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1. ContextsContexts
2. NonNon--destructive sampling methoddestructive sampling method
3. Hydrological properties of individual soil horizonsHydrological properties of individual soil horizons
4. Hydrodynamic Analysis of soil monolithsHydrodynamic Analysis of soil monoliths
5. Modelling of largeModelling of large--size soil columnssize soil columns
6. Expected resultsExpected results

PlanPlan

To To presentpresent a a methodmethod to to characterizecharacterize ::

(i)       (i)       HydrologicalHydrological//hydroushydrous propertiesproperties of of borealboreal soilssoils

(ii)(ii) InfiltrationInfiltration

For For hydrologicalhydrological modellingmodelling of a of a borealboreal watershedwatershed ((methodmethod onlyonly no no resultsresults yetyet))

ObjectivesObjectives

PlanPlan



Geographical contextGeographical context

•• 50 kilometers East of James Bay (50 kilometers East of James Bay (5454°°N, 78N, 78°°OO), ), 
next to La Grande River, next to La Grande River, between LG1 and LG2 dams. between LG1 and LG2 dams. 

•• PedologicalPedological sampling sampling NNéécopastic watershed (copastic watershed (240 km240 km22))

•• Vegetation : Forests +Vegetation : Forests + BogsBogs

FranFranççois Ravenelle (INRS)ois Ravenelle (INRS)

James  BayJames  Bay

QuQuéébec citybec city

NecopasticNecopastic watershedwatershed

La Grande RiverLa Grande River

Reservoir for Reservoir for hydroeletrichydroeletric
production production 

Hudson Hudson BayBay

www.googlearth.comwww.googlearth.com

Site location and descriptionSite location and description



Interest contextInterest context

•• Current and potential hydroelectric productionCurrent and potential hydroelectric production
Numerous dams or projectsNumerous dams or projects

•• Vegetation blankets and soils are very diversified. They contribVegetation blankets and soils are very diversified. They contribute to the water supply of reservoirs ute to the water supply of reservoirs 

LG-1

http://photos.linternaute.com/auteur/5949100/1074699167/

EnvironmentalEnvironmental and and economiceconomic contextscontexts



•• Variability of Variability of boreal boreal pedologypedology is underestimated is underestimated -- Boreal soils are not uniform and monotonous !Boreal soils are not uniform and monotonous !
Main soilMain soil : : -- purely organic soilspurely organic soils

-- organic organic PodzolsPodzols
-- mineral soilsmineral soils

Main blanketsMain blankets : : -- mossesmosses
-- lichenslichens
-- organic layers (humus and litters)organic layers (humus and litters)

•• PedologicalPedological horizons are diverse and each of them possess unique physical ahorizons are diverse and each of them possess unique physical and nd 
hydrous properties. It is not only peat and sand!hydrous properties. It is not only peat and sand!

The boreal soils and their hydrous properties remain relatively The boreal soils and their hydrous properties remain relatively unknownunknown

PedologicalPedological context context 

Questions :Questions :

•• Influence of moss, lichen blankets and humus horizons on infiltrInfluence of moss, lichen blankets and humus horizons on infiltration ?ation ?

•• Influence of Influence of organoorgano--mineral interfaces ?mineral interfaces ?

•• Variable responses (linked to soil type)Variable responses (linked to soil type)



PedologicalPedological context context 

Peatland (Peatland (BogBog))

ArcheanArchean bedrockbedrock

NorthNorth SouthSouth

Location of Location of samplingsampling sitessites

(1)(1)(2)(2)

(3)(3)

(4)(4)
(5)(5)

DilatedDilated vertical vertical scalescale

Soil distribution along a topographic transectSoil distribution along a topographic transect (1) In the middle of the (1) In the middle of the bogbog
(2) In (2) In bogbog peripheryperiphery

(3) Sandy (3) Sandy topsoiltopsoil and and outcropsoutcrops
(4) Dense (4) Dense forestforest(5) (5) ScatteredScattered forestforest

EnvironmentsEnvironments



ProblematicProblematic
The specificities of boreal organic soils must be consideredThe specificities of boreal organic soils must be considered

Physico-hydrous properties of 
organic soils or organic horizons

Physico-hydrous properties of mineral
soils or mineral horizons

Porosity Total porosity > 80%
Macroporosity > 50%

Total porosity < 50%
Macroporosity < 25%

Retention
and 
hydraulic conductivity
curves

θ and K rapidly decrease
(between 0 < h < -20 cm)

Strong anisotropy for K
Strong hysteresis (θ and K are 

smaller during sorption phase) 

Varied porosity (wide range of pore 
sizes) = wide retention strength range

Soil surface saturation rate

Control of the infiltration 
rate

Ic (Infiltration capability)

Difficult to reach Easy to reach

Top horizons (humus; acrotelm
(unsaturated and macroporous)) and 
moss or lichen blankets

Precipitation regime Ic = f(P)
(When P > Ic Surface runoff)

Immediate (P < Ic)   (Guertin and al., 
1987)
Ic = constant

Ic ≠ constant

Properties
Materials

OrganicOrganic soilssoils curvescurves θθ(h(h), ), K(K(θθ) and K( h )) and K( h )
remainremain unknownunknown in in borealboreal areaarea



ObjectivesObjectives
duedue

Flow Flow equationequation
((ModifiedModified Richards) Richards) 

HydrologicalHydrological behaviorsbehaviors of of borealboreal organicorganic soilssoils Model adaptationModel adaptation

1) In the laboratory 2) Modelling at the soil column scale

Small size Small size columnscolumns
IndividualIndividual horizon horizon propertiesproperties

Large size Large size columnscolumns
SoilSoil monolithsmonoliths hydrologicalhydrological limitslimits
(for (for variousvarious saturation rate and saturation rate and 
variousvarious precipitationprecipitation regimesregimes To To reproducereproduce the the behaviorbehavior

observedobserved in the in the lablab

ProblematicProblematic

ExperimentsExperiments

AnalyticalAnalytical
and and 

empiricalempirical
equationsequations

θθ(h), K((h), K(θθ) et K(h)) et K(h)

((KsKs, , KunsatKunsat, poral classes , poral classes sizessizes, , BulkBulk densitydensity, , 
ParticleParticle densitydensity, %, %MacroporosityMacroporosity, Pore , Pore geometrygeometry, , 
Texture/Structure, Texture/Structure, GranulometryGranulometry, , 
SwellingSwelling//ShrinkageShrinkage effecteffect : : σσ((θθ) et S() et S(θθ), ), 
DecompositionDecomposition degreedegree, , GasesGases diffusivitydiffusivity, , 
AnisotropyAnisotropy, , HysteresisHysteresis))

IcIc, Maximum drainage, Maximum , Maximum drainage, Maximum storagestorage, , 
Conditions (Conditions (WhenWhen, , wherewhere, How ?) , How ?) R, I, D and R, I, D and ∆∆zwzw, , 
ΔΔansweranswer accordingaccording to surface saturation rateto surface saturation rate, , 
ΔΔansweranswer accordingaccording to to soilsoil typetype

ComparisonsComparisons



SamplingSampling

IndividualIndividual blanketsblankets
and horizonsand horizons

The 5 The 5 typicaltypical soilsoil monolithsmonoliths

Sampling methodologySampling methodologyObjectivesObjectives



Sampling methodologySampling methodology
UndisturbedUndisturbed samplingsampling methodmethod for for soilsoil monolithsmonoliths

SoilSoil samplingsampling

SyntheticSynthetic cylindercylinder



UndisturbedUndisturbed samplingsampling methodmethod for for blanketsblankets and and individualindividual horizonshorizons

BlanketsBlankets (moss, lichen, humus) (moss, lichen, humus) 
+ + ΣΣ PedologicalPedological horizonshorizons

Calibration of Calibration of TDR probes TDR probes Ka = f (Ka = f (θθ))

BlanketsBlankets (moss, lichen, humus) (moss, lichen, humus) 
+ + ΣΣ PedologicalPedological horizonshorizons

PhysicalPhysical, , chemicalchemical, , hydroushydrous and and 
hydrologicalhydrological propertiesproperties

18 cm

16 cm
16 cm

30
 c

m

Sampling methodologySampling methodology



MethodologyMethodology

AnalysisAnalysis

PedologicalPedological
horizons horizons 

+ + 
BlanketsBlankets

(moss and lichen)(moss and lichen)

IndividualsIndividuals

SoilSoil monolithsmonoliths

-- HydrodynamicHydrodynamic behaviorbehavior

-- Identification of the Identification of the rolerole pedologicalpedological
transition and transition and blanketsblankets playplay in in 
infiltrationinfiltration

PhysicalPhysical propertiesproperties

ChemicalChemical propertiesproperties

HydrologicalHydrological propertiesproperties
θθr r , , θθs s , , θθ(h), (h), KKss , K(, K(θθ), K(h)), K(h)

ClassicalClassical methodsmethods

Large size Large size elutionelution columnscolumns

ModifiedModified cube cube methodmethod

Double tension disc Double tension disc infiltrometerinfiltrometer
InstantaneousInstantaneous profiles profiles methodmethod

Sampling methodologySampling methodology

Firstly

Secondly



SampleSample

UpperUpper discdisc

LowerLower discdisc

16 cm16 cm

5 
cm

5 
cm

MariotteMariotte
bottlebottle

AdjustableAdjustable
supportsupport

PlatFormPlatForm
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GraduatedGraduated
cylindercylinder

ΔΔzz
0 cm0 cm

--4 cm4 cm

--8 cm8 cm

--12 cm12 cm

--16 cm16 cm

--20 cm20 cm

0 cm0 cm

--4 cm4 cm

--8 cm8 cm

--12 cm12 cm

--16 cm16 cm

--20 cm20 cm
PVC PVC 
Support Support 

PVCPVC
cylindercylinder

GraduatedGraduated
cylindercylinder

ΔΔzz

Double tension disc infiltrometer (Price and al., 2008)

ObtainedObtained propertiesproperties
-- KsKs
--K(h)K(h)

Domain of applicationDomain of application
-- FibricFibric peatypeaty horizons, horizons, weaklyweakly decomposeddecomposed
-- BlanketsBlankets : moss, lichen, and humus: moss, lichen, and humus

duringduring sorption or sorption or desorptiondesorption phasesphases
(and (and θθ(h))(h))

DeformationDeformation nearnear saturation saturation isis consideredconsidered

ExtensiometerExtensiometer ((∆∆V(V(θθ))))

Methodology : individualized Methodology : individualized 
horizonshorizons

AtmosphericAtmospheric
pipepipe



EvaporatorEvaporator

SupportSupport

Sorption phaseSorption phase

DesorptionDesorption phasephase

ΔΔzz

hh11

hh22

0 cm0 cm

--2 cm2 cm

--4 cm4 cm

--6 cm6 cm

--8 cm8 cm

--10 cm10 cm

--12 cm12 cm

--14 cm14 cm

18
 c

m
18

 c
m

16 cm

Methodology : individualized Methodology : individualized 
horizonshorizons

Instantaneous profile method (Naasz and al., 2005)

TensiometersTensiometers

-- MicrometricMicrometric glass glass ballsballs

-- MicroporousMicroporous membranemembrane

-- ThickThick clothcloth withwith coarsedcoarsed meshmesh

Tension tableTension table

-- PVC tubPVC tub

TDR probesTDR probes

PVC PVC cylindercylinder
SampleSample

RubberRubber band band 

ThinThin clothcloth withwith coarsecoarse meshmesh

Domain of applicationDomain of application

-- DecomposedDecomposed peatypeaty horizons horizons 
-- MineralMineral horizons horizons withwith fine texturefine texture

ObtainedObtained propertiesproperties
-- KsKs
-- K(h)K(h)
-- K(K(θθ))

-- θθrr
-- θθss
-- θθ(h)(h)



Methodology : individualized Methodology : individualized 
horizonshorizons

SawSaw

20
 cm

20
 cm

X

Z
Y Y

X
Z

KszKsz KsxKsx

Modified cube method (Beckwith and al., 2003)

Domaine of applicationDomaine of application
-- PeatyPeaty horizonshorizons
-- BlanketsBlankets : moss, lichen, and humus: moss, lichen, and humus

ObtainedObtained propertiesproperties
AnisotropyAnisotropy ((KsKs))
--KszKsz (vertical)(vertical)
--KsyKsy and and KsxKsx (horizontal) (horizontal) 

16 cm16 cm

PVCPVC
cylindercylinder

PeatPeat
samplesample

SampleSample isis coatedcoated
withwith waxwax

Open Open sidessides
accordingaccording to to 

«« zz »»

MeasureMeasure fluxflux
accordingaccording to to thisthis

directiondirection

FillFill in in sidessides
againagain

Open Open sidessides
accordingaccording to to 

«« xx »»

... 

MeasureMeasure fluxflux
accordingaccording to to thisthis

directiondirection



PedotransfertPedotransfert function (PTF) for function (PTF) for θθ(h) and K((h) and K(θθ))

Non-specific equations for both boreal organic and mineral horizons
Specific equations for each boreal horizon

Methodology : individualized Methodology : individualized 
horizonshorizons

KsKs, , KsKs anisotropyanisotropy, K(, K(θθ), K(h), h(), K(h), h(θθ), ), θθs, s, θθr r 
Humus / Living Humus / Living blanketsblankets / / OrganicOrganic horizons / horizons / MineralMineral horizonshorizons

Non-specific equation for general boreal soils 

Bulk densityBulk density
Particle densityParticle density

Decomposition degreeDecomposition degree
GranulometryGranulometry ……

Van Van GenuchtenGenuchten--MualemMualem model adaptation/adjustmentmodel adaptation/adjustment

Non-specific equations: for both boreal organic and mineral horizons
Specific equations for each boreal horizon

Non-specific equation for general boreal soils 



Methodology : soil monolithsMethodology : soil monoliths
Infiltration on large size columns (Yang and al., 2004 and 2006 ; Legout, 2005)

System descriptionSystem description

SoilSoil columncolumn

ContinousContinous monitoring monitoring 
of of swellingswelling / / shrinkageshrinkage

= f(= f(θθ))

ContinousContinous
monitoring ofmonitoring of

water water retentionretention

Control Control mechanismsmechanisms
for system for system limitslimits

ContinousContinous
monitoring of monitoring of 
pressure pressure headhead

ProbeProbe
locationslocations

Data acquisition systemData acquisition system

RainRain
simulatorsimulator

PrecipitionPrecipition
regimesregimes

Methodology : individualized Methodology : individualized 
horizonshorizons



Methodology : soil monolithsMethodology : soil monoliths

Range of simulated rainfalls (James Bay)
- Common event : 0.4 mm/h 
- Éxtreme event : 30 mm/h

SchematicSchematic diagramdiagram of the infiltration of the infiltration 
columncolumn apparatusapparatus : : rainfall simulatorrainfall simulator

Rubber

Needles

Fixed part
Secondary
supply

Connection between
the body of the mobile 
rainfall simulator and 
the fixed secondary supply

Body of the rainfall
simulator : main supply

Mobile support



Methodology : soil monolithsMethodology : soil monoliths

Initial saturationInitial saturation
5 5 pluviometricpluviometric intensitiesintensities
-- 0,4 mm/h0,4 mm/h
-- 2 mm/h2 mm/h
-- 5 mm/h5 mm/h
-- 10 mm/h10 mm/h
-- 30 mm/h30 mm/h

Initial drainageInitial drainage

For For eacheach pluviometricpluviometric intensityintensity
-- A A fleetingfleeting eventevent
-- A A prolongedprolonged eventevent
-- Succession of Succession of eventsevents

Long Long durationduration drainagedrainage

RepresentativeRepresentative weeklyweekly hyetogramhyetogram
(July and August 2006 (July and August 2006 –– 2007)2007)

SchematicSchematic diagramdiagram of of 
the infiltration the infiltration 

columncolumn apparatusapparatus : 
Artificial hyetogram
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SimulatedSimulated hydrogramhydrogram

SimulatedSimulated hydrogramhydrogram



Methodology : soil monolithsMethodology : soil monoliths

Ra
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Ra
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sim
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at
or

sim
ul

at
or

Q3

Q1 > Q3

Q2
Motor

Constant Constant levellevel
water tanks :water tanks :
watertablewatertable

stabilizationstabilization

PluviometerPluviometer forfor
Percolation collectionPercolation collection RunoffRunoff collectioncollection

Schematic diagram of the 
infiltration column apparatus :
Illustration of water connection 
devices (with the peat column)



Methodology : soil monolithsMethodology : soil monoliths

Ra
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Ra
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sim
ul

at
or

sim
ul

at
or

Q3

Q1 > Q3

Q2
Motor

Multiplexer

Pulse generator
“TDR100”

Computer

Datalogger
“CR1000”

Multiplexer

S
up

pl
y

S
up

pl
y

TDR probesTDR probes
TensiometersTensiometers

PotentiometerPotentiometer

coaxial coaxial wireswires

Control system :Control system :
data data receptionreception and and 

program modificationprogram modification

Schematic diagram of the 
infiltration column apparatus :
Electronic and computing 
connections

SoilSoil 11
BogBog

SoilSoil 22
BogBog peripheryperiphery

SoilSoil 33
StrongStrong slopeslope

SoilSoil 44
Plateau borderPlateau border

SoilSoil 55
Middle of plateauMiddle of plateau

Location of pedological
interfaces :

hydrological
characterization



ModellingModelling

Modelling applied to boreal soil columns

Objectives

Understand, reproduce and model hydrodynamic behaviorUnderstand, reproduce and model hydrodynamic behavior
-- FindFind equationsequations for : I, E, ET, R, D, for : I, E, ET, R, D, ΔΔStorageStorage

-- SeveralSeveral curvescurves θθ(h) et K((h) et K(θθ) ) willwill bebe testedtested

Test, adapt and validate a model for boreal soilsTest, adapt and validate a model for boreal soils

-- Estimate the predominance of all Estimate the predominance of all physicophysico--hydrous properties in these processeshydrous properties in these processes

-- SeveralSeveral flow flow equationsequations willwill bebe testedtested

Methodology : soil monolithsMethodology : soil monoliths



CATHYCATHY

DelimitationDelimitation
and and discretizationdiscretization

PhysicoPhysico--hydroushydrous
propertiesproperties
allocationallocation

Simulations (estimated flows are fitted to the 
observed flows)

ModellingModelling
Modelling approach

Digitized
columns

SystemSystem
limitslimits

FlowFlow
equationsequations



Ex : Ex : SoilSoil 1 in the middle of the 1 in the middle of the bogbog

0,45 m
0,45 m

0,80 m

1/ 1/ DefineDefine the system (section and the system (section and depthdepth))

22--2/ horizontal (triangles)2/ horizontal (triangles)
22--1/ vertical1/ vertical

22--3/ 21000 3/ 21000 cellscells and 11000 and 11000 nodesnodes

Surface fine Surface fine meshingmeshing ::

Spatial delimitation and discretization

2/ 2/ DiscretizationDiscretization : : FiniteFinite elementselements methodmethod

Laboratory column Digitalized column

81 81 levelslevels (one surface (one surface everyevery centimetercentimeter))-- Good interactions Good interactions betweenbetween eacheach groundwatergroundwater levelslevels
-- PrecisionPrecision of h, of h, θθ et K profiles et K profiles comparisonscomparisons withwith equivalentequivalent depthsdepths

on on laboratorylaboratory columncolumn

-- RegularRegular and and homogeneoushomogeneous partitionmentpartitionment P P R + IR + I

ModellingModelling

15 cm Alive mosses

25 to 30 cm Acrotelm (Of)

25 to 45 cm Catotelm (Of) 

Z = 0 cm

Z = 25 - 30 cm

Z = 45-50 cm
45 to 95 cm Catotelm (Om) 



ModellingModelling
Configuration
-- Allocation of Allocation of physicalphysical and and hydrologicalhydrological propertiesproperties in in everyevery discretizeddiscretized cellscells

-- Reconstruction of Reconstruction of pedologicalpedological horizons horizons Several scenarios are testedSeveral scenarios are tested

KsKs ((KvsKvs, , KhsKhs), K(), K(θθ), ), θθ(h), (h), øø((θθ), Ss(), Ss(θθ) et ) et σσ((θθ) ) 

-- SeveralSeveral equationsequations θθ(h) and K((h) and K(θθ), ), specificspecific or not, or not, couldcould bebe includedincluded in flow in flow equationequation: : 
RawRaw state datastate data
FittedFitted curvescurves withwith VGM model (VGM model (Van Van GenuchtenGenuchten and al., 1991and al., 1991))
SpecificSpecific PTFPTF
NoNo--specificspecific PTFPTF



HomogenousHomogenous
mesicmesic peatpeat

FibricFibric peatpeat
((AcrotelmAcrotelm) ) 

underunder
mesicmesic peatpeat
((CatotelmCatotelm))

HomogenousHomogenous
Moss Moss blanketblanket

Dead moss Dead moss 
and and 

live moss live moss 
layerslayers

Real Real 
horizon horizon 
thicknessthickness

K( )θ 1

Ks1

Ø1

    θ(h)1

K( )θ 1

Ks1

Ø1

    θ(h)1

K( )θ 2

Ks2

Ø2

   θ(h)2

K( )θ 1

Ks1

Ø1

  θ(h)1

K( )θ 2

Ks2

Ø2

  θ(h)2

K( )θ 3

Ks3

Ø3

  θ(h)3
K( )θ 5

Ks5 θ(h) 5

K( )θ 4

Ks4 θ(h) 4

K( )θ 2

Ks2
θ(h) 2

K( )θ 1

Ks1

Ø1

θ(h) 1

Ø4

Ø5

Ø2

K( )θ 2

Ks2
θ(h) 2

K( )θ 1

Ks1 Ø1

θ(h) 1

Ø2

Simulations

ModellingModelling

ComplexityComplexity and and realismrealism increaseincrease



Flow equations

Richards Richards equationequation

[ ] qzhSKK
t
hS wrsw ++∇∇=
∂
∂ )(*)(*)(σ

WhereWhere
hh [L]; [L]; σσ isis total total storagestorage coefficient [1/L] ; coefficient [1/L] ; SwSw isis saturation rate = saturation rate = θθ//θθs ; s ; θθ and and θθs [Ls [L33/L/L33] ; ] ; SsSs isis specificspecific storagestorage coefficient [1/L] ; coefficient [1/L] ; 

øø isis porosityporosity (= (= θθs s whenwhen swellingswelling//shrinkageshrinkage isis not not consideredconsidered) ; t ) ; t isis time [T]; time [T]; KsKs representsrepresents saturation saturation hydraulichydraulic conductivityconductivity [L/T]; [L/T]; 
KrKr isis relative relative hydraulichydraulic conductivityconductivity (= K/(= K/KsKs) ; ) ; zz isis a a vectorvector ((coordinatescoordinates x = 0 ; y and z = 1 (positive x = 0 ; y and z = 1 (positive upwardupward direction) [L] ; direction) [L] ; 

qq representsrepresents sinkingsinking flux (water flux (water takentaken up by up by rootsroots) or ) or supplyingsupplying flux [L3/L3T], flux [L3/L3T], (Paniconi and Putti, 1994)(Paniconi and Putti, 1994)

HydrologicalHydrological behaviorbehavior simulation by simulation by takingtaking accountaccount of Ss in of Ss in σσ equationequation

ModifiedModified Richards Richards equationequation

ModellingModelling

WithWith
h

Sw
∂
∂

=φσ

SsSw
h

Sw *+
∂
∂

=φσ

Variation of Variation of environmentenvironment compressibilitycompressibility withwith water content :water content :
DependentDependent on on SwellingSwelling//shrinkageshrinkage curvecurve

WithWith



ConclusionConclusion

ComparisonComparison/Validation/Validation
DifferencesDifferences withwith regard to regard to obvseredobvsered hydrologicalhydrological behaviorsbehaviors

SpatioSpatio--temporaltemporal variation of variation of 
hydrologicalhydrological propertiesproperties

(K, h, (K, h, θθ, flux) , flux) 
accordingaccording to to precipitationprecipitation regimeregime

Rise and Rise and drawdowndrawdown
watertablewatertable speed speed 

accordingaccording to P, E et to P, E et SSinitialinitial

hhsurfacesurface((zwzw) ) σσ = f(= f(θθ, Ss), Ss)

Location/quantification of Location/quantification of 
RRsurfacesurface et et RRsubsub--surfacesurface

((accordingaccording to to θθ, K, and P), K, and P)

PedologicalPedological interfaces and interfaces and blanketsblankets effectseffects on on 
I, E(I, E(zwzw), ET(), ET(zwzw), ), RRsurfacesurface et et RRsubsub--surfacesurface, , 
deepdeep drainage and drainage and groundwatergroundwater recharge recharge 

Migration speed of Migration speed of 
the the imbibitingimbibiting and and 
percolatingpercolating frontsfronts

h and h and θθ
profilesprofiles

Relation Relation betweenbetween "" I I " " and and 
"" ImbibitingImbibiting front front depthdepth ""

InstantaneousInstantaneous/local/global /local/global 
water balancewater balance

ΔΔ(I, R, D) = f(P, (I, R, D) = f(P, θθinitial)initial)

CATHY model CATHY model performenceperformence ? ? 

ModellingModelling

ConceptualizationConceptualization



ConclusionConclusion

FromFrom the the succession of scenarios succession of scenarios identifyidentify: : 
-- WhatWhat isis the minimum the minimum complexitycomplexity levellevel ??
-- WhatWhat isis the relative importance of the relative importance of eacheach physicophysico--hydroushydrous propertyproperty ? ? 

(i) To (i) To improveimprove the the modellingmodelling of of soilsoil water water dynamicsdynamics of of borealboreal soilssoils
(ii) To (ii) To betterbetter model the model the hydrologicalhydrological cycle cycle atat the the scalescale of of borealboreal watershedswatersheds

CATHY CATHY applicabilityapplicability and and robustnessrobustness ? ? SoilSoil types ? types ? AdjustmentsAdjustments ??

θθ(h) and K((h) and K(θθ) ) specificspecific calibration ?calibration ?

DifferentiationDifferentiation of of variousvarious blanketblanket types influences ontypes influences on E, ET and I ?E, ET and I ?

ExampleExample : : hysteresishysteresis, horizon , horizon thicknessthickness .. ?.. ?

WhichWhich are the real input data are the real input data requirementsrequirements ? ? 
WeWe needneed to to determinedetermine::

This This procedureprocedure has to has to allowallow ::



End End 
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