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ModelsModels & & thethe implementationimplementation ofof thethe WFDWFD

WFD : WFD : 
•• What are the effects of driving forces What are the effects of driving forces 

and pressures ?and pressures ?
•• What is the impact ?What is the impact ?
•• What is the risk What is the risk 

of not achieving the good status ?of not achieving the good status ?



SomeSome utilisations utilisations ofof thethe PEGASE PEGASE modelmodel
in in thethe scope scope ofof thethe implementationimplementation ofof thethe WFDWFD
realized by / in collaboration with  > 8 Water Agencies realized by / in collaboration with  > 8 Water Agencies 

•• Ministry of Environment, Ministry of Environment, RRéégiongion wallonnewallonne, Belgium, Belgium
•• Flanders Environment Agency, BelgiumFlanders Environment Agency, Belgium
•• RhinRhin--MeuseMeuse Water Agency, FranceWater Agency, France
•• ArtoisArtois--PicardiePicardie Water Agency, FranceWater Agency, France
•• LoireLoire--Bretagne Water Agency, FranceBretagne Water Agency, France
•• AdourAdour--GaronneGaronne Water Agency, FranceWater Agency, France
•• Water Administration, Water Administration, LuxemburgLuxemburg
•• Saarland & RhineSaarland & Rhine--Palatine Palatine 

Environment Agencies, GermanyEnvironment Agencies, Germany
•• several local Water Authoritiesseveral local Water Authorities
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LOIRE-BRETAGNE

ADOUR-GARONNE 

RHIN-MEUSE 

MOSELLE-
SARRE 

SomeSome utilisations utilisations ofof thethe PEGASE PEGASE modelmodel
in in thethe scope scope ofof thethe implementationimplementation ofof thethe WFDWFD



TheThe PEGASE PEGASE modelmodel
PEGASE = PEGASE = PPlanification lanification EEt t GGestion de lestion de l’’ASASsainissement des sainissement des EEauxaux

InputsInputs Outputs / Outputs / resultsresults

Basins Basins 
Land useLand use

HydrographicHydrographic
networknetwork

HydroHydro--meteometeo

DrivingDriving forces /forces /
PressuresPressures

PollutantPollutant loadsloads toto
the river networkthe river network

River River flowflow & & velocveloc. . 
WaterWater temperaturetemperature

BiomassesBiomasses
EcosystemEcosystem activityactivity

WaterWater qualityquality
Fluxes Fluxes 

PEGASEPEGASE
modelmodel



Input data : Input data : geogeo-- & & hydrologicalhydrological referentialreferential
•• DTM, land use, river network DTM, land use, river network 
•• SelectionSelection of of riversrivers thatthat are are includedincluded explicitelyexplicitely in the modelin the model







Input data : point dischargesInput data : point discharges
•• Domestic loads (population) + industrial dischargesDomestic loads (population) + industrial discharges

•• Connections to sewer systems and purification plantsConnections to sewer systems and purification plants

Domestic loads Industrial discharges

Rate of connection 

Yield Fluxes to the rivers

Population

Fluxes in the 
sewer system

Source : Agence de l’Eau Rhin-Meuse



Diffuse Diffuse loadsloads :: calculationcalculation ofof ::

•• Diffuse Diffuse loadsloads fromfrom soilssoils : : statisticalstatistical functionsfunctions ((emissionemission factorsfactors))
dependingdepending on on soilsoil type type andand land use (land use (forestforest, , meadowmeadow, culture), culture)

•• Direct Direct loadsloads fromfrom rearingrearing (bovine, porcine, (bovine, porcine, …… populations)populations)

Direct loads from rearing
Diffuse loads from soils

(forests, meadows, cultures)

Farms that fulfill
regulations

Transfert 
rate 

Transfert 
rate

Corine Land Cover

Input function

Specific flow

Source : Agence de l’Eau Rhin-Meuse



Diffuse Diffuse loadsloads

Source : AERMSource : AERM



PEGASE : calculations PEGASE : calculations 

•• Calculation of the loads and discharges Calculation of the loads and discharges 
to the river networkto the river network

•• Calculation of the hydrological / hydraulic variablesCalculation of the hydrological / hydraulic variables

•• Calculation of ecosystem and water quality variables :Calculation of ecosystem and water quality variables :
The processes that are included are :The processes that are included are :
. . PhysicoPhysico--chemical processeschemical processes
. Primary production : . Primary production : phytoplanctonphytoplancton, , phytobenthosphytobenthos
. Grazing : . Grazing : zooplanctonzooplancton
. Organic matter degradation by bacteria. Organic matter degradation by bacteria

((planctonicplanctonic, , biofilmbiofilm, benthic), benthic)
. Nitrification, . Nitrification, denitrificationdenitrification
. Oxygen productions and consumptions. Oxygen productions and consumptions
. Nutrient cycling processes. Nutrient cycling processes



PEGASE : results PEGASE : results 

NonNon--stationnarystationnary (dynamic) simulation of :(dynamic) simulation of :

•• Flows, depths, velocities, Flows, depths, velocities, …… in the river network  (in the river network  (∆∆ x ~ 300 m)x ~ 300 m)

•• Ecosystem and water quality variables (Ecosystem and water quality variables (daily / hourlydaily / hourly) :) :
. Biomasses . Biomasses 
. Concentrations (BOD, COD, DOC, POC, N, P, . Concentrations (BOD, COD, DOC, POC, N, P, D.OxygenD.Oxygen, , …… ))
. Fluxes. Fluxes

•• Quality indexes (Quality indexes (SeqSeq--EauEau) : scale 1 ) : scale 1 -- 100100
5 levels 5 levels 

•• Results : profiles (in spaceResults : profiles (in space)), evolutions (in time), maps, tables, evolutions (in time), maps, tables

The results can be calculated for each of the surface water bodiThe results can be calculated for each of the surface water bodieses

good very good



1)1) IMPLEMENTATION of the model in a basin (district)IMPLEMENTATION of the model in a basin (district)
Main characteristic of PEGASE : input = Main characteristic of PEGASE : input = ‘‘classicalclassical’’ datadata

2)2) VALIDATION of the model : simulation of past/present situationsVALIDATION of the model : simulation of past/present situations
Main characteristic of PEGASE :Main characteristic of PEGASE :
very few or very few or NO calibration neededNO calibration needed (all processes are already calibrated)(all processes are already calibrated)
calibration needed only for emission functions of diffuse loacalibration needed only for emission functions of diffuse loadsds

3)3) PRESSURE / IMPACT ANALYSIS (Art. 5 analysis)PRESSURE / IMPACT ANALYSIS (Art. 5 analysis)
Assessment of the impacts of domestic, industrial, diffuse loadsAssessment of the impacts of domestic, industrial, diffuse loads

4)4) SIMULATION OF SCENARIOSIMULATION OF SCENARIO’’S  (2015 scenarioS  (2015 scenario’’s)s)
Assessment of the Assessment of the RISKRISK of failing to meet the GOOD STATUSof failing to meet the GOOD STATUS

5)5) SIMULATION OF ADDITIONAL MEASURES SIMULATION OF ADDITIONAL MEASURES 
=> preparation of the River Basin Management Plans (2009)=> preparation of the River Basin Management Plans (2009)
=> support for the public participation / consultation=> support for the public participation / consultation

6)6) SUPPORT for the DESIGN of the MONITORING NETWORKSSUPPORT for the DESIGN of the MONITORING NETWORKS

PEGASE : PEGASE : utilisation in the scope of the WFDutilisation in the scope of the WFD
THE SUCCESSIVE STEPS :THE SUCCESSIVE STEPS :



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

Biomasse du phytoplancton (Meuse)



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

MEUSE Liege & Vise – Year 2002 : 
Comparison
OBSERVED vs CALCULATED values
of Dissolved Oxygen concentrations
(mg O2 / l)
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PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

MEUSE Liege – Year 2002 : 
Comparison
OBSERVED vs CALCULATED values
SEQ-EAU INDEXES 

SEQ-Eau NIT Meuse aval y = 1,056x
R2 = 0,5608
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Histogramme de fréquence par classes (10) en PO4 - bassin Meuse
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PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

CALCULATED OBSERVED

MEUSE basin in Wallonia : PO4 concentrations  - Year 2002



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

Histogramme de fréquence par classes (10) en MP - bassin Meuse
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MEUSE basin in Wallonia : PHOSPHORUS quality index  - Year 2002



PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

PEGASE : PEGASE : RRéégiongion wallonnewallonne
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS
MEUSE basin in Wallonia : cumulative distribution of PO4 concentrations  
(calculated + observed) - Year 2002

Fréquences cumulées par classes pour PO4 - Bassin Meuse
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J. SMITZ - EUREAU WFD Workshop, Liège, October 14th, 2004

PEGASE : PEGASE : utilisation in the scope of the WFDutilisation in the scope of the WFD
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

Source : DGRNE

Limit of the good status



PEGASE : PEGASE : utilisation in the scope of the WFDutilisation in the scope of the WFD
VALIDATION : SIMULATION OF PAST / PRESENT SITUATIONSVALIDATION : SIMULATION OF PAST / PRESENT SITUATIONS

Source : DGRNE



PEGASE : PEGASE : utilisation in the scope of the WFDutilisation in the scope of the WFD
ANALYSIS OF PRESSURE / IMPACT RELATIONS ANALYSIS OF PRESSURE / IMPACT RELATIONS 

Source : DGRNE

= impact of domestic load on Phos quality index 



PEGASE : PEGASE : utilisation in the scope of the WFDutilisation in the scope of the WFD
SIMULATION OF 2015 SCENARIOSIMULATION OF 2015 SCENARIO’’S / ASSESSMENT OF THE RISKS / ASSESSMENT OF THE RISK

Present situation (2002) 

Predicted situation for 2015 : Q.Index is <  60
=> AT RISK

Limit of the good status

Nitrate quality index



PEGASE : PEGASE : utilisation in the scope of the WFDutilisation in the scope of the WFD
SIMULATION OF 2015 SCENARIOSIMULATION OF 2015 SCENARIO’’S / ASSESSMENT OF THE RISKS / ASSESSMENT OF THE RISK

Present situation (2002) 

Predicted situation for 2015 : Q.Index is > 60
=> NOT AT RISK

Source : DGRNE



PEGASE  PEGASE  
For international For international 
basins / districts :basins / districts :

The The 
MOSELMOSEL--SAARSAAR
BasinBasin

AgenceAgence de de ll’’eaueau RhinRhin--MeuseMeuse
Land Land RhenanieRhenanie--PalatinatPalatinat
Land Land SaarSaar
LuxemburgLuxemburg
WalloniaWallonia



PEGASE PEGASE for international basins / districts :for international basins / districts :

The MOSELThe MOSEL--SAAR BasinSAAR Basin



PEGASE PEGASE for international basins / districts :for international basins / districts :

The MOSELThe MOSEL--SAAR BasinSAAR Basin



PEGASE PEGASE for international basins / districts :for international basins / districts :

The MOSELThe MOSEL--SAAR BasinSAAR Basin



PEGASE PEGASE for international basins / districts :for international basins / districts :

The SCHELDT Basin (F + W + VL + BR)The SCHELDT Basin (F + W + VL + BR)

20.020 km²

858 rivers

Total length :
8.702 km



PEGASE PEGASE for international basins / districts :for international basins / districts :

The SCHELDT Basin (F + W + VL + BR)The SCHELDT Basin (F + W + VL + BR)



PEGASE PEGASE for for 
international basins / international basins / 
districts :districts :

The MEUSE BasinThe MEUSE Basin
(F + W + VL (F + W + VL 
+ + …….. ? ).. ? )



PEGASE  PEGASE  
in the cooperation POLAND in the cooperation POLAND –– FRANCE :FRANCE :
The UPPER VISTULA basinThe UPPER VISTULA basin

REGIONALNYREGIONALNY
ZARZZARZĄĄDD
GOSPODARKIGOSPODARKI
WODNEJWODNEJ
W KRAKOWIEW KRAKOWIE

REGIONALNYREGIONALNY
ZARZZARZĄĄDD
GOSPODARKIGOSPODARKI
WODNEJWODNEJ
W GLIWICACHW GLIWICACH

Zb. Goczałkowice

Zb. Tresna

Zb. Dobczyce

Zb. Świnna Poręba

Zb. Łąka

Zb. Dziećkowice

Zb. Kozłowa Góra

Zb. Porąbka

Zb. Przeczyce

Zb. Pogoria III

Zb. Czaniec

Zb. Chechło
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In the scope of the PIRENE programme  : In the scope of the PIRENE programme  : 
new developments : new developments : 
1)1) Modelling of the microModelling of the micro--pollutant concentrationspollutant concentrations

-- DomesticDomestic dischargesdischarges : : EqEq--InHabInHab µµPP
-- IndustrialIndustrial dischargesdischarges : : inventoryinventory ofof dischargesdischarges
-- Direct Direct dischargedischarge by by thethe bovines / porcinesbovines / porcines
-- Diffuse Diffuse loadload fromfrom thethe soilsoil : : emissionemission factorsfactors

-- CalculationCalculation ofof concentrations in concentrations in thethe waterwater columncolumn ::
-- in in thethe dissolveddissolved phase (phase (waterwater))
-- in in thethe particulateparticulate phase (phase (solidsolid particlesparticles))

-- CalculationCalculation ofof sedimentationsedimentation processesprocesses
-- CalculationCalculation ofof adsorption / dadsorption / déésorption sorption processesprocesses waterwater solidsolid particlesparticles

Tests have Tests have beenbeen mademade for : for : CdCd, , CuCu, , ZnZn, Pb, Pb

CrCr, Ni, As, Hg, Ni, As, Hg

P I R E N E



Concentration of µPollutants in the SAMBRE river – Year 2002

Zn Pb

CuCd



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes)(biological indexes)

Step 1 : assessment of the Step 1 : assessment of the hydromorphologicalhydromorphological quality quality 
((ULgULg--ArlonArlon))

QUALQUAL--PHYPHY
qualityquality
indexesindexes

(AERM)(AERM)

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes)(biological indexes)

Step 2 : statistical subStep 2 : statistical sub--models models (multiple (multiple linearlinear regressionsregressions))

DIATOM INDEX : DIATOM INDEX : 
IPSIPS = F (MOOX, MAZ, NIT, = F (MOOX, MAZ, NIT, MPhosMPhos, , QPhys_fondQPhys_fond))

test W : R2 test W : R2 > 0.80> 0.80
MACROMACRO--INVERTEBRATES INDEX :INVERTEBRATES INDEX :

IBGNIBGN = F (MOOX, MAZ, NIT, MPHOS, = F (MOOX, MAZ, NIT, MPHOS, Qphys_fondQphys_fond))

test W : R2 test W : R2 > 0.92> 0.92

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 
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PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 

P I R E N E



PEGASE  : recent developmentsPEGASE  : recent developments
2) Modelling of 2) Modelling of biological qualitybiological quality (biological indexes) (biological indexes) 

IPS calculé
2015
2008
2000
1992

P I R E N E



PIRENE programme  PIRENE programme  (2000 (2000 –– 2005)2005)

Full integrated modelling Full integrated modelling 
in the perspective of the WFDin the perspective of the WFD

•• + Explicit (deterministic) modelling of SOILS+ Explicit (deterministic) modelling of SOILS

•• + Explicit (deterministic) modelling of GROUNDWATER+ Explicit (deterministic) modelling of GROUNDWATER

•• + Detailed (deterministic) modelling of the RIVER NETWORK+ Detailed (deterministic) modelling of the RIVER NETWORK
(incl. full hydrodynamic modelling)(incl. full hydrodynamic modelling)

P I R E N E



PIRENE programme : PIRENE programme : 
Full integrated modelling : Full integrated modelling : 
SOILS + GROUNDWATER + SURFACE WATERSSOILS + GROUNDWATER + SURFACE WATERS

SOUS-MODELE
SOLS (EPIC-

GRID)

SOUS-MODELE
EAUX

SOUTERRAINES

SOUS-MODELE
EAUX DE
SURFACE

Percolation
Ruissellement superficiel

Ecoulement hypodermique

SOIL sub-model (3-D)
(Epic-Grid) 

GROUNDWATER
sub-model (3-D) 

SURFACE WATERS  
sub-model 

Deep percolation

Runoff +
hypodermic flux

Processeur 2

Module
SOLS

Processeur 3

Module
Eaux

Souterraines Processeur 4

Module
Eaux de Surface

Processeur 1

Module
Superviseur

Multiproceseurs SP2 SGI ...
ou Monoprocesseur

Synchronisation

Communication
MPI

(FUSAGx)

(GEOMAC-ULg
+ HG – FPMs)

(HYD + CEME-ULg)



PIRENE programme : PIRENE programme : 
Results of the soil subResults of the soil sub--model (model (FUSAGxFUSAGx) : ) : 

Nitrate concentrations / bottom of the Non Saturated Zone
Averaged value – Period 1998 - 2000 

P I R E N E



PIRENE programme : PIRENE programme : Results of the integrated model :Results of the integrated model :
Daily fluxes of nitrates from the SOILS and GROUNDWATERDaily fluxes of nitrates from the SOILS and GROUNDWATER
to the SURFACE WATERS to the SURFACE WATERS 

Flux journaliers d'azote (Nitrates) apportés par les différents types d'écoulement dans le 
réseau hydrographique du BV de la SEMOIS à Membre (BV = 1318 km²) - Année 1993
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