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Abstract: The EU-Life-project ´Water Resources Management in Cooperation with Agriculture (WAgriCo)´ outlines and implements voluntary water protection measures to reduce diffuse nitrogen (N) pollution from agricultural activities in accordance with the EU Water
Framework Directive (WFD). Outcomes of the ongoing project are presented in this paper.
Well proven action-oriented agri-environmental measures, in combination with an innovative
result-oriented approach that rewards increased N-use efficiency, are tested within pilot areas
in Lower Saxony, Germany. The objective of the project is a successful combination of two
different approaches to reduce N losses from agricultural activities and to increase costeffectiveness. To improve the water quality of ground and surface water it is necessary to reduce leaching, especially under arable land, and to reduce the N surpluses as far as possible.
This paper describes two related tasks of the WAgriCo project (NLWKN, 2006): one is to
select agri-environmental measures in terms of water protection and optimise their allocation
in the study area, the other task is to simulate the current pressure of agricultural nitrogen pollution on groundwater and postulate the required reduction of N-leaching to reach an adequate, ecological target level.
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INTRODUCTION

Germany’s water-related agri-environmental policy for implementing the EU Water Framework Directive (WFD; EU, 2000) consists of basic measures such as the implementation of
the EU Nitrates Directive through the Fertilising Ordinance with mandatory standards for nitrogen use in agriculture. Beyond the level of good farming practice, voluntary agrienvironmental measures with compensation payments are promoted as supplementary measures. The selection, design and implementation of water protection measures in Germany are
within the responsibility of the federal states. Water protection measures can be implemented
through EU co-financed schemes within the Rural Development Plans, as well as independently from the EU with regional or local funding, the latter mainly in water protection areas. A
key problem for implementing the WFD in Germany is diffuse pollution resulting from a high
nitrogen surplus of the farming sector, and nitrate leaching into the groundwater.

For co-financed agri-environmental measures, the EU sets the general objectives and provides
rules for administrative procedures for design and implementation. Design of measures is restricted in terms of maximum payments, calculation of payments, controllability and the duration of at least five years. The EU regulation provides a wide scope for the content of supported measures. For EU co-financed measures, the incorporation into the Integrated Administration and Control System (IACS), which was created for direct payments of the so-called
first pillar of the CAP, is mandatory. This includes precision in determining the size of eligible area, and a minimum number of on-the-spot controls per measure at a rate of 5 % of beneficiaries (Nitsch et al., 2005). While the payments to the farmers are EU co-funded, administrative costs for agri-environmental programs have to be borne entirely at the member-state
level. For member states and regions with limited administrative personnel, measures with
low costs for administration and control are thus more attractive. Today, there is a dominance
of standardised, horizontally-offered action-oriented agri-environmental measures (AEM)
with flat-rate payments (Osterburg and Runge, 2006).
Research activities support the policy decision process for the implementation of WFD. The
development of model tools is still the weakest area of the modelling (Lindenschmidt et al.,
2007). First steps in this direction have already been realised in a project conducted in the
river Ems basin and sub catchments of the river Rhine basin. In these projects, a combined
emission model was developed by coupling results from N-balancing using data from agricultural statistics with the hydrological model GROWA (Kunkel and Wendland, 2002), the
DENUZ model approach (Kunkel et al., 2004) for assessing denitrification rates in the soil
and the reactive nutrient transport model WEKU for groundwater (Kunkel and Wendland,
1997). Further developments in agricultural N-balancing are described by Schmidt and Osterburg (2006). The modelling in the ongoing WAgriCo project (NLWKN, 2006) is based on
these experiences and outcomes are presented in this paper.
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OBJECTIVE

The WAgriCo project investigates an innovative program of voluntary measures. Ecological
effects as well as the economic impacts are analyzed using a spatial modelling approach. The
WAgriCo project outcomes demonstrate a new strategy that deals with measure combinations
and considers both the agricultural structures regarding the farm management systems as well
as natural site conditions. Objective of this paper is to describe the combined agroeconomicalhydrologic modelling approach that can be applied for macroscale areas. It is a powerful tool
to analyse the actual pollution loads and ´hot spot´ areas and predict the impact of reduction
measures.
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METHODS

The central objective of the WAgriCo project is to define, select and develop cost-effective
measures or measure combinations having a high ecological impact to reduce the nitrate load
to groundwater that can be easily integrated in the farming process. Therefore, an approach
has been chosen that deals with action-oriented measures on the one hand, and a new resultoriented measure on the other hand (Schmidt et al. 2007). The first step – how to allocate action oriented measures – is the content of this paper.

Selection and allocation of action-oriented measures: 49 farmers in Lower Saxony, Germany,
signed an agreement in autumn 2006/ spring 2007 to participate in WAgriCo water protection
measures. The specific water protection measures are restricted to vulnerable zones. All of
them have their farm land in target areas with high nitrogen surplus within one of three selected project areas. The project farms differ considerably, ranging from intensive livestock
farming to cash crop. The farmers could sign contracts for eleven selected action-oriented
measures targeting green cover crops over the winter and on the use of improved techniques.
The management conditions can be easily applied. As the cost will not vary substantially between farms and regions for those measures requiring additional operations or inputs without
major impacts on land use and productivity (e.g., green cover crops with additional cost for
seeds and establishing the crop) flat-rate payments were defined. The selected measures are
easy to control and achieve a good ecological effectiveness as the required farm activities are
strongly linked to the desired ecological effects. Farmers participate with about 1,300 ha contract area. After a final discussion between farmers, advisors and other experts, the nine most
appropriate action-oriented measures were defined and proposed for further promotion:
1

Catch cropping after harvest (winter-hardy, late ploughing)

2

Catch cropping after harvest (standard)

3

Three-year fallow with active greening

4

No soil tillage/ploughing in autumn after maize/sugar-beet

5

Restrictions for farm manure application in autumn (application only to catch crop,
rape, grassland with time restrictions)

6

Improved slurry application techniques (to winter cereals, winter rape, grassland)

7

Turnip (brassica rapa sylvestris) as catch crop before winter cereals

8

Reduced tillage of volunteer rape seedlings

9

Organic farming according to Council Regulation (EC) No 834/2007

These measures were used to simulate the potential regionalised effect of N-reduction strategies. Four scenarios have been calculated and will be presented at the conference (final results
are not ready for publication yet). The scenario simulations, using an LP model, calculate the
environmental effect and corresponding financial resources for each sub-region and summarize the single values. In the first scenario A, the ecological effect of measures is maximised
and no financial restrictions are specified. In scenario B the maximum ecological effect is calculated at a given budgetary maximum for the selected voluntary measures, scenario C deals
with the required N-reduction according to the ecological modelling results and calculates the
corresponding budget, and scenario D is focussed on the regional allocation of measures with
given restrictions of N-reduction, budget and acceptance. The acceptance represents the estimated percentage of farms that participate in the water protection program. Study region is
´Lower Saxony´ which is located in the north-western part of Germany. The agricultural land
use is about 2.8 mio. hectares.
Modelling nitrate flow through the soils: Denitrification losses in the root zone are calculated using Michaelis-Menten kinetics with the DENUZ model (Kunkel and Wendland, 2006)
as a function of diffuse N-surplus; denitrification conditions and related maximal denitrification rates per year, and the residence time of percolation water in the soil. The maximal denitrification rates have been assessed on the basis of observed denitrification rates in German
soils (NLfB, 2005) according to their geological substrate, the influence of groundwater and

perching water and the average residence time of perching water in the soil as differentiation
criteria.
The coupling of the N-surpluses occurring in the soil after denitrification with hydrological
input pathways is carried out based on the grid-based water balance model GROWA (Kunkel
and Wendland, 2002). The model was developed to support practical water resource management issues of large river basins, and has already been applied in different regions of different
sizes with different perspectives (Bogena et al., 2005; Kunkel et al., 2005; Tetzlaff et al.,
2007; Wendland et al., 2005; Wendland et al., 2007; Wendland et al., 2003). It employs an
empirical approach with a temporal resolution of one or more years. Annual averages of the
main water balance components in mm/a have been quantified as a function of climate, soil,
geology, topography and land use conditions. The calculated total runoff can be separated into
direct runoff (i.e., surface runoff, interflow and drainage runoff) and groundwater runoff
(Wendland et al., 2007). Percolation water rates are modelled as mean long-term averages by
subtracting mean long-term surface runoff rates from total runoff. Based on the calculated
percolation water rates, N surpluses and denitrification rates in the soil, the nitrate concentration in the percolation water can be calculated directly.
Input data of the geohydrological model approach: A prerequisite for the integrated modelling is the compilation, updating and harmonizing of a digital data basis for the study region.
The agrarian statistical data necessary to run the N-balancing model were provided by the
Federal Ministry of Food, Agriculture and Consumer Protection or taken from the literature.
The input data for the GROWA and DENUZ model, i.e., data on climate, topography, soil
cover, soil parameters, hydrogeological parameters, water quality and groundwater bodies,
have been made available for the entire federal state of Lower Saxony and the German Meteorological Service. Many of these parameters were derived from digital maps, whose scale
ranged from 1:50,000-1:200,000.
General description and visualisation of the modelling approach: Figure 1 shows one virtual region with 24 subregions. Six illustrations of this region represent the ecological situation of nitrogen balances or nitrate concentrations in the seepage water. First of all, the current
situations of nitrogen balances were calculated for each subregion (1) (comp. Schmidt and
Osterburg 2006). The nitrate concentrations were simulated in the next step (2), using Nsurplus of step (1) and information about land use, soil and climate. Each region with more
than 50 mg/l of potential nitrate concentration is included into the target area for implementing water protection measures. Step (3) highlights the target area and the ecological objective
of 50 mg nitrate per litre. Within the target area, a recursive calculation provides the maximum of tolerable N-surplus (4) depending on soil conditions and precipitation, followed by a
simulation study of the implementation of measures (5). Some regions can be brought into a
good ecological state of ≤ 50 mg/l after implementing measures (6), others fail the target so
that additional measures are required.
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Figure 1: Regional modelling approach - from nitrogen balances to the nitrate concentration
in seepage water and vice versa

Further steps could be new action- or result-oriented measures, an increase of advisory services as well as legal consequences such as stricter regulatory laws.
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RESULTS

The presentation of the results is divided in two chapters. One presents the outcome of
the simulation of action-oriented measures and the other describes the design of the hydrological modelling approach.
The measures selected are specified in Table 1. Costs are the amount paid out to farmers for
implementation (governmental transaction costs such as costs of administration are not considered yet). The ecological effect reflects the potential N-reduction of the measure. Consequently there is a calculated cost-efficiency for each measure. The specifications about acceptance are expert-estimations and reflect the ratio of participation at the potential area after
three years of promotion.

Table 1: Costs and ecological effects of selected action-oriented measures
Measure
costs
ecological
costeffect
effectiveness
[€/ha]
[kg/ha]
[€/kg]
1 Cover cropping (winter-hardy)
120
30
4
2 Cover cropping (standard)
80
30
2.7
3 Follow with active greening
120
55
2.2
4 No soil tillage/ploughing in autumn
25
8
3.1
after maize/sugar-beet
5 Restrictions for farm manure applica15
15
1
tion in autumn
6 Improved slurry application tech35
13
2.7
niques
7 Turnip as catch crop before winter
60
20
3
cereals
8 Reduced tillage of volunteer rape
40
15
2.7
seedlings
9 Organic farming
170
45
3.8

acceptance
[%]
45
70
90
30
30
45
15
15
3

These numbers represent the most probable values of the whole study area on average resulting from an extended expert discussion. Measure 5 has the best cost-effectiveness of 1 €/kg.
This means that each Euro of expense reduces the N-losses by one kilogram. The range of
cost-effectiveness on this list also includes the cover crops which demand four Euros per 1kg-N-reduction. The LP-model allocates the most effective measures to the available area.
Projections will be presented at the conference.
The LP-Emission model characterizes the present status of the N-emissions to groundwater
and for the study area of the WAgriCo project. All input data have been presented and discussed with local stakeholders and have been approved.

Modelling the potential nitrate concentrations in the leachate: Percolation water rates,
nitrogen surpluses and nitrate degradation rates in the soil are used for the calculation of nitrate concentrations in the leachate. First results show high concentrations of 150 mg NO3/l
and more (see conference contribution by Kunkel et al., 2008). This is due to the intensive
agricultural use, i.e., high N-surpluses. Especially in sandy areas, significant denitrification in
the soil is not possible, thus leading to high nitrate concentrations.
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CONCLUSION

The modelling approach delivers an economic and ecological projection of agri-environmental
measures at a large scale. It is determined by expert knowledge, project results about measures
effectiveness and the model in use itself. The outcomes show the most appropriate adaptation
of the selected measures, and also steps for optimising programs of measures with limited
public financial resources.
Until now, few attempts have been made in Germany to substantially change the existing system of voluntary horizontal action-oriented measures with flat-rate payments despite several

recommendations from economists. Once having introduced this system, path-dependency
might play a role, as well as expectations that administrative costs (public transaction costs),
would increase when changing the existing system. Furthermore, there is a risk of higher decision-making costs and lower acceptance of voluntary measures. If EU requirements are not
complied with completely, there is also the risk of disallowances regarding EU co-funding,
thus leading to less willingness of public administrations to test innovations.
The ecological effectiveness of water protection measures in conjunction with levels of payment and the corresponding acceptance by farmers were evaluated in the WAgriCo project.
Further steps involve an analysis of administrative costs of the approach as well as of the multiple objectives of most agri-environmental measures and the quantification of their contribution. For example, reduced tillage does not only influence the nutrient turnover but also reduces soil erosion. This should be evaluated in an integrated approach. In addition, a resultoriented approach (Runge and Osterburg, 2007), combined with an advisory service, is in discussion in the WAgriCo project. Within the ongoing project, the ecological modelling approach will not only calculate the current and tolerable N-surplus-level but also the effects of
the measures implementation.
As the discussions on environmental targets proceed, it may be necessary to modify the trigger
value of 50 mg NO3/l in percolation water depending on the agricultural and hydrological site
conditions in the groundwater bodies. In general, however, this procedure is perceived to be
particularly innovative since the political relevance of conclusions of this type of approach is
gaining importance for better spatial targeting of measures, and the accuracy of recommended
environmental policy instruments is improved.

Acknowledgements: The WAgriCo project is supported by the EC instrument ´LIFEEnvironment´ (DG Envi)., It does not, however, necessarily reflect the views of the European
Commission and in no way anticipates the EU’s future policy in this area.
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