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Freshwater ecosystems provide socioeconomic services, but their function is dependent
on certain ecological requirements being met. Sustainable water resource manage-
ment should therefore consider the needs of both humans and the environment. What
this kind of approach could involve is shown by two research projects carried out on
the Spol and in the Sandey floodplain.

Climate change and growing human demands are affecting the
availability of water resources. As a result of excessive water
withdrawals (around 4000 cubic kilometres per year worldwide),
many large rivers now fail to reach the ocean, especially in arid
regions. Globally, more than 500,000 kilometres of waterways
have been altered for navigation, over 63,000 kilometres of
canals have been constructed, and over 50,000 large dams are
in operation. The latter store more than 6300 cubic kilometres of
freshwater, and further major dam projects are planned — notably
in developing countries [1]. Climate change is also associated
with shifts in the timing and magnitude of precipitation, leading to
increases in extreme events such as flooding and droughts.

Water — risk and resource. Taking Switzerland as an example,
recent data and predictions suggest that the main precipitation
period will shift to late winter and early spring. This will increase
the risk of extreme spring flows, followed by low flows or
droughts in the late summer. In the longer term, the situation
could be exacerbated by glacier retreat. These developments
will have direct consequences for flood control and also for the
agriculture, energy and water supply sectors, where water is an
irreplaceable resource.

As well as the changing climate, a variety of human uses will
exert further pressure on freshwater ecosystems. In Switzerland,
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the planned phase-out of nuclear power is to be offset — in part
— by an expansion of hydropower, which already accounts for
around 55 per cent of the country's energy production. At the
same time, efforts are underway to mitigate the adverse impacts
of hydropower generation. The newly revised Water Protection
Act, which came into effect in 2011, calls for remedial measures
to reduce the impacts of hydropeaking operations, reactivate sedi-
ment transport and remove barriers to fish migration. In addition,
over the next 80 years, about a quarter of the 15,000 kilometres
of degraded river sections are to be restored [2].

While freshwater ecosystems are used as resources, pro-
viding various socioeconomic goods and services, they are also
habitats which can only function if certain fundamental ecological
requirements are met. In addition, they may pose risks to human
life and infrastructure. These different, sometimes divergent
demands and interests — accentuated by climate change — are
a source of potential resource-use conflicts. Against this back-
ground, sustainable management of water resources is becoming
an increasingly urgent task (Fig. 1). Sustainability involves giving
due consideration to the needs of humans and of ecosystems.
This means taking an integrated approach to economic, social and
ecological concerns so as to achieve an appropriate trade-off of
interests, acceptable to the various stakeholders. This requires
interactive thinking, participative decision-making and long-term
strategic planning.

Adaptive management to enhance sustainability. One tool
which can promote sustainable use of water resources is so-called
adaptive management. This involves a continuous development
process, in which what is learned from the results of previous
decisions is used to optimize future management actions, thus
moving closer towards an ideal solution.

In two case studies — on the Spol river in the Swiss National
Park and in the Sandey floodplain of the Urbach valley in Canton
Bern — we have investigated how, with an adaptive approach,
multiple ecological and socioeconomic interests can be integrated
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into sustainable management of water resources. In the first of 

these two projects, the aim was to use experimental floods to 

improve the ecology of a regulated alpine river without adversely 

affecting hydropower production. In the second project, we 

studied the impacts of historical floodplain management and how 

planned restoration measures can be reconciled with flood protec-

tion and land use needs.

The Spöl originates from Lago di Livigno, a reservoir on the 

Swiss-Italian border. The pre-regulation discharge was 6–12 cubic 

metres per second (m3/s), with peak flows up to 120 m3/s; follow-

ing regulation, the constant residual flow is 1.45 m3/s in summer 

and 0.55 m3/s in winter. Since 2000, this residual flow has been 

interrupted by one to three experimental floods per year, in order 

to re-establish a more natural flow regime (Fig. 2). The primary 

aim of the study was to determine whether implementation of this 

novel disturbance regime could produce positive effects on the 

Spöl ecosystem, where residual flows had remained at a relatively 

constant low level for over 30 years.

Optimal ecological discharge is defined in terms of the min-

imal base flow requirements and the timing, duration, magnitude 

and frequency of high flow and flood events that are most suitable 

for creating a sustainable habitat for resident biota – even under 

changing climatic conditions.

Shift towards a more natural regime. The floods had little 

effect on the physicochemistry of the river, since the water 

source – hypolimnetic releases from the dam – was unchanged. 

However, they reduced the armouring of the stream bed and 

increased the porosity of bed sediments. The sediments were 

scoured and attached moss was dislodged within the first two 

years. The floods also reduced benthic organic matter in the river. 

Standing stocks of primary producers (e. g. periphyton) likewise 

declined. Although the Spöl is nutrient rich, the floods maintained 

low periphyton biomass by scouring filamentous algae from bed 

sediments.

The floods reduced benthic macroinvertebrate density and 

diversity, leading to changes in species composition, with higher 

proportions of smaller organisms and a lower biomass. There was 

a decrease in the abundance of disturbance-prone species, such 

as the large-bodied, sessile amphipod Gammarus fossarum, and 

an increase in the abundance of more resistant species, such as 

the small-bodied, highly mobile mayfly (Baetis spp.). Overall, after 

Fig. 2: Until 1970, the Spöl had a natural flow regime (left). Under regulated 

conditions, residual flows were continuously limited to approximately 2 m3/s. 

Since 2000, regular experimental floods (up to 40 m3/s) have been used to 

 create a more natural flow regime.
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Fig. 3: Aerial images indicate how the character of the Sandey floodplain 

changed between 1940 and 2007. Red lines mark the location of levees.
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Since 2000 the constant residual flow of the Spöl is interrupted by experimental floods to test the potential for water reuse with respect to optimal ecological 

discharge.
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