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Abstract:[The[Danubelis[the[second[largest[tiver of[ Europe, and[its_ catchment[covers
substantial [parts (0f(13 [European(countries. [The[river(discharges [into [the Black [Sea, whichlis[a
water [body [extremely [Sensitivefoléutrophication problems. MismanagementlofThutrients [in
the[Danube[Basinhasled[to[Severe ecological [problems, bothlin[the[¢atchmentand[in the
receiving marine[waters. [(Inthe[1990s, the Danube [Rivermutrient Toads have [decreased, [partly
dueltolthelcollapseloflthelcentral "and[eastern Europeaneconomiesfollowing[1989.[The
project“NutrienttManagement (in (the [Danube Basin and its Impacton the Black [Sea” (EU 5"
Framework [ Programme,acronym daNUbs,[200112004)aims[atdeveloping[scientifically
sound[tecommendationsfor mutrientMmanagementlin[the DanubeRiverBasin.[A mumber[of
scenarios [for[the future[development[0fthe mutrientémissions/and theMDanubeRiver mutrient
loads[playlakey(tolelin daNUbs.[Thelpresentpaper describes(theselscenariosand formulates
thelconclusions(towards [the [future niutrientmanagement. [The key (Conclusions(arethat[therelis
alSubstantial [Wisk forthe Tiver mutrientToads [folincrease dgainupfo pre1989 Tevels, Dutthat
this(risk [Gan[bemitigated by [d[soundénvironmental policy,in Which[adequatecontrol [6f[Point
sources [i§[the most/important(element.

Introduction

The[Danubelis oneloflthellargeltivers flowinglinto the[Black[Sea.[Thelcatchment hasla
population[ofT82Million, Which[is[43 % [ofTthe fotal [population Withinthe Black [Seabasin.
The Danube is dbout 2900 km(long, [and its[catchment of just over 800,000 km*icovers33 (%
oflthe[BlackSealbasin. [It[is[thesecond largest(tiver basin on[European(territory[(after(the
Volga).[Its average!discharge of about 6500 m?/s, [ ¢ontributes about(55%/tothe[freshwater
dischargeofl the[ Black[Sea. The Danubepresents anlextreme[case ofl altransboundary
catchment,overing 18 [different(states. Riverbasinthanagement(is further[domplicated by the
presence oflJextremel[ |(for[ [European(standards)[socioléconomic[Igradients[ lin[Ithe[ basin.
International [doloperation [in Water thanagement(issues[dates Back [fotheldarly [1990s.In 1998
the[DanubeRiver[Protection 'Convention J(DRPC)becamethevehiclefforJjoint[river
management, [withthe International (Commission[for[theProtection oflthe DanubelRiver
(ICPDR)!as(theloperational (body. All[Danubelcountries haveladopted the [European Water
Framework Directive "as[thellegislativeframework [forintegral “water management. TThe
ICPDRis[responsible(forthelihternational co[ordination[oflthis @ffort.

Mismanagement[ofmutrients[in [fhe MDanubeBasinlhasTed[foSeverelécological [problems: [the
deterioration[ofTgroundwater [tesources/dand [theléutrophicationlafltivers, Takesland especially
the[Black[Seal(Lancelotlet[al.[2002 "and[teferences!therein, [ van[Gils[etlal.[2004). These
problems(aredirectly [Telated tosocial fand[economiclissues({e.g.[drinking Swater[Supply,
tourismandfisheryCas[impactedsectors;agriculture, Thutrition, [industry "and Cwaste[water
managementlas[drivers).[Inlorder[to tecommend [ proper management[forprotection oflthe
water[$ystem[inltheDanube[Basin[andthe Black[Sea, anlinterdisciplinary[analysis oflthe
Danubel¢atchment, the[DanubeRiver[systemlandthe mixing[zonelof Danubeltiverfinlthe
North[Wwestern[Black[Sealheeds[tobelcarried[out. This[is thekey[objectiveloflthe[project
“Nutrientl Management [ in[the[ Danube Basin and[its Impact on[the[Black Sea” (EU[5™"
Framework Programme, Jacronym daNUbs,200172004). TheprojectmakesTuseJoflJan
integrated Suite[of[mathematicalmodels, [coveringlaTchainTofleffects” lincludingthe matural



and[socioléconomic[features oflthe basin,[the tesulting[hutrient[eémissions tolthe surface
waters,[in[streamtransformation,[storage[andlosses, conveyance bf nutrients[towards the
DanubeDeltalandtheBlack[Sealandtheldceanopgraphicalandlécological (processeslonthe
North[western [shelflofithe Black Sea.

ThelSuite[ofthodels mentioned@bovelisised[fo [dnalyse [d Mumberdflscenarios forthe future
developmentloflthe utrientlissuelinthe[DanubeBasinandlintheBlackSea. Thispaper
presentsand(discusses(the Tesults fromthisl@ssessment.

Materialsland Methods

General

Figure[1 [presentstheoverall[layout oflthe[daNUbs tesearchproject[{daNUbs,[2005).[The
centrepart/ofTthis figure fepresentsthe[Sequenceldfimathematical todels.
Thelfirst[step[lin[thelquantitative “assessmentlis[carried Cout[ by the “model TMONERIS
(MOdelling Nutrient Emissions(in RIver Systems).Themodellis Basedon(dataTegardingthe
river (flow "and [the COwater Cquality Cas Cwell Cas ConCdigital Cmaps CandCextensive Cstatistical
information[based [on[Jgeographical [linformation Csystems[(GIS). It uses[Isemilémpirical
relationsto calculatethe[yearly[dveraged mutrient(émissions fo(the surfaceWaters, [distributed
overldifferent[pathways,as[welllas[thelin[stream tetention[inthesmall[Scale[Surface [Wwater
network.  Thelapplication(to[theDanube[Basinhas[been validated[on[the basis oflhistorical
datal(Schreiberlet(al.,2005, Behrendt(etlal.,2005).

The Danube Water Quality Model (DWQM)[Gs[basedontheladvection[diffusionléquation,
and[itiwasldeveloped@ndl@ppliedfoleéstimateltheinlStreammutrientloadslandthe Storageand
losseslin(the[Danube[River[andlitsmain[fributaries (daNUbs, 2005 Deliverable1D5.9). tlis
basedlon(dataltegarding[the[yearly [point[and[diffuse[eémissions[to thelsurfaceWwater[from
MONERIST@siwell@slondailyhydrological [datafor[different/stationsin[the Manubebasin. [Tt
disaggregates(the[yearlylaveraged[fluxes[¢alculated[by[MONERIS[to[daily¢oncentrations,
andlit[disaggregates(the fotal mutrients fo the different(speciesin thelaquatic mutrient[¢ycles.
Eventually, fiticalculates fthe mutrientfluxes fowards the Danube Delta.
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Figure1:Graphicalpresentation 0f esearch(elements/ofthe daNUbs project.




The Danube Delta Model [(DDM)lisoflalsimilarnaturelas the [ DWQM, [and has(the specific
objectiveltolquantify[storageand[losses of nutrients[in[the[DanubeDeltalas vell(aslthe
resulting fluxesfowards the BlackSea((Constantinescu (& Bakkum,2002).

Finally (the[Shelf(Model, ¢onsisting[oflahydrodynamic[modeland[an[écologymodel, [deals
with[processes(and impactsonthe North[Wwesternshelfldfithe Black Sea.

Descriptionlafiscenarios for | future development
Five[ldifferent[IscenariosThave[lbeen[]developed[regarding[Ithe[Isocioleconomic[Ifactors
controlling Mutrient/émissions(andDanubeRiverdoads. They[¢oncernthe nutrition[System”
includinglagriculture [Wwith [plantfand [animal mutrition, humanmutrition[ds well[as[Wwasteand
wasteWater(management. Thelsystem[consists[0f(7 [dctors, (beingldgriculture((producers), feed
industry,households[{consumers), [food[industry, ‘waste[and [Waste [Water (lnanagement, [frade
and[policy. Theldeveloped scenarios featuredifferent[degrees [0fléconomical, [écologicalland
social [sustainability, Caccording[to[¢criterialofT efficiency, consistencyandsufficiency.[ The
scenarioslareldescribedlinldetail by Isermann[(daNUbs, 2005, DeliverablesD3.1,D3.2land
D3.3).

Thelbasiclintentions bfl the[ scenarios canl be summarised[as[ follows. Scenariol[1[is[the
continuation [ofTthe [present(Situationin Waste Water [management[and[agricultural production
(“Businessldsisual[sScenario”).[Changesdre [0nly [duetoanlexpected [changeof(populationlin
the[Danube[Basinland [longterm[effects (of N(tetardationlin[Soils[and[groundwater, Which
delayltheleffects of changes[inlagricultural ‘practice onlthe emissions tolsurface Ivaters.
Scenario[2[describes(d[situation With[@highlagricultural [productivity [dsitWwasfhe[daselin the
1980s[in[thewhole[Basin[andaldevelopment[inwaste Swater[inanagement[according[to
requirementsofl the urban Wwaste [Wwater[directive[for[hormal [areas (‘“worst[¢case[$cenario”).
Scenario[ 3 [describesthe same[situation “with Capplication JofTbest[available Cpracticein
agriculture[andtequirementsfor[sensitivelareas[in[Ivaste[Wwater[treatment[(“bestavailable
techniquelscenario”).[Scenario (4 [describes[alsituation Were[teduction/ineasureséspecially[in
agriculturearefurther[extended Cincluding [restriction Cofanimal “production[based on[a
minimum Mequirement o [Supply the Jocal population Withhealthy mutrition[{0.1AU/(inh.a))
and(far(teaching ¢érosion(abatement[(“sustainability/green(scenario”).[Scenario[5[describesa
situation“with "anexpected"development[in[agricultureandaldetermination 0fl treatment
requirements(in[Waste Water[freatmentbBased [On[dppropriate[ambient Water[quality [protection
(“policylscenario”).[Scenarios[1[to[3[¢tan[belcharacterisedlasbeing[notlsustainable, While
Scenario 4 lis[considered [strongly [sustainableand(Scenario (S weakly(sustainable.

Modelling nutrient émissions

Thelemissionmodel MONERIS uses/$patially ‘andtemporally [Varying[input/data/tegarding
thematural[system(and [fhehumanactivitiesin[the ManubeBasin[(Schreiber(ét(dl.,[2005).This
comprisesamong otherfactors:
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Itmses(thislinformation(folcalculatethe [émissions of[N [and [P [fo the Surface Wwater, by [(semil)
empirical [ formulas.[Seven[ different[ pathways[arel distinguished:[(1)[point[sources(waste
water(freatment[plants, industry,[dnd [@gro[industry), (2)[0verland flow, (3) [ground water flow,
(4)Tleldrainage, [(5)[erosion,[(6) lirban(systems/and [(7) @tmospheric deposition.



TheIDanube[Riverbasinlis fepresented by [d[schematisation [Consisting (0388 [Subl¢atchments
ofCimorelor[lessChomogeneousCharacteristics[(Figure[2).[Thelaveragelsize ofl thesesub]
catchments/is[about (2,000 km’. The[application (0f MONERIS [fo [the Danube Basinhasbeen
validated[on Historical [data (Behrendt(ét(al,[2005).
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Figure2: Overview(of theschematisation of the Danube Basin in(MONERIS.

Translation of'scenariosfoinput for numerical emission modelling
Inlorder{olquantifyléffectslofldifferent/scenarios[on(thelémissions o surfaceWaters’and[the
dischargevialDanube Riverfolthe Black[Sealitlismecessary [fofranslate fheldassumptions into
numerical [parameters[as[input[for éemission modelling.[The main[input[parameters for[the
MONERISémissionmodelland forcalculation[oflthe mitrogen(surplusfinfagriculture(ds input
parameter[into MMONERIS, that[Wwere varied between [fhedifferent[Scenariosare[presented [in
Table(1 [@s[basinWwidelaverages. Theldifferent[parameterson [dountry level [arepresented(ih [the
Annex.[Thefollowing[describes how [ different Values for[parametersin[differentScenarios
werelderived.

Population
Forltheldctual situation(2000)datalon[population dnd the distinction Between irban [@nd Tural

populationformIFA O statistics (FAOSTAT,12004a) Thave been“taken. Thevalues “for
scenarios(15areforecastsfor2015 fromthelsamelsource. [Forcountries Which @re(dnly [partly
situated[Wwithinthe [Danube[Basin, the(telationsbetween [the irbanand [tural [populationand
thefrends inlpopulation(development(in the Danube Basin have Beendssumed fo bethe[Same
as[for[thetotal[Country.

WasteWaterManagement

ThelspecificP [émissions fo(the Sewers[donsistiofialpartfrom population(1.65gR/(inh.d))@and
alpartfrom/industry[(1.0gP/(inh.d))Whichhave been@ssumed o [be constant forall [Scenarios
exceptscenario [4, wherereductionofTspecificCemissions from[these sources[ by source
abatement[{industrial [production, Qirine[Separation) havebeenassumed. [Inladdition(a[partof
specific[Plémissions[stems from[theuiselofldetergents. [For[scenario(l [theldssumed@mountiof
Plin(detergents(liasbeen kept/donstant(as(compared folthe [dctuallsituation.For(scenario 2 ‘the
amount[of(Plin detergents/in[Austrialand[Germany Wemains inchanged, butinthe Testloflthe
Danubian¢ountrieslal8ituation [like[inthe[1980shasbeenassumed. For[$cenarios 3 [fo[5[a




reduction[oflPlin[detergents[tolabout[0.35 g[P/(inh.d)laslit(is the situation[in[Austrialand
Germany hasbeen [assumed for [@ll [Countries. TheSpecific N emissionsWere motconsidered [@s
variable.

Table(1:Inputparameters to the nutrient/émission(scenarios, presented asbasin/averages.

20007] Scdf] Sc20] SeB3] Sc4C] Scl5

Total population((Danube [datchment) Mlinh. 82.100| 77.20] 77.200 77.200 77.21] 77.2
Urban/population(Danube(catchment) Mlinh. 57.600 54.2[] 54.20] 54.2[] 54.2(] 54.2
Rural population[(Danube [catchment) Mlinh. 24.50] 23.00] 23.00] 23.0C] 23.07] 23.0
Specificlémissionsof P gP/cap/d 3.600] 3.600] 4.600 3.000 2.50( 3.0
Population/donnected ‘tosewer[systems % 61 6201 80U 80CJ| 7811| 80
Population[connected to [freatment [plants %l(ofTtotal [pop. 47 4801 80CJ( 80CI| 7801 80
Pop.[conn. [fothechanical freatment [plants % ofTtotal (pop. 6 6 0 0 0 0
Pop. [donn. [foltreatment(plants with[Cremoval T | %[ofltotal pop. 22 210( sed| 1700 1700 39
Pop. [conn. foltreatmentplants with N/Premoval | %![ofltotal pop. 20 210 2400( 6301 el10)| 41

Overalllefficiency 0f N [temoval by [freatment %Of(WWTPHlowl| 49 5101 450 700 70U 56

Overalllefficiency [0f [P [Hemoval by [freatment %0f WWTPflow[| 57 5800 5200 7700 770 63

Surface(specificlivestock AU/AA 0.4601] 0.460] 0.72(] 0.72] 0.190] 0.51
Per(capitaivestock AU/cap 0.247] 0.240 0.38C] 0.380] 0.10C] 0.27
Uselofimineral N(fertilisers kgN/haAA/y 31 3100 6501 4900 2201 43
Efficiencyofise[0f N{in [dgriculture % 1480 1480 1760 1610 150C] 165
Nisurplus(on/agricultureareas kgN/haAA/y 27 2700 5801 4601 2100| 39
Reduction/ofltile/drainage Y% loflarea 0 0 0 2000 2001 10
Development/ofideposition(0of NHx %(0f2000values[]| 10000 101C] 119C] 100C] 74C1| 106
Erosion(@batement** % oflarableland 0 0 0 5000 100Cf O
* Ninputl(fertiliser, deposition, N[fixation) in [relation fo (N [in harvested[crops.

ok Minimum (fillage, tulch fechniques, [ile. thulchseeding; intercropping.

Thelconnections [folsewers dre dssumed(foStay [constantin(scenario 1. Inlscenarios2,3 [@nd 5,
as[approximation [fo [the Hequirements [from Qirban Waste Waterdirective, [it (was[assumed [that
thelfotal urban populationand (30 % [0fTthe Tural populationldre[éonnected [foSewer[Systems
unless[thispercentagelislalreadyhigherhow.[Noladditional [ connections[to waste[water
treatment plants(are@ssumed in/Scenario(1. Tn[all the[dtherScenarios the Waste Water dollected
in[sewerl(systems is[treated biologically@s/it(is Tequired inthe [EU hirbanWaste Wwater[directive.
Inlscenario(2 [only[darbon [demoval [(including (30 % N [and (35 [% [P [demoval)is [applied inless
the[freatment(level s already thighermow. [Scenarios 3 [and 4 [assume IN[(80[%) [and P [{(87 [%o)
removallin(all fowns [Wwith morethan[10,000inhabitants. In[Scenario (3 (based [on Hesults from
EU/AR102A/911(1997)[ontheldilutionl¢capacity [of[teceiving[waters[in[different Danubian
countriesmutrient[temoval (was[assumed for[freatment [plants(discharging [fo [feceiving Waters
with(a[dilution capacity 4t Tow [flow [of Tess [than 2 [m’/(pe.d) [(pe: [population [équivalent). For
otherfreatmentplants,biological freatmentwith [Garbon[removal lonly Was @ssumed.

Agriculture
InCgeneral [forall[Scenariosit[Wwasassumed, [that[thelagricultural(arealfemains Tinchanged.

Production(reductions(resultlinfeduced(intensity [0f(production(per(drealbut notlin(areduction
ofthelagricultural Careaunder ‘production.Asfor[Wwaste Wwater (management[$cenario[1isla
prolongation[oflthelactual [Situation. [Forscenariol[2 [fhe8ame productivity [(animal [and [plant
production)and (N [eéfficiency[ofplant[production (N linput[(fertiliser,[deposition, (N [fixation)
in(relation[to[Ninlharvested ¢rops)for[Austrialand [Germany [as[in[2000 and[for[the[other
countrieslinthe DanubeCatchmentlasin thelendofthe1980s Wwaslassumed.Scenario 3 (has
the[sameldgricultural [production, [butlanlincreased N [éfficiency[inplantproduction based [on
application(ofBest[practice By [10[% [in[Austrialand[Germany[and(20%[inthe [other[countries
as[compared [fo[sScenario2.In[dcenario[4 fhelanimal [production(isteducedfo[0.1[AU/(inh.a).




Crop[production fis [@assumed [dccording[to [the meeds [for food for[the [population(and[fodder [for
the[animal[stock.[TheNlefficiency [Was[assumedtobe[150%, assuming[albest[available
practiceCon[alrelative[low[level CtheClintensity CofCproduction. “For[scenario 5 Cpredicted
agricultural(production (for(the[year[2015[according [fo[FAOSTAT(2004) was[dssumed. [For
the[Nlefficiencythe[value[Wassetto[167 % anlaverage[Valuefor[EU15. The Values[for
mineral fertiliserapplication@nd N [Surplus were [calculated based [On [thesedssumptions.
ChangeslinNH, [émissions [to[the[dir[can Beldchieved by [better(storagelandspreading. [Further
changeslinlife/stocklead[fo [changes(in INH, [émissions dnd[¢onsequently INH, [deposition. The
variation[ofthe INH, [deposition[due o [¢hanges[ofTlivestock[are[¢alculated from[the telation
between NH, [Tdeposition [((EMEP,2002)[and[the[animal inits[for[thelindividual[¢ountries
within(the timeperiods(1985,(1990,(1995[and(2000. Theseregressions [were ised[fo[calculate
the ™WHy [deposition [for the iumbers Gflanimal tinits Withinthe(Scenarios.
ForphosphorusfitiWwas/dssumed [fhat(the SurplusonSoil infuturel@anyway Will fiot be thathigh
that[it[leads[to[significant[changes[in[the[Pl¢ontent[in top[soilCand[thuswillChot have
significantlinfluencelon[thelémissionsfolsurface Waters. Pémissionsfo[Surface Wwaters from
agriculture[Will fmainly [belinfluenced by thellevel ofTérosion abatement(useof minimum
tillage, Cimulchtechniqueslike Cimulchseeding, Cintercropping). In[scenarios[ B Cand[4[two
differentllevelsiof’dpplication(dflerosion(abatement(in(thebasinlave Been @pplied.

Modelling transport and retention, and exportto(the Black'Sea

Inlorder(toldllow theimpactassessment(in(thesurface Water, the [fate (0f[the [émitted Mutrients
inlthe(surface watersmeedsfobel@ssessed. Typically,the Toad [dfMutrients Teaving[aicatchment
throughtheldutflowing Tiverwater(is Significantly[smaller[than[the@missions[fothe surface
water.TheSurfaceWater [is[d@ble[fo femove and/or(store@fraction(oflthel@mitted mutrients. The
researchcarried [outlin(the daNUbs[projecthasdemonstrated [that(this(is[indeedthe[daselin(the
DanubeRiverbasin, andlthat[mostloflthetetention [ofutrients [is [fakingplace inthe Small
surface[Wwaters[whichlaremotlexplicitly[includedlin[the [ DWQM [(daNUbs[2005, Deliverable
D5.9).[For[phosphorus,[the[ 200 km[backwater areal ofl the[Tron[Gates dams[presents[ an
exception: [dueto het[Sedimentation df particulate phosphorus, [this arealis[aI‘point[$ink”
which(stores@nléstimated [40% [ofltheincoming Phosphorus.TheTetention [0f Mutrients(inthe
smalllsurface[Wwaters[is[¢alculated (byeémpirical [(formulas in[¢achofthe[388[sub[catchments
distinguished (by IMONERIS. [The [formulas(calculatethe Toads ¢cominglout[ofthesmall[scale
river Metwork, [@xpressed (as total N, [fotal [Pland MIN[(Schreibergtlal., 2005).

Legend:
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Figure(3: Thelschematisation of the Danube River(anditsmain(tributariesinthe DWQM



Bothltheemissions mentionedabovelandthe tetentionlin the$mallersurface Wwaters are
calculatedlasCconstant[Values for[alperiod[of[Several [years[(the project works Wwith[5[year
periods).[ The DWQM [(Figure[3)[operates[on[muchl$maller[timelscales. It[calculatesthe
transportland [tetention[ofmutrients[in theDanube[Riverfand its[main [fributarieson aldaily
basis, thus(dllowinglaldetailedimpact/assessmentlin[the Danube Delta’and the NorthWwestern
Shelfloflthe Black[Sea. Tolthislénd, the[DWQM disaggregatesthel5[yearlaverage nutrient
loads[coming[outofithe[small[surface[Wwater metwork (onthebasis oflthe(day [fo[day variation
oflthemiverhydrology.[The MWQMI[Also disaggregatesthepoolslofiNland Plnlamumberof
specieswhichlare(telated folits[detailed[fepresentation[oflthe mutrient[¢yclinginthelsurface
waters.

TheMDanubeDeltaModel (Figure[4(a))lislanlintegral @pplication0fThydraulicmodelling land
GIS[processing.[Like[the [ DWQM,[the[DDM useslal commercial "one[dimensional Copen ]
channelldynamic mumerical todellingsystem, dapable[ofisolving [the équations that[describe
unsteady Waterflowand Water quality.
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Figure4:(a)the Danube DMelta Model (b)[Outflow [fo theBlackSea

Thewater quality[inodel (used Cby the(DWQM andthe[DDMUis[suitable to[ quantifythe
transformation, [ storage[and[loss[ processes[ ofl the[ hutrients N, P and[Si.[The[DDM/[is
specificallydesignedtopredict[the Thutrient[temoval Cinl[theaquatic complexesand their
transportfromthe[datchments(fothe Black[Sea. Themostimportant mutrient loss [process(that
hasbeen(takenlintodccount(isthe loss[0fN [to ‘the[dtmosphere by [denitrification. Retention [0f
phosphorus/isthainly [felated folstoragelin thelsediments By metSedimentation. [ToBelablefo
makelaldistinction[inbiochemical(processesinteedbeds[(standingand [floating [teed)and
openwaterbodies [these [parts(are(separated in [the hydrological model (Figure(S).

Boththe DWQMand theDDM/distinguishthe following state[Variables: [dissolved[oxygen,
inorganichutrients[ (NH,4,[NOs3,[Si,[dissolvedCand[particulate[PO,), dissolved Corganic N,
inorganic(suspended matter, [dlgaeland(detritus (C, N, R, Si).

The[DDMhas[beenl¢alibrated using mutrient temoval [¢oefficientsfor[éachaquatic[¢complex
basedupon [Wweight factorsbetween [open[water (and[feed beds ofleach [oflthe [¢omplexesand
dependinglon[a[function[based Wiponthe Wwater(level [at[Tulcea. Alsothe[iodelAincludethe
meteorological ‘[conditionsasWwind,precipitation’andlévaporationthatplayalsignificanttfole
especiallylin[theldry[period[and[¢annot[beignoredfromlalhydrological [and Wwater[dquality
pointlofview [(Constantinescu (& Bakkum,2002).
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FigureS: Modelling Cprinciple for reed bedsversus_open water and evaporation_and
precipitation.

Results(and Discussion

TheTesults[ofTthe@nalysiswill e [Presentedin [ferms [0fthe[€missions o [the[surface Water, [in
the formloflthe DanubeRiverloads[andlin(fermslofltheloads[fowards[the Black[Seal(after
passage(dfithe MDanubeDelta).

Nutrientsémissions

Thelcalculated (hutrient[ emissions[are[ presented [in[ Figure[ 6. The[figure[ shows[the[total
emissions[of(Nand[Pfor(the scenarios[1[fo5.Thefotal lemissions aresubdividedover(the
pathways/onlone hiand, @nd(overtheSectorsonfthedther Hiand.
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Figure6: Calculated Cemissions Clof Cnitrogen(top) [land [ phosphorus(bottom)[for ithe

Scenarios(1to(5,distributed (overpathways((left)[and [0ver sectors((right).



Thelemissions[in[$cenariol[ 2, Whichlincludes implementation [ ofl the[ Urban[ Waste[ Water
Directiveformormal areas, [are/substantially higherthan those in/scenariol1, [éspecially for[P.
For[P [thisfis[the TfesultofTthe increased[émissions from [thelirban [Sector(Only, Whilefor N The
agriculture(sector(andtheurban(sector(areboth tesponsible.[Scenario3 [shows[aldecreasein
theleémissionsfromthe urbanSector, duefolthe implementationofthe UrbanWaste[Water
Directivefor[sensitiveareas. “For[IN, Cthis “decreaselis[still Clcompensated (by Cincreasing
agricultureemissions[despitethe implementation "of(BAP, while [ffor [P [the[lagriculture
emissionsshow(a(decreaselds[well,[dueltolérosion(abatement measures. [Scenario[4[is[dmore
extreme[variant[lofscenario [ 3, Tincluding Caldrastic[reduction Cofllagriculture Cproduction
corresponding(foalfeduced animal (proteinlintake[ofTthe Tocal [population((healthy mutrition).
Contrary [to[sScenario (3, Scenario (4 [is[sufficientto reduce the N [émissions from(agriculture fo @
level Below(that/dflScenario(1.Scenario 53 has/Similariemissionevels(@s[scenario 1.

For(P, the(division[0Overthe Sectors(is[similar(in both[Scenarios, while[for NN [an[increase in the
emissionsfromagricultureis[compensated byla decreaselinlthelirban(sector.
Scenario2demonstrates [that[the[émissions [0f N [and [P mhay [increaselin theperiodup o 2015
tol@evel thatresembles(thelemissions(inthe1980s,ifTthe[éxpected[économicdevelopmentlin
themiddle[and[lower Danubian[countries proceeds Wwithout[properenvironmental [control
measures. Scenario (5 [for[phosphorus/and(scenarios(3 [and (5 (for mitrogen[demonstrate that[such
control measures/dan(dnly Be realised by [properdomestic WasteWaterthanagement.

Transportlandretention, exportitothe Black/Sea

River(loadsfowards ftheManubeMelta

Thelcalculated Manube [Rivermutrient lbadsfipstream [0fthe MDanube Delta [for thescenarios (1
to[5[are[shown[by(Figure(7.[Thelloads(¢learly teflect/theVariation [0f(the [émissions[between
theldifferent(scenarios. IfWweldompare [theémissions[(Figure[6)fo [fhe Tiverloads[(Figure[7),
weldan(Seetheéffectiofretention: [@bout40% forNl@nd@bout70% for(P.

Thelscenario2(is clearly[d worst(c¢aselscenario, with(d[load [0f[P[40% (higher than(in(the year
2000(and(aToad 0fIN15%Mhigherthanlintheyear2000. This[situation[strongly fesembles the
situation Beforetheleconomic ¢changes(in(themiddlelandleastern part[ofltheBasinlin[the late
1980s.[ThelotherScenarios [show [similar(or[Smallerloads than those(ofltoday.

TotalNitrogen TotallPhosphorus
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Figure(7: Calculated Danube River Toadstowards the DanubeDelta, for the scenarios1
to(5.Thelfigures'show the variability (0f theloads, induced by (differences/in(the
river hydrology.

Figure[7[alsolshows[the[impact[on the[ Danubel River[loads[ ofl differences[in[theltiver
hydrologyas[theyhavebeenobserved [in[the recentpast. 1A [period “oflrelatively low
discharges,[as[observedin[198911992,causesTower[diffuseémissions(and [a(higher[Tetention
capacity [oflthe [surface[Wwater[System.[A[period[oflrelatively (high[discharges, (as[observedlin
199812000, causeshigher[diffuseleémissions[andallower Tetention ¢capacity [oflthelsurface
water[system. Aslaltesult, the[estimated river[loads may[Vary considerably [dueltolthese
hydrological[wariations. For[N, [thehydrologylinduced Variation[ofTthe[loadsis[ofTthe[Same



order|asthe[differences Between(thescenarios. Thislimplies(thatthe year(toyearloads(depend
asimuch/onhydrology(as(onthedevelopmentofTthe [@missions. For (P, theliydrology induced
variability[oflthe Toads(is Telatively [Smaller, But/still [Significant.

Disaggregation: [doncentrationsdfmutrient(Species

Thelimpactlassessment [for the Black[Sealis[done By odels Whichldperate Withatmospheric
dataloflalhigh(spatial (and [femporal [Hesolution. [Such[datalislonly[available[for2003. Forthis
reason, [theloads[¢alculated by [MONERIS have[been[disaggregated(for(a period[of(4[years
including2003. Figure 8 providesi@xamples.On(theleft, Figure8 [showsthelconcentration [0f
total N [and [fotal (P as[afunction[offime. Theldoncentration[ofTtotal N showsalclear(Seasonal
variation[ controlled (by[theannual temperature[Variation, (With[high[ toncentrations(in[the
winterand Tow [Concentrations [in the [Summer((this is [line With fiecld [data).

Forffotal [P, the Wariabilityis[Gontrolled by [Gther factors, Such(@s theriverfiydrology.Thehigh
concentration[0fTtotal [P [in[2003 [is[aused By [theléxtremely [low [river(discharge. On[the right,
Figure[8 [Shows(the subdivision[of[phosphoruslover(theldifferentSpecies. This[graph clearly
demonstrates fhevariableratio [between [PO4 @nd [particulate/organic phosphorus.
Thelcalculations[with the DWQM have(resultedlin(daily [fime[Series for the[concentrations[0f
all(statevariables(at/thelentrance [to the Danube Delta.
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Figure8: Examples(ofithedisaggregationover time[(left) and over the different mutrient
species/(right). Theléexamples concern the(station[Reni, upstream(oftheDanube
Delta.

Impact(ofitheMDanubeelta

Thefransport/ofiWwaterland mutrientsfowards ftheBlack[Seaproceeds ainly [through thetain
Danube(delta®BranchesChilia, [Sulinaland[Sf.Gheorghe(Figure4(b)). Thewater budgetshows
that(theDanube[deltalaquatic[complexesin between [thesemainbranches(receivelonaverage
substantially[Tessthan[10%ofTtheldischarge ipstream [0f[theDanubeDeltal(Figure9).[The
yearlyaveragedlinflow[to the[Deltalaquatic[¢omplexestanges from[3.5%to[4.9%[oflthe
Danubeldischargeover(20002003.[Theldaily[inflow [fo[theDeltalaquatic complexestanges
fromess(than 1% folabout10%oflthe Manubedischarge, Gverthesamelperiod.

Themutrientbalances [for the Danube Meltalcalculated for 200012003 [are [presentedin [Table 2.
Thelannually@veraged Tetentionlinsidethe MDanube Deltaldquatic domplexesin Telation o [the
RiverDanubelload[is[about2.3%forN,2.4% for[Pand[1.2% for[Bi.[Consequently,the
DanubeDeltalturnsoutto[be of negligible[importance[for[the assessment[ofltheldifferent
scenarios.Evenliflthelaveragelimpactloflthe Deltalis[small, therelis ¢considerable[Variation
overlthe(year: [the momentaneous limpact0fithe Delta vVarious between25% [retentionand [15%
remobilisation.
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Figure9: Water balance of the Danube Delta

Table(2:Balancelofthe mutrients(in(the Danube Melta (simulation20002003)

Exportitothe Black(Sea Losses/storagelinthe Danube Melta

Year Nitrogen Phosphorus Silica Nitrogen Phosphorus Silica

(kt/year) (kt/year) (kt/year) (kt/year) (kt/year) (kt/year)

2000 483 24 473 13.84 0.62 9.06
2001 455 21 493 10.66 0.53 5.78
2002 501 22 527 12.13 0.59 7.69
2003 374 15 366 6.47 0.28 0.87
average 453 20 465 10.78 0.50 5.85

Conclusions/and Recommendations

ThelScenariolanalysis/demonstrates thatd feduction/ofltherivermitrogen Toad by [7%isFunder
way”’[vialtheldelayed [Mesponse0flthe[ground (water(émissions(fo the [feduction 0flthe mitrogen
surplus/onfagricultural [Soils [@fter1989.

Thelimplementation Cofl the[ UrbanWaste[ Water[ Directive [without[ the requirementsfor
additional (nutrient(temoval for[Sensitivelareas(will (lead [folalSubstantial [increase[ofthe [point
sourcesemissions 0f bothhitrogenandphosphorus, dueltolexpected increase ofpeople
connectedtosewer[systems. Furthermore, [ the Thitrogenand [phosphorusemissions[from
agriculturelareound [folincreasein Wiew [0flthe[éxpected dconomic(development(in [theldentral
andleasternEuropean countries. Formitrogen, [theintroduction(of Best[Agricultural Practices
willprobably motBelsufficientfo@void/suchlanfincrease.[A [decrease0fthe Mitrogen@missions
from[agriculture[canlonly[belexpected[iflthe humanhutrition patternsundergolaldistinct
change, [(which(willlallow a[Substantial [feduction[oflthelanimal [density [to[about[0.1 /Animal
Unit[perlinhabitantperyear.[This[distinct ¢hangelinnutrition[patterns(is[the[only ¢ondition
thatlcanltauselal$ubstantial [teduction[oflthe[total (hitrogenémissions[as[compared[tolthe
present( situation. A [decrease[ of the[ phosphorus[ emissions[from [agriculture canlalso be
broughtlabout by erosionlabatementeasures.

Consequently, [fherelis(alsubstantial Wisk [that[the ‘émissionsofmitrogenand phosphorus,and
therefore the riverloadsofbothmutrients Mmay lincrease lih[the[period iip fo 2015 fo @ Tevel [that
resembles(theleémissions(in(the[1980s, ifltheexpected[économic[developmentlin themiddle
andlowerDanubian[¢ountries [proceeds[Without[proper[énvironmental [¢ontrol measures. A
drastic[thange[0flthe Thumanhutrition[patternsis[one[Wway[tolavoid[this(tisk, but[this[is
probably mot(easily realised.Another, probably more feasible Way, [to[do(it[is by iimplementing
alselectiveladditional Mutrientfemoval @t 'WWTP’s.
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Thelannualltiver[loads[ofThitrogenand[phosphoruslare hot[determined by anthropogenic
factors(alone;alsothe tiverhydrologyplaysialdecisivetole. Thehydrologylinduced matural
variabilityofTtheriver[loads[is[oflthe[$amelorderlastheldifferences betweenlthe analysed
scenarios[(which[vary[the anthropogenic(factors).[Theimpact[ofthe[tiver[hydrology[on the
day(folday [variations[ofthe Miutrient/Goncentrations/is [dlso Very [Strong.
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Annex: Input(parameters to(the mutrient/€mission [Scenarios.
Thelannex below [provides ¢ountry [Specificldatafor[the émissionlexplaining factorssedlin
the™MONERISE@pplicationfo fheMDanubeBasin.[All[datalisted in[Table [@relincludedfinthis
annex.[ Thelreduction[ofltile drainage[as[wellas[the erosion[ abatement are not[ further
specified, [Since(theselare@applied Homogeneously [overthe wWholeldatchment(area.

Forlevery[variablelaltepresentative basin[averagelor[basin[fotal[is[included. In[¢ase[dflan
average vValue, theweighing factor(for the@veraging[procedurelislindicated.

Totallpopulation (Danubelcatchment)

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[]| Scenario3
Mlinh. Mlinh. Mlinh. Mlinh. Mlinh. Mlinh.
Germany 9.72 9.68 9.68 9.68 9.68 9.68
Austria 7.70 7.59 7.59 7.59 7.59 7.59
Czech[Republic 2.77 2.64 2.64 2.64 2.64 2.64
Slovak Republic 5.01 5.01 5.01 5.01 5.01 5.01
Hungary 10.94 9.69 9.69 9.69 9.69 9.69
Slovenia 1.74 1.62 1.62 1.62 1.62 1.62
Croatia 3.01 2.77 2.77 2.77 2.77 2.77
BosnialilHerzegovina 3.14 331 331 3.31 3.31 3.31
Serbialand Montenegro 9.12 8.84 8.84 8.84 8.84 8.84
Romania 20.84 19.29 19.29 19.29 19.29 19.29
Bulgaria 4.25 3.47 3.47 3.47 3.47 3.47
Moldova 0.89 0.85 0.85 0.85 0.85 0.85
Ukraine 295 242 242 242 242 242
Total 82.09 77.19 77.19 77.19 77.19 77.19
Urban [population (Danube(catchment)
Country 2000 Scenario1[]| Scenario2[J| Scenario3[]| Scenario4[]| ScenariolS
Miinh. Miinh. Miinh. Miinh. Miinh. Miinh.
Germany 8.85 8.82 8.82 8.82 8.82 8.82
Austria 5.75 5.67 5.67 5.67 5.67 5.67
Czech[Republic 2.19 2.09 2.09 2.09 2.09 2.09
Slovak Republic 3.35 3.35 3.35 3.35 3.35 3.35
Hungary 8.01 7.09 7.09 7.09 7.09 7.09
Slovenia 0.99 0.92 0.92 0.92 0.92 0.92
Croatia 2.08 1.91 1.91 1.91 1.91 1.91
BosnialilHerzegovina 1.78 1.88 1.88 1.88 1.88 1.88
Serbialand Montenegro 5.52 5.35 5.35 5.35 5.35 5.35
Romania 13.34 12.35 12.35 12.35 12.35 12.35
Bulgaria 3.10 2.53 2.53 2.53 2.53 2.53
Moldova 0.45 0.43 0.43 0.43 0.43 0.43
Ukraine 2.18 1.79 1.79 1.79 1.79 1.79
Total 57.59 54.18 54.18 54.18 54.18 54.18
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Rural(population (Danubeéatchment)

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenario3
Miinh. Miinh. Miinh. Miinh. Miinh. Miinh.
Germany 0.86 0.86 0.86 0.86 0.86 0.86
Austria 1.95 1.92 1.92 1.92 1.92 1.92
CzechRepublic 0.58 0.55 0.55 0.55 0.55 0.55
Slovak Republic 1.66 1.66 1.66 1.66 1.66 1.66
Hungary 2.94 2.60 2.60 2.60 2.60 2.60
Slovenia 0.75 0.70 0.70 0.70 0.70 0.70
Croatia 0.93 0.86 0.86 0.86 0.86 0.86
BosnialilHerzegovina 1.36 1.43 1.43 1.43 1.43 1.43
Serbialand Montenegro 3.60 3.49 3.49 3.49 3.49 3.49
Romania 7.50 6.94 6.94 6.94 6.94 6.94
Bulgaria 1.16 0.94 0.94 0.94 0.94 0.94
Moldova 0.44 0.42 0.42 0.42 0.42 0.42
Ukraine 0.77 0.63 0.63 0.63 0.63 0.63
Total 24.50 23.01 23.01 23.01 23.01 23.01
Specific/émissions [of P
Country 2000 Scenariol1[1| Scenario2[]| Scenario3[]| Scenario4[]| Scenario3
gP/cap/d gP/cap/d gP/cap/d gP/cap/d gP/cap/d gP/cap/d
Germany 2.98 2.98 3.00 3.00 2.50 3.00
Austria 2.95 2.95 3.00 3.00 2.50 3.00
Czech(Republic 3.43 343 5.12 3.00 2.50 3.00
Slovak Republic 3.13 3.13 5.12 3.00 2.50 3.00
Hungary 3.37 3.37 5.12 3.00 2.50 3.00
Slovenia 3.82 3.82 5.12 3.00 2.50 3.00
Croatia 4.14 4.14 5.12 3.00 2.50 3.00
BosnialilHerzegovina 5.12 5.12 5.12 3.00 2.50 3.00
Serbialand Montenegro 5.12 5.12 5.12 3.00 2.50 3.00
Romania 2.89 2.89 5.12 3.00 2.50 3.00
Bulgaria 4.85 4.85 5.12 3.00 2.50 3.00
Moldova 4.05 4.05 5.12 3.00 2.50 3.00
Ukraine 4.65 4.65 5.12 3.00 2.50 3.00
Average/((totallpop.) 3.58 3.57 4.65 3.00 2.50 3.00
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Population connected tosewer[systems

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenariold*[| Scenariol3
% % % % % %
Germany 95.0 95.0 95.0 95.0 95.0 95.0
Austria 86.0 86.0 86.0 86.0 86.0 86.0
Czech[Republic 74.6 74.6 85.4 85.4 83.3 85.4
Slovak Republic 54.0 54.0 76.8 76.8 73.5 76.8
Hungary 56.8 56.8 81.2 81.2 78.5 81.2
Slovenia 74.2 74.2 74.2 74.2 74.2 74.2
Croatia 432 432 78.3 78.3 75.2 78.3
BosnialilHerzegovina 43.5 43.5 69.7 69.7 66.7 69.7
Serbialand Montenegro 56.0 56.0 72.4 72.4 69.2 72.4
Romania 46.0 46.0 74.8 74.8 73.4 74.8
Bulgaria 68.0 68.0 81.0 81.0 78.3 81.0
Moldova 56.0 56.0 65.6 65.6 60.7 65.6
Ukraine 53.0 53.0 81.7 81.7 79.1 81.7
Average((total[pop.) 61.5 61.8 79.7 79.7 77.9 79.7
Population(connected [fotreatment plants
Country 2000 Scenariol1[1| Scenario2[]| Scenario3[]| Scenario4[]| Scenario3
[l %lofifotal % oftotal % oftotal % oftotal % oftotal % oftotal
pop. pop. pop. pop. pop. pop.
Germany 943 94.3 95.0 95.0 95.0 95.0
Austria 86.0 86.0 86.0 86.0 86.0 86.0
Czech[Republic 64.8 64.8 85.4 85.4 83.3 85.4
Slovak Republic 48.8 48.8 76.8 76.8 73.5 76.8
Hungary 34.8 34.8 81.2 81.2 78.5 81.2
Slovenia 51.2 51.2 74.2 74.2 74.2 74.2
Croatia 35.0 35.0 78.3 78.3 75.2 78.3
BosnialilHerzegovina 19.2 19.2 69.7 69.7 66.7 69.7
Serbialand Montenegro 44.1 44.1 72.4 72.4 69.2 72.4
Romania 28.1 28.1 74.8 74.8 73.4 74.8
Bulgaria 38.0 38.0 81.0 81.0 78.3 81.0
Moldova 25.2 25.2 65.6 65.6 60.7 65.6
Ukraine 11.8 11.8 81.7 81.7 79.1 81.7
Average((totalpop.) 46.8 47.6 79.7 79.7 77.9 79.7
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Pop.(connected tothechanicaltreatment plants

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenario3
[ %lofifotal %/loftotal %/loftotal %Iloftotal %Iloftotal %/loftotal
pop. pop. pop. pop. pop. pop.
Germany 0.9 0.9 0.0 0.0 0.0 0.0
Austria 1.0 1.0 0.0 0.0 0.0 0.0
CzechRepublic 0.7 0.7 0.0 0.0 0.0 0.0
Slovak Republic 24 24 0.0 0.0 0.0 0.0
Hungary 3.9 3.9 0.0 0.0 0.0 0.0
Slovenia 2.0 2.0 0.0 0.0 0.0 0.0
Croatia 21.0 21.0 0.0 0.0 0.0 0.0
BosnialilHerzegovina 18.2 18.2 0.0 0.0 0.0 0.0
Serbialand Montenegro 13.7 13.7 0.0 0.0 0.0 0.0
Romania 4.5 4.5 0.0 0.0 0.0 0.0
Bulgaria 12.2 12.2 0.0 0.0 0.0 0.0
Moldova 0.0 0.0 0.0 0.0 0.0 0.0
Ukraine 1.4 1.4 0.0 0.0 0.0 0.0
Average/((totallpop.) 5.8 5.7 0.0 0.0 0.0 0.0
Pop. connected o biol. freatmentplants withCremoval
Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[]| Scenariol3
[l %loflfotal %loftotal %loftotal %loftotal %loftotal %loftotal
pop. pop. pop. pop. pop. pop.
Germany 7.2 7.2 8.2 8.2 8.2 8.2
Austria 17.8 17.8 7.7 7.7 7.7 7.7
CzechRepublic 323 323 435 32.7 31.9 17.1
Slovak Republic 224 224 39.2 17.7 16.9 53.8
Hungary 26.8 26.8 71.5 17.3 16.7 65.0
Slovenia 49.1 49.1 74.2 29.8 29.8 59.3
Croatia 14.0 14.0 78.3 314 30.2 54.8
BosnialilHerzegovina 1.0 1.0 69.7 13.9 13.3 41.8
Serbialand Montenegro 30.4 30.4 72.4 21.6 20.7 434
Romania 23.6 23.6 74.8 15.0 14.7 44.9
Bulgaria 25.8 25.8 81.0 17.2 16.6 40.5
Moldova 252 252 65.6 23.7 21.9 39.4
Ukraine 10.4 10.4 81.7 43.8 424 49.0
Average/((totallpop.) 21.5 213 56.1 17.2 16.7 39.0
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Pop.[connected fo biol. treatmentplantswith IN/P removal

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenario3
%Iloftotal %/loftotal %/loftotal %Iloftotal %Iloftotal %/loftotal
pop. pop. pop. pop. pop. pop.
Germany 86.1 86.1 86.8 86.8 86.8 86.8
Austria 67.1 67.1 78.3 78.3 78.3 78.3
Czech[Republic 31.8 31.8 41.8 52.7 514 68.3
Slovak Republic 239 239 37.6 59.2 56.6 23.0
Hungary 4.2 4.2 9.7 63.9 61.8 16.2
Slovenia 0.0 0.0 0.0 443 443 14.8
Croatia 0.0 0.0 0.0 46.9 45.0 23.5
BosnialilHerzegovina 0.0 0.0 0.0 55.8 534 27.9
Serbialand Montenegro 0.0 0.0 0.0 50.7 48.5 29.0
Romania 0.0 0.0 0.0 59.8 58.7 29.9
Bulgaria 0.0 0.0 0.0 63.8 61.6 40.5
Moldova 0.0 0.0 0.0 41.9 38.8 26.2
Ukraine 0.0 0.0 0.0 37.9 36.6 32.7
Average/((totallpop.) 19.6 20.6 23.7 62.5 61.2 40.7
Overall éfficiency(of (N removal By [treatment
Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[]| Scenariol3
%loflinflow | %loflinflow | %loflinflow | %[oflinflow | %[oflinflow | %oflinflow
toWWTP toWWTP toWWTP toWWTP toWWTP toWWTP
Germany 78.7 78.7 78.7 78.7 78.7 78.7
Austria 65.1 75.0 75.0 75.0 75.0 75.0
Czech[Republic 54.3 54.3 54.5 60.8 60.8 70.0
Slovak Republic 53.5 53.5 54.5 68.5 68.5 45.0
Hungary 33.8 33.8 36.0 69.3 69.3 40.0
Slovenia 29.2 29.2 30.0 59.9 59.9 40.0
Croatia 18.0 18.0 30.0 59.9 59.9 45.0
BosnialilHerzegovina 11.0 11.0 30.0 70.0 70.0 50.0
Serbialand Montenegro 23.8 23.8 30.0 65.1 65.1 50.0
Romania 26.8 26.8 30.0 70.0 70.0 50.0
Bulgaria 23.6 23.6 30.0 69.4 69.4 55.0
Moldova 30.0 30.0 30.0 61.9 61.9 50.0
Ukraine 27.6 27.6 30.0 53.2 532 50.0
Average/(pop.[sewer) 48.6 51.1 45.2 69.6 69.7 55.9
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Overalléfficiency(of [P [removal By treatment

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenario3
%l[oflinflow | %oflinflow | %loflinflow | %[oflinflow | %[oflinflow | %oflinflow
toWWTP toWWTP toWWTP toWWTP toWWTP toWWTP
Germany 89.5 89.5 89.5 89.5 89.5 89.5
Austria 83.1 83.1 83.1 83.1 83.1 83.1
CzechRepublic 60.3 60.3 60.5 67.1 67.1 76.6
Slovak Republic 59.5 59.5 60.5 75.0 75.0 50.6
Hungary 39.0 39.0 41.2 75.9 75.9 454
Slovenia 342 342 35.0 66.1 66.1 454
Croatia 23.0 23.0 35.0 66.1 66.1 50.6
BosnialilHerzegovina 16.0 16.0 35.0 76.6 76.6 55.8
Serbialand Montenegro 28.8 28.8 35.0 71.5 71.5 55.8
Romania 31.8 31.8 35.0 76.6 76.6 55.8
Bulgaria 28.6 28.6 35.0 76.0 76.0 61.0
Moldova 35.0 35.0 35.0 68.2 68.2 55.8
Ukraine 32.6 32.6 35.0 59.1 59.1 55.8
Average((pop.[sewer) 573 58.2 51.6 76.9 77.0 62.7
Development(ofideposition of NHx
Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[]| Scenariol3
%1(0f2000 %1(0f2000 %1(0f2000 %1(0f2000 %1(0f2000 %!(0f2000
values values values values values values
Germany 100.0 100.0 100.0 79.5 53.4 97.4
Austria 100.0 100.0 100.0 83.2 59.3 107.2
CzechRepublic 100.0 100.0 130.9 106.9 71.2 100.3
Slovak Republic 100.0 100.0 128.9 107.7 77.9 101.5
Hungary 100.0 101.0 122.6 105.2 81.5 110.4
Slovenia 100.0 74.0 102.8 82.3 55.0 105.8
Croatia 100.0 132.0 114.6 101.1 84.9 104.5
BosnialilHerzegovina 100.0 120.0 118.9 103.4 85.2 124.3
Serbialand Montenegro 100.0 83.3 122.4 102.5 72.1 106.4
Romania 100.0 100.0 129.3 107.8 73.7 100.2
Bulgaria 100.0 100.0 131.8 113.2 85.0 103.0
Moldova 100.0 104.1 127.9 110.0 85.3 111.1
Ukraine 100.0 96.0 119.7 102.3 74.2 102.8
Average((noweights) 100.0 100.8 119.2 100.4 73.7 105.7
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Weighingfactors(for agriculture/data

Country Country Agriculture

population area

] 1000finh. 1000ha
Germany 22681 2593
Austria 8102 3416
CzechRepublic 10269 1177
Slovak Republic 5391 2353
Hungary 10012 6186
Slovenia 1990 405
Croatia 4446 1708
BosnialilHerzegovina 3977 1369
Serbialand Montenegro 10555 5369
Romania 22480 13662
Bulgaria 8099 3093
Moldova 4283 953
Ukraine 49688 2435
Total 161973 44721
Per(dapitalivestock
Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenariol3
AU/cap AU/cap AU/cap AU/cap AU/cap AU/cap

Germany 0.28 0.28 0.28 0.28 0.10 0.27
Austria 0.35 0.35 0.35 0.35 0.10 0.40
Czech[Republic 0.22 0.22 0.41 0.41 0.10 0.22
Slovak Republic 0.18 0.18 0.35 0.35 0.10 0.19
Hungary 0.18 0.18 0.32 0.32 0.10 0.24
Slovenia 0.28 0.29 0.30 0.30 0.10 0.31
Croatia 0.16 0.16 0.25 0.25 0.10 0.19
BosnialilHerzegovina 0.14 0.14 0.24 0.24 0.10 0.27
Serbialand Montenegro 0.26 0.26 0.43 0.43 0.10 0.31
Romania 0.27 0.27 0.49 0.49 0.10 0.27
Bulgaria 0.18 0.18 0.41 0.41 0.10 0.20
Moldova 0.18 0.18 0.33 0.33 0.10 0.22
Ukraine 0.29 0.29 0.53 0.53 0.10 0.35
Average((population) 0.24 0.24 0.38 0.38 0.10 0.27
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Surface(specificlivestock

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenario3
AU/AA AU/AA AU/AA AU/AA AU/AA AU/AA
Germany 1.29 1.29 1.29 1.29 0.47 1.24
Austria 0.80 0.80 0.80 0.80 0.23 0.92
CzechRepublic 0.53 0.53 0.98 0.98 0.24 0.53
Slovak Republic 0.40 0.40 0.78 0.78 0.22 0.42
Hungary 0.29 0.29 0.52 0.52 0.16 0.39
Slovenia 1.13 1.14 1.19 1.19 0.40 1.23
Croatia 0.26 0.26 0.41 0.41 0.16 0.30
BosnialilHerzegovina 0.31 0.31 0.52 0.52 0.21 0.58
Serbialand Montenegro 0.45 0.45 0.73 0.73 0.17 0.53
Romania 0.41 0.41 0.75 0.75 0.15 0.41
Bulgaria 0.23 0.23 0.54 0.54 0.13 0.26
Moldova 0.30 0.30 0.55 0.55 0.17 0.37
Ukraine 0.34 0.34 0.63 0.63 0.12 0.42
Averagel(AA) 0.46 0.46 0.72 0.72 0.19 0.51
Uselof thineral IN (fertilisers
Country 2000 Scenariol1[1| Scenario2[]| Scenario3[]| Scenario4[]| Scenario3
[l kgN/haAA/ | kgN/haAA/ | kgN/haAA/ | kgN/haAA/ | kgN/haAA/ | kgN/haAA/
y y y y y y
Germany 117.06 117.06 117.06 102.15 64.22 112.00
Austria 35.00 35.00 35.00 19.43 28.19 50.86
CzechRepublic 51.12 51.12 86.31 70.45 35.38 44 .81
Slovak Republic 29.79 29.79 59.24 52.00 45.29 46.41
Hungary 44.04 44.04 82.70 67.73 16.59 61.24
Slovenia 69.00 69.00 77.12 52.65 80.93 53.78
Croatia 37.89 37.89 58.14 45.54 15.56 30.42
BosnialilHerzegovina 14.20 14.20 4091 29.15 26.89 28.48
Serbialand Montenegro 23.65 23.65 91.89 71.95 13.54 50.44
Romania 16.90 16.90 48.29 29.63 17.30 28.64
Bulgaria 19.82 19.82 77.15 62.79 7.69 20.56
Moldova 23.47 23.47 54.20 40.39 22.97 41.18
Ukraine 8.81 8.81 36.11 23.66 15.45 13.81
Averagel(AA) 31.33 31.33 64.70 48.66 22.41 42.85
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Efficiency ofuseof Nin/agriculture

Country 2000 Scenariol1[]| Scenario2[]| Scenario3[]| Scenario4[][ Scenario3
% % % % % %
Germany 155 155 154 150 150 165
Austria 167 167 167 152 152 165
Czech[Republic 166 166 204 185 150 165
Slovak Republic 147 147 204 185 150 165
Hungary 136 136 176 160 150 165
Slovenia 185 185 178 162 154 165
Croatia 184 189 178 162 157 165
BosnialilHerzegovina 157 160 178 162 150 165
Serbialand Montenegro 123 121 178 162 150 165
Romania 150 150 175 160 150 165
Bulgaria 144 144 170 155 150 165
Moldova 148 148 177 161 150 165
Ukraine 142 142 177 161 150 165
Average((AA) 148 148 176 161 150 165
Nisurplus/on/agriculture(areas
Country 2000 Scenario1[]| Scenario21| Scenario3[1| Scenario4[]| Scenariol3
[l kgN/haAA/ | kgN/haAA/ | kgN/haAA/ | kgN/haAA/ | kgN/haAA/ | kgN/haAA/
y y y y y y
Germany 81.6 81.6 80.9 74.4 434 87.4
Austria 43.6 43.6 43.4 33.6 234 52.1
CzechRepublic 47.4 47.4 97.3 79.9 30.1 44.9
Slovak Republic 26.5 26.5 75.0 61.7 31.3 39.8
Hungary 22.5 22.6 61.7 48.7 18.8 43.6
Slovenia 73.9 73.3 75.7 60.0 48.1 60.2
Croatia 34.1 359 46.2 36.6 18.8 27.7
BosnialilHerzegovina 17.5 18.4 38.9 30.9 222 31.6
Serbialand Montenegro 13.3 12.4 69.9 55.4 16.7 41.1
Romania 22.8 22.8 52.1 41.1 19.3 31.5
Bulgaria 15.5 15.5 54.4 42.4 11.9 21.2
Moldova 20.0 20.0 47.6 37.7 18.9 334
Ukraine 13.4 134 39.6 31.3 14.1 22.0
Averagel(AA) 27.1 27.1 57.9 46.5 21.1 38.9
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