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ABSTRACT 
The Frisian Islands, located in the Wadden Sea area of the North Sea, are popular tourist 
destinations during the summer season. Water supply on many islands relies on the local 
extraction of groundwater from freshwater lenses. On some, where the subsurface 
formations are not permeable enough or the lenses are too fragile, water is supplied from the 
mainland via pipelines. The economy of the islands mostly relies on tourism. The high 
seasonality of this business and the elevated water demand of tourists stress the limited water 
resources. This study compiles basic data on tourism and water supply on the Danish, 
German and Dutch Friesian Islands. 

INTRODUCTION 
The Frisian Islands are a chain of geologically young barrier islands located at the rim of the 
tidal Wadden Sea area of the North Sea (Figure 1). They are mostly composed of 
unconsolidated quaternary sediments. Extensive intertidal mudflats separate them from the 
coast (3 to 10 km distance). The morphology is dominated by mostly Holocene dunes.  
 

 
 Figure 1.  Location map of the Frisian Islands (shaded box).  

D = Germany, DK = Denmark, NL = Netherlands 
 
The island of Helgoland (Heligoland) has a geologically different origin. It is the only island 
composed of consolidated rocks (Triassic Bunter sandstone) which were pushed to the 
surface by halokinetic processes. 

24th Salt Water Intrusion Meeting and the 4th Asia-Pacific Coastal Aquifer Management Meeting, 4 –8 July 2016, Cairns, Australia

15

Table of Contents
for this manuscript



RESULTS 

Groundwater on the Frisian Islands. 
Rainwater infiltrating into the permeable dunes forms freshwater lenses which rest in 
dynamic equilibrium on top of the saline groundwater. Lenses can have freshwater 
thicknesses of up to 90 m (Norderney, Sylt) but thicknesses of 20 to 30 m are more common. 
Some islands have several lenses, e.g. three of them are found on Langeoog (Houben et al. 
2014).  
 

Tab. 1 Base data on water supply and tourism on the Frisian Islands 
Island Country Source 

of water 
supply 

Groundwater 
extraction 
(current) 
[m³/a] 

Permanent 
inhabitants 

Overnight stays 
per year 

Fanø DK gw 340,000 3,260 965,000
Mandø DK mp 0 40 ?
Rømø DK mp, gw 5,000 600 1,200,000
Sylt D gw 2,800,000 20,850 5,400,000
Föhr D gw 1,080,000 8,600 1,600,000
Amrum D gw 270,000 2,240 1,200,000
Pellworm D mp 0 1,160 160,000
Helgoland D dsl, bgw (100,000)* 1,360 260,000
Wangerooge D mp 0 1,300 900,000
Spiekeroog D gw 150,000 780 550,000
Langeoog D gw 360,000 1,740 1,540,000
Baltrum D mp 0 560 400,000
Norderney D gw 900,000 5,850 3,450,000
Juist D gw 300,000 1,540 1,000,000
Borkum D gw 800,000 5,180 2,400,000
Schiermonnikoog NL gw 160,000 940 450,000
Ameland NL gw, mp 200,000 3,460 1,900,000
Terschelling NL gw, mp 170,000 4,800 2,000,000
Vlieland NL gw 185,000 1,140 500,000
Texel NL mp 0 13,630 4,000,000
TOTAL   7,720,000 79,000 28,910,000
gw = groundwater, mp = pipeline from mainland, dsl = desalinisation, bgw = brackish groundwater 
* = brackish 
 
Water supply on many islands depends exclusively on freshwater lenses (Table 1). On 
others, where the underground formations are not sufficiently permeable (e.g. Texel, 
Pellworm) or the lenses are too small and fragile (e.g. Wangerooge, Baltrum) water is 
supplied from the mainland via pipelines. Some islands receive water both from local 
groundwater extraction and a pipeline from the mainland (Ameland, Terschelling). The 
islands of Baltrum and Wangerooge are supplied from the mainland by pipeline but have 
emergency wells in case of interruptions.  
 
The sandstone of Helgoland is not permeable enough to allow the development of a 
freshwater lens. Therefore, water supply for inhabitants and tourists, the latter mostly day 
visitors (≈ 300,000 per year), relies on the desalinization of brackish groundwater (100,000 
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m³/a) and seawater (350,000 m³/a), together yielding 165,000 m³/a of drinking water. Some 
rainwater is collected and re-infiltrated to replenish the brackish groundwater. 

Tourism on the Frisian Islands. 
The base of the islands economy is almost exclusively tourism. Water consumption steadily 
rose from the 1950s with increasing tourism (Fig. 2). From the 1990s onwards, the number 
of overnight stays has reached a plateau on some islands. With the introduction of water-
saving household appliances in the late 1980s, consumption has significantly decreased on 
some islands. For example, on the island of Langeoog demand decreased by about a quarter 
compared to the peak recorded in 1983 (Fig. 2), although the number of overnight stays has 
remained on the same level (Houben et al. 2014).  
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Figure 2.  Development of water demand on the islands Texel and Langeoog.  

 
Water demand varies strongly according to climate, seasons, vacation periods, public 
holidays and even individual weekends (Fig. 3). On Langeoog, the lowest water demand 
during the winter of 2011 was 238 m³/d, while the maximum during the Easter holidays of 
the same year was 1,894 m³/d, a factor of eight between maximum and minimum (Houben 
2014, Houben et al. 2014). 
 
Water demand for the general population in Western Europe is around 120 to 130 liters per 
day and person. For tourists, however, the equivalent number is 170 to 190 liters per day, 
due to more frequent showers, washing of towels and linen and cleaning of rooms. In recent 
years, there is a tendency towards shorter but more frequent vacations (Houben 2014). This 
might increase demand again. Future effects of climate change, e.g. caused by rising summer 
temperatures, need to be considered. 
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Figure 3.  Water demand (groundwater) over the course of one year on Spiekeroog.  
(1) Christmas, New Year, (2) carnival, (3) Easter, (4) ascension day, (5) Pentecost,  
(6) summer holidays, (7) German unification day, (8) autumn break. 

CONCLUSIONS 
Water demand on the Danish, German and Dutch Friesian Islands is strongly driven by 
tourism. Although only 79,000 people live on the islands, they must accommodate 29 
million overnight stays per year and, additionally, many day visitors.  
 
The total extraction of around 7.7 million m³ groundwater per year from local freshwater 
lenses is an important contribution to fulfill the water demand resulting from tourism. The 
effects of the future development of tourism, e.g. the daily per capita water demand of 
tourists and their holiday pattern (duration, frequency) and the effects of climate change need 
to be monitored closely to maintain a sustainable water supply from local sources. This will 
ensure that both the tourists and the local population, who depend on them, will be able to 
enjoy and make a living from the islands unique environment. 
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