results
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material material propertiesproperties
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The usual assumptions The usual assumptions ……

RigidityRigidity

OneOne--phase flowphase flow

No vapor transportNo vapor transport

Isothermal conditionsIsothermal conditions

Independency from Independency from 

chemical propertieschemical properties
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Photo: P. Photo: P. loamannloamann,. FIMOTUM, 2005,. FIMOTUM, 2005

macroscopic “homogeneous”macroscopic “homogeneous”

REVREV

Diffuse Einträge in das Grundwasser: Monitoring – Modellierung – Management  |  Graz, 29.-31. Januar 2007

Durner, Jansen, Iden: Determination of Effective Parameters for Modeling Water Transport on the Lysimeter Scale www.soil.tu-bs.de 

Hydraulic properties Hydraulic properties on on the lysimeter scalethe lysimeter scale

still still applicableapplicable? ? 
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Photo: Stamm, 1995

AreAre

Effective Effective 

Hydraulic Hydraulic 

PropertiesProperties

equivalentequivalent toto

Mean Mean 

PropertiesProperties
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OutlineOutline

•• Hydraulic Properties Hydraulic Properties of of homogeneous homogeneous systemssystems

•• Hydraulic PropertiesHydraulic Properties of of heterogeneousheterogeneous systemssystems

•• Effective hydraulic propertiesEffective hydraulic properties of of heterogeneous heterogeneous systems systems 

determined bydetermined by inverse inverse modelingmodeling

•• Hydraulic Properties Hydraulic Properties of of homogeneous homogeneous systemssystems
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sand 
and 
loam

Basic Basic considerationsconsiderations

effectiveeffective WRC:WRC:

arithmarithm. . mean mean 

of of local WRCslocal WRCs

effective conductivityeffective conductivity::

arithmarithm.. mean mean 

of of local conductiviteslocal conductivites
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loam
above 
sand

Basic Basic considerationsconsiderations

effectiveeffective WRC:WRC:

it depends it depends ......

effective conductivityeffective conductivity::

harmonic meanharmonic mean
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Flow path formation 
depends on local 

properties

AND

boundary 
conditions

(Roth, WRR, 1996)

Unsaturated flowUnsaturated flow in a Millerin a Miller--MillerMiller--similar porous mediumsimilar porous medium
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OutlineOutline

•• Hydraulic propertiesHydraulic properties of of homogeneous homogeneous systemssystems

•• Hydraulic propertiesHydraulic properties of of heterogeneousheterogeneous systemssystems

•• Effective hydraulic propertiesEffective hydraulic properties of of heterogeneous heterogeneous systems systems 

determined bydetermined by inverse inverse modelingmodeling
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Inverse modeling of heterogeneous systemsInverse modeling of heterogeneous systems

1.1. Creation of „Creation of „virtual realitiesvirtual realities“ …“ …

•• homogeneous, layered, stochastic homogeneous, layered, stochastic heterogeousheterogeous, , 
structured, without roots and with roots, …structured, without roots and with roots, …

2.2. … to obtain … to obtain synthetic measurement datasynthetic measurement data ……

•• MSO, evaporation experiments, infiltration experiments, MSO, evaporation experiments, infiltration experiments, 
natural boundary conditionsnatural boundary conditions

3.3. … that are … that are evaluated by inverse simulationevaluated by inverse simulation..

•• Investigate (1): Investigate (1): 
role of type, density, noise, errors in measurementsrole of type, density, noise, errors in measurements

•• Investigate (2): Investigate (2): 
effects of erroneous assumptionseffects of erroneous assumptions
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QuestionsQuestions

1)1) Is internal heterogeneity Is internal heterogeneity evidentevident in the observations ?in the observations ?

2)2) Exist Exist apparentapparent effective propertieseffective properties? ? 

3)3) Exist Exist truetrue effective propertieseffective properties ??

Invariant with respect toInvariant with respect to

–– Spatial scale of the mediumSpatial scale of the medium

–– Temporal scale and type of boundary conditionsTemporal scale and type of boundary conditions

–– Moisture rangeMoisture range
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stochastic

kinds kinds ofof internal heterogenity internal heterogenity 

stratified structured
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•• Virtual heterogeneous soil Virtual heterogeneous soil systems:systems:

Effects Effects of of local local random heterogeneityrandom heterogeneity ((WienhöferWienhöfer))
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MillerMiller--similar stochastic mediumsimilar stochastic medium

LogLog--normal normal scaling factor scaling factor σσloglogαα

System System sizesize 50 x 50 cm50 x 50 cm

Variation of Variation of isotropy isotropy and and 

correlation lengthcorrelation length



14

29
Diffuse Einträge in das Grundwasser: Monitoring – Modellierung – Management  |  Graz, 29.-31. Januar 2007

Durner, Jansen, Iden: Determination of Effective Parameters for Modeling Water Transport on the Lysimeter Scale www.soil.tu-bs.de 

MillerMiller--Miller Miller scenariosscenarios: : varying the standard deviation varying the standard deviation of log(of log(αα))

loamy sand, 
σ = 0,5

loamy sand, 
σ = 0,01
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•• Virtual heterogeneous soil Virtual heterogeneous soil systems:systems:

Effects Effects of of local local deterministic heterogeneitydeterministic heterogeneity ((FoitFoit))
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LayeredLayered

case 1
loam above sand

case 2 
sand above loam

case 3
10 layers I

case 4
10 layers II
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case 5
sand and loam I

case 6
sand and loam II

verticalvertical
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case 7
4 fields I

case 8
4 fields II

chess fieldschess fields
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vertical structurevertical structure

case 9
preferential flow I

-- loam with preferential flow pathloam with preferential flow path
((KKss = 150 = 150 KKmatrixmatrix))

case 10
preferential flow II
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horizontal horizontal structurestructure

case 11
lenses I

case 12
lenses II

-- sand with lensessand with lenses of of low permeabilitylow permeability
((KKss = 1/150 = 1/150 KKmatrixmatrix))
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Some tentative conclusions Some tentative conclusions ......

(1) (1) Is internal heterogeneityIs internal heterogeneity evidentevident inin the observationsthe observations ??

–– yesyes, , byby systematicsystematic mismatchesmismatches

–– In In practice hidden by measurement noisepractice hidden by measurement noise

2)2) Exist Exist apparentapparent effective propertieseffective properties, and, and are theyare they inin

accordance with the local parameterization accordance with the local parameterization ??

–– forfor moderate moderate heterogeneityheterogeneity: : yesyes

–– for stronger heterogeneityfor stronger heterogeneity: : unclearunclear

3)3) Exist Exist truetrue effective properties effective properties ??

–– answer is postponed answer is postponed ......



18

37
Diffuse Einträge in das Grundwasser: Monitoring – Modellierung – Management  |  Graz, 29.-31. Januar 2007

Durner, Jansen, Iden: Determination of Effective Parameters for Modeling Water Transport on the Lysimeter Scale www.soil.tu-bs.de 

•• Virtual heterogeneous soil Virtual heterogeneous soil systems:systems:

Layered heterogeneity Layered heterogeneity on on the lysimeter scalethe lysimeter scale ((JansenJansen))
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HypothesisHypothesis

LysimetersLysimeters are ideal are ideal 

for bridging the gap for bridging the gap 

between the lab and the between the lab and the 

field scalefield scale

1010--44 mm33 1010--33 mm33 1010--22 mm33 101000 mm33

Soil cores

Big lab column

Lysimeters

Lab column

1010--11 mm33
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LysimetersLysimeters

…… are are 

systems systems 

at the at the 

appropriate appropriate 

scale scale 

Photo: Stamm, 1995
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Properties of modern Properties of modern lysimeterslysimeters

•• Undisturbed soilUndisturbed soil

•• Control of pressure at bottomControl of pressure at bottom

•• Contrary to the fieldContrary to the field::
High precision monitoring of water fluxes at boundariesHigh precision monitoring of water fluxes at boundaries
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Example: Inverse fit of cumulative outflow Example: Inverse fit of cumulative outflow 
(homogeneous (homogeneous lysimeterlysimeter))
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Example: homogeneous Example: homogeneous lysimeterlysimeter
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Lesson Lesson 11

•• By principle we can successfully By principle we can successfully fit fit observations from observations from 

lysimeters under natural atmospheric conditionslysimeters under natural atmospheric conditions

•• A A unique parameter identification requires the use unique parameter identification requires the use of of 

robust globalrobust global algorithms algorithms 

46
Diffuse Einträge in das Grundwasser: Monitoring – Modellierung – Management  |  Graz, 29.-31. Januar 2007

Durner, Jansen, Iden: Determination of Effective Parameters for Modeling Water Transport on the Lysimeter Scale www.soil.tu-bs.de 

layeredlayered
soil;soil;

Ex
am

pl
e 

Ex
am

pl
e 

2:
 

2:
 la

ye
re

d 
so

il
la

ye
re

d 
so

il



23

47
Diffuse Einträge in das Grundwasser: Monitoring – Modellierung – Management  |  Graz, 29.-31. Januar 2007

Durner, Jansen, Iden: Determination of Effective Parameters for Modeling Water Transport on the Lysimeter Scale www.soil.tu-bs.de 

hh @ z=50 cm@ z=50 cm

hh @ z=150 cm@ z=150 cm

θθ @ z = 50 cm@ z = 50 cm

θθ @ z = 150 cm@ z = 150 cm
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Lesson Lesson 22

•• We can We can fit fit outflow observations even for strongly  outflow observations even for strongly  

heterogeneous lysimeters assuming theyheterogeneous lysimeters assuming they havehave quasiquasi--

homogeneous propertieshomogeneous properties

•• But But different different experiments lead experiments lead to different to different identified identified 

propertiesproperties

•• And: And: the internal state the internal state variables variables can can no no longer be longer be 

matched matched 
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The good news: The good news: 
Simultaneous estimation for structural units Simultaneous estimation for structural units 
possible!possible!

LayeredLayered systems systems –– individual individual fit fit for layersfor layers
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Summary (1 of 2)Summary (1 of 2)

»»Inverse ModelingInverse Modeling« of laboratory systems is a « of laboratory systems is a 

developed tool to interpret experimental observations developed tool to interpret experimental observations 

in an consistent and integrated manner.in an consistent and integrated manner.

Typical Typical observations in the fieldobservations in the field yield not sufficient data yield not sufficient data 

((with respect to type, quality, and resolutionwith respect to type, quality, and resolution) to get ) to get 

unambiguous and conclusive results.unambiguous and conclusive results.

To bridge the gap between the lab and field scale,  To bridge the gap between the lab and field scale,  

inverse modeling of processes in inverse modeling of processes in lysimeterslysimeters is useful is useful 

and very promising.and very promising.
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Summary (2 of 2)Summary (2 of 2)

No unique effective hydraulic propertiesNo unique effective hydraulic properties exist for large exist for large 

layered systems with strongly heterogeneous local layered systems with strongly heterogeneous local 

properties.properties.

Water fluxes across boundaries could be well describedWater fluxes across boundaries could be well described

for each of the investigated scenarios.for each of the investigated scenarios.

All these results are All these results are obtained for ideal casesobtained for ideal cases, which are , which are 

never fully met in naturenever fully met in nature
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