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Abstract. The water supply of the North Sea islands has relied in the past on the exploitation 

of the freshwater lenses. As a result of an increasing demand during the last decades, salt 

water intrusion has become a more severe problem. Geologists and engineers often succeed in 

the application of effective practices in the prevention of saltwater intrusion. These are 

sometimes inhibited by environmental protection interest groups. The ecologists’ concern is 

that critical groundwater-dependent ecosystems may be damaged by lowering of groundwater 

drawdown. The use of alternative water resources will multiply the price of tap water. The 

specification of alternative water supply systems, e.g., desalination or long distance transport 

by pipelines often has decisive negative effects on the environment as well. Hydrogeologists 

and ecologists should investigate in detailed groundwater dependent ecosystems within 

interdisciplinary projects in order to develop new concepts for sustainable groundwater 

exploitation. The water extraction regime should be dynamically adapted to local 

meteorological and ecological constrains on one side and public water demand on the other 

side. 
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1. INTRODUCTION 

In this paper we would like to open a discussion on an innovative approach for sustainable 

groundwater exploitation within nature reserves at dune sites, especially on islands of the 

European North Sea. This contribution responds to the request made during the recent Salt 

Water Intrusion Meetings to discuss more ecology related issues in addition to the classic 

topics of modeling and geophysics. 

The water supply of the North Sea islands has relied in the past on the exploitation of the 

freshwater lenses. As a result of an increasing demand during the last decades, salt water 

intrusion has become a more severe problem. Geologists and engineers often succeed in the 

application of effective practices in the prevention of saltwater intrusion. These are sometimes 

inhibited by environmental protection interest groups. The ecologists’ concern is that critical 

groundwater-dependent ecosystems may be damaged by lowering of groundwater drawdown. 

The use of alternative water resources will multiply the price of tap water. The specification 

of alternative water supply systems, e.g., desalination or long distance transport by pipelines 

often has decisive negative effects on the environment as well. 

About one hundred years ago, the North Sea islands became holiday destinations and an 

appropriate infrastructure was developed. During 2010, e.g., the island of Sylt with its 12,000 

inhabitants faced 6.6 million overnight stays and up to 100,000 day-trip visitors on a single 

day. Tourists and related commercial activities result in decisive seasonal differences in water 

demand. Water demand is highest in July and August, and decreases towards autumn and 

winter.

Large areas of the islands’ landscapes are nature reserves protected by regional, federal, 

European and United Nations environmental legislation. This is especially true for the islands 

covered by dunes. Habitats of the dune landscape are characterized by their local hydrological 

boundary conditions. From the head of a dune down to the dune slack, the amplitude of short-

time fluctuations of various parameters decreases. Aquatic plant associations cover the dune 

slacks. Areas where ponding occurs, e.g., Litorella uniflora association or fen-type plant 

communities may develop. These plant communities are classified in general as associations 

which continuously demand water level at ground surface or above. For survival soils have to 

be wet during whole year with a special emphasis on spring for recovery, vegetation growth 

and reproduction. Not only flora demands ponding during spring; e.g., the natterjack toad 

spawns as soon as temperatures rise and water patches develop even in furrows. Within a few 

weeks the spawn develops and after metamorphosis of polliwogs the animals leave the 

aquatic habitat.
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2 RESULTS OF INVESTIGATIONS

We monitored and investigated groundwater and surface water levels at several sites 

characterized by shifting sand dunes. The time series were extended by simulation of 

groundwater dynamics using a calibrated and validated numerical Feflow-model taking into  

Figure 1: Groundwater level and public water demand over a 9 years period 

account density driven flow. The ecosystems on the islands of the Northsea develop under a 

pronounced non- uniform hydrological balance. Following the seasonal pattern of rainfall and 

evapotranspiration significant groundwater recharge occurs only during autumn and winter 

months. This regime results in high groundwater tables from late autumn to spring, and low 

water levels during late spring and autumn. In summary, natural dynamics of groundwater 

tables and temporal regime of distribution of drinking water exhibit an opposite trend in the 

course of the year (fig. 1). The two sinusoidal curves differ from each other by the season of 

maximum groundwater levels. 

Hence the task to be solved is to balance sufficient groundwater extraction with negative 

impact on local ecosystems.  Both aspects are assigned a high value also by legislation. This 

conflict often results in a limitation of groundwater exploitation. Commonly authorities 

restrict groundwater extraction to a maximum draw down level. The threshold values are 

often based on very general considerations. A more sophisticated approach is described by 

Petersen et al. 2003. The researchers recorded groundwater regime below different plant 
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communities. They derived a threshold value (critical minimum) by calculating the median 

between the mean groundwater level and the mean of the lowest three groundwater levels of a 

specific time series. This critical minimum is defined as the threshold value, below which 

plant communities will experience severe damage, when occurring regularly and for long 

periods. Petersen et al. (2003) claim that water works should set up their exploitation scheme 

taking into account the critical minimum as threshold value for maximum draw down of 

groundwater table. 

Figure 2: Groundwater level, level of ground surface which equals critical minimum of plant 

association and calculated groundwater level of a extraction scenario 

Figure 2 display groundwater level for a period of 10 years as well as the level of ground 

surface. Mapping of flora and fauna was performed by a team of biologists. At the monitoring 

site the identified plant association is characterized by a critical minimum of 0 cm. A critical 

minimum of 0 cm means, that the whole soil profile should be continuously saturated by 

water up to the surface. The times series of groundwater level reveals a pronounced 

fluctuation down to 0.60 m below soil surface. In order to dissolve this contradiction further 

investigations are requested. 

When setting up the hydrogeological model the experts have taken into account a less 

permeable layer if the thickness was at least 0.2 m. The recorded soil profile exhibits a silty 

and clayey layer between 2.60 m and 2.70 m below soil surface. With respect to the whole 

island this layer may not influence the overall hydrology, but the fine textured layer may 
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attenuate the influence of rising and falling ground water table. The following components of 

the local soil hydrology contribute to ensure high soil humidity even during periods of low 

groundwater table: 

precipitation, dew, interception, evaporation, boundary layer, cover of soil, usable field 

capacity, root zone, transpiration, capillary rise, water saturated and unsaturated lateral flow, 

hydraulic lift. 

3 RECOMMENDATIONS

In case investigations on salt water intrusion are part of an environmental impact study and 

groundwater dependent ecosystems are located within the investigation area a detailed study 

of the hydrology of the soil and the soil–plant-atmosphere-continuum should be obligatory. 

We propose here a dynamically adopted water extraction regime. The adoption should be tied 

to meteorological and ecological constrains on one side and public water demand on the other 

side. 

The flora and fauna need high soil humidity and open water surface during spring (e.g., 

flowering, seed production, spawn, development of polliwog). Highest demand for drinking 

water covers July and August. In summer most years groundwater level is below critical 

minimum, and most times below root zone of vegetation. During this period additional 

drawdown of the groundwater table will not inflict further damage to the ecosystem. Public 

water demand during winter season allows for an extraction scenario sufficiently low to 

warrant replenishment of the aquifer ensuring spring time water availability for flora and 

fauna. Application seems to be restricted to areas of sandy soils where a significant time lag 

between rainfall and groundwater recharge can not occur. Usually, restrictions imposed on 

groundwater extraction by a sustainable use of the freshwater lense (preventing saltwater 

intrusion) are partly coincidental with ecological requirements. 

To develop an appropriate extraction scenario, application of validated, density dependent 

groundwater model is crucial. Output of the model may be used as boundary conditions for 

soil water dynamics, which should be studied in detail. The concept of ‘critical minimum’ 

may be refined and developed further. With respect to waterworks future studies should aim 

at an automatically controlled groundwater pumping based on a network of devices, which 

automatically measure, record and transmit, e.g., groundwater level and electric conductivity 

data.

Petersen, J., Pott, R., Janiesch, P. & Wolff, J., 2003. Umweltverträgliche 

Grundwasserbewirtschaftung in hydrogeologisch sensiblen Bereichen der Nordeseeküste.

Husum Druck- und Verlagsgesellschaft. 
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