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ImplementationImplementation ofof thethe
EuropeanEuropean WaterWater FrameworkFramework DirectiveDirective

Among the most important technical tasks :Among the most important technical tasks :

•• What are the What are the impactsimpacts
of the various pressures on the water system ?of the various pressures on the water system ?

•• What are the What are the most efficient actionsmost efficient actions ??

Generally, the pressureGenerally, the pressure--impact relationsimpact relations
can be determined :can be determined :
•• by expert judgment by expert judgment 
•• by MODELLINGby MODELLING
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ImplementationImplementation ofof thethe
EuropeanEuropean WaterWater FrameworkFramework DirectiveDirective

Pressure Pressure –– Impact relations : Impact relations : 

•• MODELLING is used for what can be easily modelled MODELLING is used for what can be easily modelled 
•• Expert judgment is used for the other variablesExpert judgment is used for the other variables

Advantages of using a MODEL :Advantages of using a MODEL :
•• better understanding of the systembetter understanding of the system
•• more precise assessmentsmore precise assessments
•• possibility to test various scenariopossibility to test various scenario’’ss
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TheThe PEGASE PEGASE modelmodel isis extensivelyextensively usedused to help to help 
implementingimplementing thethe WaterWater FrameworkFramework DirectiveDirective

The The PegasePegase model is an model is an integrated basin integrated basin –– river modelriver model

•• INPUT data : INPUT data : 
land useland use
river flows, river flows, 
pressures (pollution discharges, pressures (pollution discharges, …… ))

•• OUTPUT results :OUTPUT results :
biomassesbiomasses and and water quality variableswater quality variables
in the river system network in the river system network 
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TheThe PEGASE PEGASE modelmodel

InputInput Output / Output / 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



TheThe PEGASE PEGASE modelmodel : main : main characteristicscharacteristics

•• Integrated basin Integrated basin –– river network modelriver network model
•• Deterministic / NonDeterministic / Non--stationnarystationnary
•• Utilization of Utilization of ‘‘ common common ’’ input datainput data
•• Local AND basin scale visionsLocal AND basin scale visions
•• very few calibrationvery few calibration
•• Explicit calculation of biological activities :Explicit calculation of biological activities :

. . PhytoplanctonPhytoplancton (5 groups of species)(5 groups of species)

. Bacterial biomasses . Bacterial biomasses (degradation of organic matter)(degradation of organic matter)
•• Calculation of biological quality indexesCalculation of biological quality indexes

(benthic diatoms, benthic (benthic diatoms, benthic macroinvertebratesmacroinvertebrates))
•• Calculation of microCalculation of micro--pollutant concentrationspollutant concentrations
•• Cost Cost –– effectivenesseffectiveness calculationscalculations



TheThe PEGASE PEGASE modelmodel :   :   local AND basin local AND basin scalescale visions visions 



TheThe PEGASE PEGASE modelmodel : : phytoplancton phytoplancton biomassbiomass



TheThe PEGASE PEGASE modelmodel : : micropollutantsmicropollutants

Zn Pb

CuCd



1)1) IMPLEMENTATION of the model in a river basin IMPLEMENTATION of the model in a river basin 

2)2) VALIDATION of the model : simulation of past/present situationsVALIDATION of the model : simulation of past/present situations
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 coefficients of diffuse calibration needed only for emission coefficients of diffuse loadsloads

3)3) PRESSURE / IMPACT ANALYSISPRESSURE / IMPACT 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 BASIC / ADDITIONAL MEASURES SIMULATION OF BASIC / ADDITIONAL MEASURES 
+ COST + COST –– EFFECTIVENESS ANALYSISEFFECTIVENESS ANALYSIS

preparation of the River Basin Management Plans (2009)preparation of the River Basin Management Plans (2009)
support for the public participation / consultationsupport 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 utilisation in the scope of the 
European Water Framework DirectiveEuropean Water Framework Directive



PEGASE : PEGASE : 
SIMULATION OF 2015 SCENARIOSIMULATION OF 2015 SCENARIO’’S / ASSESSMENT OF THE RISKS / ASSESSMENT OF THE RISK

Present situation (2005) 

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

Limit of the good status

Nitrate quality index



PEGASE : PEGASE : COST COST –– EFFECTIVENESS ANALYSISEFFECTIVENESS ANALYSIS
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TheThe PEGASE PEGASE modelmodel
isis usedused presentlypresently on a on a regularregular basis by / for :basis by / for :

•• Ministry of Environment, Ministry of Environment, RRéégiongion wallonnewallonne, Belgium, Belgium
•• Flanders Environment Agency, Flanders, BelgiumFlanders Environment Agency, Flanders, Belgium
•• RhineRhine--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, LuxemburgWater Administration, Luxemburg
•• Saarland & RhineSaarland & Rhine--Palatine Palatine 

Environment Agencies, GermanyEnvironment Agencies, Germany
•• GliwiceGliwice and Krakow Water Agencies,and Krakow Water Agencies,

PolandPoland
•• several local Water Authoritiesseveral local Water Authorities
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SCHELDT SCHELDT 

LOIRELOIRE--BRETAGNEBRETAGNE

ADOURADOUR--GARONNE GARONNE 

RHINERHINE--MEUSE MEUSE 

MOSELMOSEL--
SAAR SAAR 

UpperUpper WISLA WISLA 

TheThe PEGASE PEGASE modelmodel
isis usedused on a on a regularregular basis for basis for severalseveral EuropeanEuropean basins :basins :

3rd International 3rd International YellowYellow River Forum, River Forum, DongyingDongying, China,  2007, China,  2007



ADOUR-GARONNE
River basin (France)
120.000 km2



COORDINATION of the European WaterCOORDINATION of the European Water
Framework Directive within international basinsFramework Directive within international basins

In the international basins, In the international basins, 
the European Water Framework Directive requires :the European Water Framework Directive requires :
•• an international coordinationan international coordination
•• a single management plana single management plan

but it is still quite difficult to assess : but it is still quite difficult to assess : 
•• the the transboundarytransboundary effects  effects  
•• the basinthe basin--scale effectsscale effects

It remains difficult to ensure the internationalIt remains difficult to ensure the international
coordination on sound basis coordination on sound basis 
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MODELLLING water quality MODELLLING water quality 
in international basins for the WFDin international basins for the WFD

In order to support the In order to support the coordinationcoordination of the of the 
implementation of the Water Framework Directive,implementation of the Water Framework Directive,
the model has been used (up to now) the model has been used (up to now) 
for 3 European international basins :for 3 European international basins :

•• the MOSELthe MOSEL--SAAR river basin SAAR river basin 
•• the MEUSE river basinthe MEUSE river basin
•• the SCHELDT river basin  the SCHELDT river basin  
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The MOSELThe MOSEL--SAARSAAR
river Basinriver Basin
(29.000 km2)(29.000 km2)

5 Partners :5 Partners :

FRANCE : FRANCE : 
•• RhineRhine--MeuseMeuse Water AgencyWater Agency

GERMANYGERMANY
•• Land RhineLand Rhine--PalatinePalatine
•• Land Land SaarSaar

LUXEMBURGLUXEMBURG

BELGIUMBELGIUM
•• Region Region WallonneWallonne



The SCHELDT river Basin  The SCHELDT river Basin  (21.000 km2)(21.000 km2)

5 Partners :5 Partners :

FRANCE : FRANCE : 
•• ArtoisArtois--PicardiePicardie

Water AgencyWater Agency

BELGIUMBELGIUM
•• FlandersFlanders
•• RegionRegion

WallonneWallonne
•• BrusselsBrussels

THE THE 
NETHERLANDSNETHERLANDS



The MEUSE riverThe MEUSE river
Basin  Basin  (32.000 km2)(32.000 km2)

6 Partners :6 Partners :

FRANCE : FRANCE : 
•• RhineRhine--MeuseMeuse

Water AgencyWater Agency

LUXEMBURGLUXEMBURG

BELGIUMBELGIUM
•• RegionRegion

WallonneWallonne
•• FlandersFlanders

GERMANYGERMANY
•• Land Land NordrheinNordrhein--

WestfalenWestfalen

THE THE 
NETHERLANDSNETHERLANDS



MODELLLING the water quality MODELLLING the water quality 
in international basins for the WFDin international basins for the WFD

Some generic difficulties have to be solved Some generic difficulties have to be solved 
in the scope of in the scope of transnationaltransnational modelling :modelling :

e.g. each country (each partner) utilizes its own :e.g. each country (each partner) utilizes its own :
•• system of coordinatessystem of coordinates
•• digital terrain model / gridsdigital terrain model / grids
•• list of parameters for pollution dischargeslist of parameters for pollution discharges
•• ……
and all these data have to be made compatibleand all these data have to be made compatible

But some specific modellingBut some specific modelling--related difficulties related difficulties 
have also to be resolvedhave also to be resolved
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MODELLLING the water quality MODELLLING the water quality 
in international basins for the WFD in international basins for the WFD 

The general principles adopted for the approach are : The general principles adopted for the approach are : 

1) Each partner remains owner of his data1) Each partner remains owner of his data

2) Each partner can do simulations 2) Each partner can do simulations alonealone
but modifying his own data onlybut modifying his own data only

3) Each 3) Each transnationaltransnational coco--ordinated simulationordinated simulation
needs a preliminary agreement between theneeds a preliminary agreement between the
partners about the partners about the scenario(sscenario(s) to be modelled) to be modelled

4) The results of the 4) The results of the transnationaltransnational modelling modelling 
are made available to each partner are made available to each partner 
for the whole basinfor the whole basin
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MODELLLING the water quality MODELLLING the water quality 
in international basins : example of resultsin international basins : example of results

YearYear 20002000
YearYear 20152015



MODELLLING the water quality MODELLLING the water quality 
in international basins : example of resultsin international basins : example of results
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Averaged yearly fluxes 
of phosphorus at the
outlet of the international 
Scheldt river basin
Year 2015 scenario vs
reference Year 2000

(= cumulative effect of
the basic measures of
the partners)
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MODELLLING the water quality MODELLLING the water quality 
in international basins : CONCLUSIONSin international basins : CONCLUSIONS

TransnationalTransnational modelling modelling exercicesexercices in order to coin order to co--
ordinate the European Water Framework Directiveordinate the European Water Framework Directive
in international districts :in international districts :
-- are POSSIBLEare POSSIBLE
-- are very USEFUL  (necessary ?)are very USEFUL  (necessary ?)

What is realized today :What is realized today :
transnationaltransnational simulations simulations 
of BASIC and ADDITIONAL measures scenariosof BASIC and ADDITIONAL measures scenarios

What is What is NOTNOT realized today :realized today :
transnationaltransnational COST COST –– EFFECTIVENESS analysisEFFECTIVENESS analysis
(which are still done at national / regional level) (which are still done at national / regional level) 



MODELLLING the water quality MODELLLING the water quality 
in international basins : CONCLUSIONSin international basins : CONCLUSIONS

Key points for success :Key points for success :

1)1) Confidence between the partnersConfidence between the partners

2) Availability of an 2) Availability of an ‘‘independentindependent’’ scientific team to scientific team to 
implement / validate / run the modelimplement / validate / run the model

3) Before the start of the process : a common 3) Before the start of the process : a common 
agreement on the rules of the gameagreement on the rules of the game
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