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ABSTRACT

Agriculture is to a large part responsible for mite leaching into groundwater and rivers in Germaggpecially in
highly intensive agricultural regions. To evaludte link between nitrogen surpluses from agricultanel nutrient
leaching into ground- and surface waters, a modeiwnek to analyse current and future nitrogen surplus
developments and water quality is set up by cormgdtydrological and hydrogeological models with terman
agricultural sector model RAUMIS. A set of diffaremvironmental measures and their costs is seletefulfil
surface and groundwater targets of the European wiganework directive (WFD) for the case of the Wdzieer
basin. Results show that with additional agri-envir@mtal measures covering around 1 million hectares
agriculturally used land with total costs of 100 limih Euros the objectives of the WFD could be aabieuntil
2015. Sensitivity analysis allows a better valuatidithe range of the costs. The costs and volumesampared to
regional farming characteristics and subsidies. iRissshow that costs of additional environmental soeas would
take up 5% of current direct payments to farmeise Work represents an interdisciplinary area wide il
approach to evaluate agricultural input and measutegether with an approach to quantify costs toiedh
environmental objectives of the WFD.

Keywords: diffuse pollution / agricultural economiad hydrological modelling / cost of nutrient redoct
measures / Weser river basin

1. Introduction and problem statement

Hydro-economic modelling approaches gain in impurgato model the complexity and the raising
number of actors in water management. Up to nowyelier, only a few approaches were capable of
realistically analyse water management problemshae been used in decision making processesisas it
difficult to represent different actors, differesttales and social and physical interaction andgss®s at a
time (Heinz et al. 2007). The application of a lrdconomic modelling approach nevertheless can help
to address some of these challenges. Especialipddie recent background of the Water Framework
Directive (WFD) it is of utterly importance to pride quantitative analysis as a basis for decisiaking

processes. The European Water Framework Directives established in 2000 with the objective to
achieve a good ecological and chemical statusl&ualace water and a good quantitative and chdmica
status of all groundwater bodies in Europe ungélybar 2015. Now, in 2010, some studies revealtiigt
goal is very hard or unlikely to be achieved uB€@lL5 but already rather speculate on year 202288d,
which are the auxiliary dates set by the EU andletgd in the WFD.

" Directive 200/60/EC of the European Parliament ainthe council of 23 October 2000 establishing a
framework for Community action in the field of waflicy



Since the focus of European policies on water mamagt issues increased i.e. with the nitrogen tec
(Directive 91/676/EEC), the groundwater directi@ dqundwater regulation 2006/118/EWG), and with
the Water Framework Directive (Directive 200/60/E@9re research has been conducted to evaluate the
effects of policies on the reduction of nitrogempduses on economic impacts such as farm income or
costs associated with the implementation of nitnogeduction measures. Early studies of water qualit
management include e.g. an analysis by Schleicdl €996) who use a linear programming model to
analyse different costs for reducing phosphorusictoin and discuss area wide or hot spot approaches
with respect to cost-efficiency; or an analysisviap der Veeren and Tol (2001) who evaluate theteitr
emission reductions with cost-effective allocatairmeasures for the Rhine River.

Since the implementation of the WFD studies abttpbtential effects and necessary measures have
recently increased in Europe due to the urgengydeide measurement plans to fulfil the objectioés
good quality of ground- and surface water bodie€imope. The WFD also promotes the economic
analysis of water management such as valuation atérresources, cost recovery and polluter pays
principle, economic methods and economic instrumfartwater management (Morris 2004).

A specific focus on the agricultural costs of watetlution and effective measures and their coghn
scope of the WFD have been analysed by Fezzi €@08) and Fezzi et al. (2010) and by Batemar et a
(2006).

Fezzi et al. (2008) evaluate four nitrogen redurctieasures in the UK using data available from the
Farm Business Survey. This work is extended by iFetzal. (2010) to allow a regionalisation of costs
with the help of regression analysis. Bateman e{24l06) use an interdisciplinary modelling network
including Geographical Information Systems and itlteraction of economic and hydrologic models to
analyse agricultural land use and water pollutioEmgland.

Moss (2004) discusses governance structures amy piplications for the implementation of the WFD

in Germany. He points out that Germany is a specdale where water management is traditionally
organised in administrative structures rather timariver basin units and thus providing a challerfge
analysing water management on the spatial scale.

In this paper a case study for the Weser rivembiasizermany shall be presented with the aim tonase

and value the effects and the probability to atyuathieve a good water quality status for the WFD
(Kreins et al. 2010). A hydro-economic modellingoegach is used to assess first, the development of
nutrient intakes by agriculture, and then elabotladenecessary reduction loads of nitrogen by atjuie

to be able to achieve the targets of the WFD by52@¥e select eight possible measures for nitrogen
reduction that have been described in literatupeiting to their costs and impact and that aresiflad

as appropriate and have a high rate of acceptanoagfarmers to evaluate the necessary area and the
cost to achieve the necessary nitrogen reductiadslidor the Weser River basin specifically. We thoiil

the work by Kreins et al. (2010) but extent the kvby analysing minimum and maximum values of costs
and impacts to be able to show a more comprehepsitgre of the scope of the costs of measures. We
finally compare the costs with other payments fasmeceive from the European Union. Finally, we
discuss the regionalisation of costs for one meashe expansion of extensive grassland producsorg
simulations of the agricultural sector model. Wd iith conclusions and future research options.

2. Methods
For the analysis in this paper we use a model n&ttat was established within the AGRUM Weser
project (Kreins et al., 2010) to create a progralmmeasures to prevent diffuse nutrient leaghirom
agriculture in the Weser River Basin. We bujion the work by Kreins et al. (2010) but extd® t
work by analysing minimum and maximum values tabke to show a more comprehensive picture of the
scope of the costs of its measures. In the follgvgaction the model network is briefly describede W
start with the agricultural sector model RAUMISethbriefly present the two hydrological models
included in the network, the GROWA/WEKU model artte tMONERIS model and describe the
interactions and the coupling of the three modaigte analysis.

AGRICULTURAL SECTOR MODEL

For agricultural economic simulations and potipns the Regionalised Agricultural and
Environmental Information System RAUMIS (Henrichgrmeet al. 1996; Gomann et al. 2004, 2005) is
applied. RAUMIS aims at analysing medium and losgrt agricultural and environmental policy
impacts. The model consolidates various agricultdata sources with the national agricultural actsu
as a framework of consistency. It comprises mdnan 40 agricultural products, 40 inputs with



exogenously determined prices, and reflects thelevGerman agricultural sector with its sector
linkages. According to data availability, the sphtlifferentiation bases on a modified NUTS Il éév
presenting single “region farms” as administratieglies, i.e. 326 regions (NUTS Il level).

The methodological concept of the modelling syst®AUMIS is an activity based non-linear
programming approach, which is medium term orientefbrecasting. The model is able to cover the
entire agricultural sector according to the defimtof the Economic Accounts of Agriculture and is
consequently consistent to the agricultural sector.

Adjustments caused by changes in general condiogsagricultural policies are determined using a
positive mathematical programming approach (HoW®95; Cypris, 2000) with the following non-linear
objective function for each region:

max, M=% 7(x)x
st. h=)ax

The objective function is a regional agriculturadfit (1) function maximizing the product of per unit
marginsz between the price and the costs ofithaetput and the level of each netgutThe objective
function is non-linear sincg's are functions of their realized netput lexelThe problem is solved
subject to a set of technical, political and ecoicoronstraints ¢ ZZ ax ), €.9. land availability, set-

1)

aside obligations etc. and proceeds in two stdgeke first stage, optimal variable input coefficis per
hectare or animal are determined. In the secomg spaofit maximizing cropping patterns and animal
herds are determined simultaneously with a cosimiing feed and fertilizer mix.

In RAUMIS a set of agri-environmental indicatorslisked to agricultural production. Currently, the
model comprises indicators such as fertilizer sigphitrogen, phosphorus and potassium), pesticides
expenditures, a biodiversity index, and indicaforsgreenhouse gas emissions. These indicatorstbelp
evaluate direct and indirect environmental impaaftpolicy driven changes in agricultural production
Regarding diffuse water pollution the indicatortfogen surplus” is of particular importance.

The nitrogen balance in RAUMIS follows PARCOM-guides (PARCOM, 1993) where the soil surface
represents the system border. The long-term nitrdgdance averaged over several vegetation peisods
calculated following the methodology developed bgcB et al. (1997). In order to satisfy nutritional
demands of plants nitrogen is supplied by minezgilizer. Further exogenous sources are symbaotit
asymbiotic nitrogen-fixation, as well as atmospbeatéeposition. An endogenous fertilizer source & th
nitrogen content in manure that is applied in planatduction. Coefficients representing nutrientteois

in manure, as well as utilization factors of plarste taken from the literature and are also pexvidy
experts of the Federal Ministry of Food, Agricutand Consumer Protection. A loss of ammonia during
manure storage and application is assumed at 40%.

The primary demand for nitrogen is based on theianituptake of plants that are removed from the so
during the harvest. As a rule, regional balanceritwbgen supplies and extractions result in atp@si
figure. The positions of the nitrogen balance aewdated by the activity-based framework in RAUMIS
In order to obtain regional input and output posis, activity-specific coefficients are multipliedgth the
level of each activity, e.g., area harvested oedieck units. Nutrient requirements for each crog a
region are based on expected crop-specific yieddsedl as soil and climate conditions and are dated

by linear yield-dependent requirement functions.

The nitrogen surplus represents a risk potentiatesiit indicates the amount of nitrogen potentially
leaching into ground and surface water. Startiognfthese agricultural nitrogen surpluses, hydraalgi
modelling is required in order to get closer to greblem of diffuse water pollution, i.e., charge®
water bodies.

Various factors drive the future development ini@adture and thus determine nutrient surpluseshén t
future and the need for action in the field of i€ water pollution. In order to evaluate furthegional
policies (e.g. agri-environmental measures) aingihg reduction of diffuse pollution, the first stispto
analyse the impacts of expected developments ofdthng factors on nutrient surpluses. Using the
model RAUMIS a baseline is projected until the y2&15 which is a milestone for the implementation
process of the WFD. Important driving factors aegelopments of political framework conditions sash
the Common Agricultural policy (CAP), prices of mgitural products, and “conventional” measures to
reduce nutrient surpluses. Some elements are tbeupkng of product specific direct payments e.g.
livestock and area premiums and the coupling ofneEaygs subject to the compliance of existing
production standards (“cross compliance”). The teagsobligatory set-aside was phased out from 2007



onwards and was cancelled with the decisions onHéalth-Check in 2009Furthermore, the price
support based market regimes of sugar and milk whemged and integrated into a system of direct
payments to producershe regulations on the milk market as well as tleeodpling of livestock
premiums are of importance for the nitrogen suggumtil 2015, because they induce a further dedfn
livestock herds.

Since 2006 the amendment of manure regulation becdfactive which regulates the “good farming
practise” with respect to the application of manweil additives, culture substrates and pesticioles
agriculturally used land. One requirement is theppration of annual nutrient comparison on thesbafsi
the field- stable balance of nitrogen. This balaiscaot allowed to exceed 60 kg per hectare and gka
nitrogen from 2009 onwards taking stable, storawg @utput losses into account and is assumed sn thi
paper to be complied by all farmers.

Since 2000 agri-environmental measures belong dostipport of rural development and help achieve
environmental objectives. Some of these measuresliegctly related to the protection of water badie
and already help to reduce nitrogen surplusesérbtseline. The promotion of renewable energies has
lead to a boom of energy maize as the most favoarep and thus contributes to increases in nitrogen
surpluses. Table 1 summarizes the most importasunggtions for the baseline in 2015 used in the
AGRUM Weser project.

Table 1: Baseline assumptions for 2015

Status quo 2003 Baseline 2015
Fertilizer Regulation Not implemented yet As impéted in 2006 maximum
nitrogen surplus of 60 kg N per ha
Agri-environmental programmes Period 2000 until00 Planned measures from 2006 until
2013
Direct payments Coupled payments for specific Decoupled payments
activities
Obligatory set-aside Obligatory Not obligatory
Market regulation for milk and Price support Reduction of price support and partly
sugar decoupled
Promotion of renewable energies Premiums for englayyt New promotion of energy plants of 23
Euros per ton
World prices As observed Increasing prices foragdtiral
products and inputs
Technical progress Increase in technical perfoo@an

HYDROLOGICAL MODELS

The nitrogen surpluses that are calculated by grewdtural sector model RAUMIS are decisive input
parameters for the hydrological models. Two différehydrological approaches are used: the
GROWA/WEKU modelling system (Wendland et al., 202@04; Kunkel and Wendland, 1997; 2002) for
nitrogen inputs into groundwater; and the MONERI&del (Behrendt et al., 2003) for nitrogen inputs
into surface water. The use of these models within AGRUM Weser project for the analysis of the
necessary reduction loads of nitrogen by agricelhave been described in detail by Kreins et &l1¢2,
Wendland et al. (2010) and Hirt et al. (2008). thors, the hydrological models enable a determimatib
regionally differentiated nitrogen loads into grdwater and surface waters on a high solution scale,
whereas the GROWA/WEKU model uses a 100x100 mmrasietion and the MONERIS model works
with sub-catchments of river basins for spatialohatfon (approximately 1,400 analytical units ireth
present study) on an annual basis. For the caloolaf necessary nitrogen reduction loads, firg th
nitrogen surpluses of RAUMIS are introduced to ghdte the nutrient concentrations for the baseline
2015. Then in a second step a backward calcul&iomade introducing the concentration targets ef th
WEFD into the models as goal variables and evalgatie necessary nitrogen reduction load to mesethe
targets.

COUPLING OF MODELS
The structure of the model network as well as theeraction of the models is a key issue in
interdisciplinary modelling approaches as an adjest of the different spatial resolutions, i.e.,



administrative units in RAUMIS on the one hand gnids/raster cells in GROWA/WEKU or (sub) river
basins in MONERIS on the other hand has to be miada.first step the spatial allocation of nitrogen
surpluses was disaggregated from the RAUMIS “redemm” level (NUTS IIl) to community level
(NUTS 1IV). This was done with data available foe thaseyear 2003 on NUTS IV level which is used to
downscale the nitrogen surpluses in the baselinOitb from NUTS IIl to NUTS IV level. This has
substantially reduced the aggregation error. Iti@dar, the spatial allocation of agricultural thnse and
agricultural nutrient surpluses within region farthat are key data inputs from RAUMIS to the models
GROWA/WEKU and MONERIS has thus been improved. Iseaond step, a prototype of a spatial
allocation module is further developed. The moddistributes observed agricultural land use, in
particular crop shares and farming intensity, fragministrative units to homogenous hydrological
response units. GIS supported model interfacesangpthe exchange of data, parameters and results
between the models.

The process of adjusting the spatial resolutiothefmodels is supported by remote sensing infoonati
Commonly used remote sensing data with classifinatito arable, grassland and forest was avaifalnle
the entire Weser river basin. Due to the high spatisolution of the model network, agriculturatment
reduction measures can also be depicted and adayslee sub-regional level.

DETERMINATION OF MEASURES

In the final step, the necessary measures and dssiciated costs are determined depending on the
necessary reduction load of nitrogen to achieveottjectives of the WFD for groundwater and surface
waters.

In literature various measures are discussed tieagenerally capable to reduce diffuse nutrientHesy

by agriculture. Within a comprehensive literatutevey (Osterburg and Runge, 2007) the ecological
impacts and the capability of technical and orgatrosal water protection measures were recorded for
several criteria. It does not reflect the individcasts of a measure on farms, but rather represearage
values. For this study eight measures of agricaltwater protection are selected that are well pteck
among farmers (compare Table 2). The selected mesageature substantial differences with regard to
their impact on water quality and related costsasbe seen with the minimum and maximum impact or
the minimum and maximum costs of applying the messu

Table 2: Selected agri-environmental measures favater quality protection

Impact on N Costs

Measure: surplus ) n _

No application of organig

fertilizer after harvest 30 (20-40) 20 (10-30)
Intertillage 20 (0-40) 80 40-110
Groundwater protective

application of dung 25 (10-40) 25 15-35
Extensive grassland

production 30 (10-60) 100 80-150
Promotion of extensive

farming 40 (20-60) 70 50-150
Reduced mineral fertilizer

in cereal production 30 (20-40) 80 50-300
Cultivation of turnip rape 10 (0-20) 60 -
Organic farming 60 (30-120) 170 80-200

Source: Selection was made on the data provid€osilgRBURG ANDRUNGE, 2007

The calculation of additional measures to meetréupiired regional reduction demand proceeds in two
steps:



1. Regionally differentiated maximum reduction putals of each measure are estimated depending on
the specification and requirements of each meadtwe.example, the measure “intertillage” is only
applicable after cereal or oilseed production.

2. The maximum potential of nutrient reduction veasnpared to the reduction demand to achieve the
WEFD targets. Afterwards the level of each measuas determined so that each measure contributes
comparably according to its potential to the reegiinutrient reduction.

From the measures in Table 2 organic farming has beft out at first, because its extension carot
easily realized, and because even if organic famusived higher incomes during the last years than
conventional farms conventional farmers are sgluctant in Germany to transform their production.
Solely in regions where the full application of rmages is not sufficient, an extension of organienfag

was considered to achieve the water managemesetsarg

Depending on land use and cropping patterns in 2@58d on the RAUMIS baseline results, the amount
of measures that could possibly be applied on tha & each county is determined. Depending on the
individual impact on nitrogen surplus of each measucombination of the eight measures is seldoted
each county specifically. We then apply sensitigitalysis to better validate model results.

3. Results
Results of nitrogen surpluses in 2003 and expectsdrpluses in 2015

In the Weser River Basin similar effects of theugtibn on nitrogen surpluses are expected as om&er
average during the coming years due to impacthepblicies and expected developments of prices and
yields as described with the assumptions of theellves above. The average N-surplus (without
atmospheric decomposition) declines from 70 kg Nhaeagriculturally used area (UAA) by around 9 kg
per ha UAA. An overview of the regional developngeaf N-surpluses in the river basin Weser on the
basis of the baseline projection is depicted inufédL.

in kg N per
hectare

|:| <50

[

e baseline scenario 2015 (righty (k

N/hectare UAA without atmospheric deposition); Keeet al. 2010.

For the analysis of possible impacts of the nitrogaake into groundwater in the baseline scenafio
2015, the N-surpluses from agriculture calculatgdRBAUMIS as well as the atmospheric deposition of
nitrogen were input quantities for the models GROQWEKU and MONERIS. To be able to directly
compare the nitrogen intakes calculated for 2008 2015 respectively, all model parameters of the
hydrological models have been kept constant. Thimainly related to climate parameters that driee t
water balance (precipitation and potential evaponiand to a regional distribution of land useughthe
nitrogen concentration in the leachate could beutaied on the basis of long-term hydrological ngean



With the implementation of the nitrogen surpluséshe baseline scenario a reduction of 40 mg; l¥ér
litre to 30 mg NQ per litre on average is calculated for the Wes$egrrbasin from 2003 to 2015.
However, model results also show that a lot ofargiwill still face nitrogen concentration of ov&d mg
NO; per litre in 2015. In the South and East areashef Weser river basin that are dominated by
agriculture the reduction of nitrogen concentratggnerally amounts 10 to 25 mg MN@er litre. A
reduction of 50 mg N@per litre and more is noticeable in areas charazet by intensive livestock
farming in the Western part of the Weser river basi

As expected the reduction of nitrogen intake intougdwater is especially noticeable in regions wher
groundwater recharge and run-off is the dominamivfcomponent. For this reason reduced nitrogen
intakes can be found especially in the North ofriier basin, generally in the range of 10 to 25\kger

ha and year.

The nitrogen intakes into surface water bodiesOb52are about 75.700 t/a taking into account thevab
described changes of the baseline scenario andhasereduced by 17 % in 2015 in contrast to the
situation in 2003.

Necessary nitrogen reduction loads for meeting th&/FD

The projected nitrogen surpluses and nitrogen legdn the baseline scenario have been evaluatdd wi
respect to the management objectives for achieiegyood status of water bodies according to Artil

of the WFD. The management objective for good egiol status of groundwater bodies is set to 5d mg/
of nitrogen in groundwater (groundwater regulati®d®06/118/EWG). For surface water bodies the
preliminary objective is 3 mg N/l at the gauge @&rhklingen (close to Bremen) for the Weser riveirbas
considering coastal protection.

The potential “hot spot” regions as well as theassary need for action for additional measuresdetm
the objectives are simulated with the models GROWEBKU and MONERIS. As an appropriate
approximation the objective of 50 mg N@er litre in groundwater is assigned to an avetagg-term
nitrate concentration of 50 mg per litre in thecleate which is reflected in the models. With this
procedure it can be assured that the value forrghlwater is below the target value due to further
denitrification processes or the target value igast met.

The potential nitrate concentration in the leaclmizalculated area wide for long-term averagegsdas
the nitrogen surplus level of 2003 and quantified éxpected N surpluses for 2015 from the baseline
scenario, respectively. In order to achieve thgdbwvalues for groundwater the maximum nitrogen
surpluses are determined by applying a backwacllzdion under the assumption of a constant average
leachate rate and a constant denitrification pa@kwf the soil. These maximum N-surpluses lead to
regional nitrate concentrations in the leachateexoeeding 50 mg per litre in the year 2015 comside
atmospheric N Deposition, N inputs of non-agrictdtly used areas and denitrification processedef t
soil. The required nitrogen reduction can then beved by comparing the maximum values with the
calculated N surplus in 2015.



kg N / hectare AA

| SR k) TSR TS R R i |
— =

s 4
]~ 4 J
H [s
H = s w-*" A/J S *
*| Diese Kme_gmeme g:nr}raum ;e Ubersicht up:»s far £ A
klemmumigs Analysen nur.ciigeschran ltausuagefahlg ¢ )
s EETT St To |

Figure 2: Required reducuon of N- surpluses to avlki a nitrate concentration of 50 mgl/litre for
groundwater (kg N/hectare UAA,; baseline scenaria®)0

Figure 2 displays the nitrogen reduction demand&NbA'S IV level for groundwater only for the case
that the management objective of 50 mg;N§@r litre is transferred to each grid cell. As Wd&-D
requires actions for the entire water body andawdy for single agriculturally used grid cells, axge
values over all agriculturally used grid cells &a&en for the presentation of reduction demandss It
obvious that taking into account this compensagffact between agricultural used areas yet lead to
decrease of the reduction demand. For the entireeWéver basin this yields a nitrogen reductiomeed

of 23,000 tonnes per year. This is equal to anameenitrogen surplus reduction of 19 % whereby the
reduction might be regionally very different.

Cost analysis of possible agri-environmental meases

Finally the measures are determined that resuixactly the necessary reduction load describedebov
Table 8 shows the average results for the Weser basin and the results of the sensitivity analgéithe
impacts and costs of agri-environmental measurksileting measures with the maximum or minimum
impact or cost respectively.

In the calculation first, the levels of measurefutéil ground water targets have been determitiedn the
additional amount to also fulfil the surface watmrgets have been added. Table 3 shows the suth of a
measures to meet groundwater and surface watastsailg total a measure combination that amounts to
about 1.4 million hectares are necessary that wagdire a funding of about one hundred million d=ur
Obviously the results are varying depending orrdimge of the minimum and maximum impacts and costs
per hectares. Thus depending on the actual impaeach measure the total area with necessary nasasur
can vary from 900,000 hectares to 2 Million hectaf@osts vary between 55 million to 162 million &ur
respectively. Annex 1 shows the results of varyiagts for each measure respectively.



Table 3: Areas and total costs for selected agringironmental measures (Minimum and Maximum
areas and costs by varying the possible impacts dhsurplus as in Table 1)

Total Area in Total costs
in Weser

Measure: ‘Weser basin (min-max) basin (min-max)
(‘000 hectares) (‘000 Euros)

106 81-113 1,587 1,215- 1,688

No application of organig
fertilizer after harvest

Intertillage 445 307-624 35,637 24,558-49,926
Groundwater protective

o 125 85-175 3,740 2,551- 5,24
application of dung
Extensive grasslan 105 72-143 1,418 796- 2,98¢
production
Promotion of - extensive 106 69-163 7443 4,843-11,434
farming
Reduced mineral fertiizey 209 145-292 16,734 11,564-23,40D
in cereal production
Cultivation of turnip rape 179 123-250 10,730 7,407-15,000
Organic farming 99 10-304 16,753 1,716-51,758

54,650~

Total 1,374 893- 2,064 94,042 161,442

Source: Own calculation

A comparison with other subsidies for agricultur®ws that farmers in the Weser river basin receive
around 1.5 billion Euros of direct payments. Conmgarthis to the costs of 100 million Euros of
agricultural measures to achieve a good groundvesddus, this is just 5 percent from the directnpants.
However, the share of cost for measures to diraginents is varying a lot between the different ¢i@sn

of the Weser river basin. Figure 3 displays theel@direct payments to calculated costs on th&@ SlU
regional scale. The shares vary greatly with soowniies even reach shares of cost to direct pagmnt
up to 40 percent, especially in the Western pdrth® Weser River Basin.

Share of costs to DP
Share (%)

| ]o00-22

| 123-52

53-9,2
9,3-18,5
18,6 - 36,2

Figure 3: Share of costs for additional measureditect payments on NUTS lll level

Regarding the cumulative distribution of costs Ipgiit can be seen that around 60 percent of thetiesu
only have to pay 10 Euros per hectare or less &t the targets of the WFD (Figure 4). The highests



per hectare in the Weser River Basin calculatethashare of the total agriculturally used area AUA
are 99 Euros per hectare. Only ten percent of eeamtould have to pay 40 Euros per hectare or more.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% of counties

0O 10 20 30 40 50 60 70O 80 9 100 >

Costs per ha UAA

Figure 4: Cumulative distribution of costs per hgrigulturally used area (UAA) to fulfil the WFD for
each county.

It is obvious that not only a difference exits be#én the costs and impacts of the different meashrgs
also a high heterogeneity exist between the diffeoeunties analysed, as the impact of each measure
depends on regional peculiarities, but also thé¢ fooseach measure depends on the cropping pattéens
importance of livestock and other local charactiess

“To evaluate the regional characteristics and tingacts on the validity of the results we evaluate
measure as an example to further regionalise impatd costs for future analysis. We test the effiéct
the measure of grassland extension in each couititythe RAUMIS model on the NUTS Il regional
scale.

If we introduce a premium for the expansion of egitee grassland successively in five steps. The
expansion of extensive grassland is regionallyedifit depending on the marginal cost of extensive
grassland production in each county. The marginatscvary depending on the amount of grassland in
each county, on the share of grassland to totatwdgrally used area (UAA) and on the amount of
livestock.

By varying the amounts of premiums for extensivasgtand we are able to simulate supply curves that
can be used to differentiate the costs of measareach county. Figure 4 shows the supply curveslfo
counties in the Weser River basin.
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Figure 5: Supply curves of extensive grassland petidn in the counties of the Weser River basin.

Result show that with an additional premium of 2B0ros per hectares the expansion of extensive
grassland is still not lucrative in 25 percenthd tounties to expand this measure.

4. Discussion
Altogether, results for the Weser River Basin shbat it is of utterly importance for the evaluatioh
water management strategies within the scope ofMRB to set up and apply hydro-economic modelling
networks to be able to evaluate the impacts asagedbst of measures on a regionally differentibtesis.
With one agricultural and two hydrological models were able to calculate the nitrogen inputs and
concentrations in 2015 as well as necessary regtuatnounts of nitrogen surplus.
Results further show that measures to fulfil thedystatus of water to reach the objectives of tHeDW
would take up a range of 50 to 100 million Eurosohtwould make up around 5 percent of current direc
payments. For decision making processes it is timmortant to evaluate the costs relatively to other
payment in agriculture as well as other sectors.
Furthermore, measures have to be regarded regioddferentiated. For an economic analysis it is
important to implement cost-effective measures.tpow, it is very difficult to differentiate costand
impacts of argri-environmental measures as handyydata is available from field experiments. Witle t
help of linear programming models we could showt tthiéferent marginal costs for measures exist
between regions. For future research it is necgssarstimate marginal costs for various measundst@a
integrate these into the water management plattediVFD.
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Annex: Areas and total costs for selected agri-emdnmental measures (Minimum and Maximum
areas and costs by varying the possible costs of aseires as in Table 1)

Total Area in Total costs
in Weser

Measure: ‘Weser basin (min-max) basin (min-max)
(‘000 hectares) (‘000 Euros)

99 - 1,587 988- 2963

No application of organig
fertilizer after harvest
Intertillage 426 - 35,637  17,039- 46,857
Groundwater protective

o 119 - 3,740 1,778- 4,149
application of dung
Extensn_/e grassland 99 i 1418 1,062- 1,991
production
Promotlon of extensive 101 ) 7,443 5.070- 15,211
farming
Reduced mmera[ fertilizer 200 i 16734  10,010- 60,06
in cereal production
Cultivation of turnip rape 171 - 10,730 10268
Organic farming 72 - 16,753 5,779- 14,449
Total 1287 - 94,042 155,948

Source: Own calculation
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