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The densely populated River Lavant valley region in the eastern part of Carinthia in the southern Austrian Alps is 

characterised by a low level of precipitation, geological conditions unfavourable to groundwater storage and a 

limited number of springs that can be used for water supply. In the past decades, annual precipitation amounts 

have declined significantly, and the region has been affected by water shortages during hot summers several 

times. Despite uncertainties in projections of future changes of regional precipitation patterns, the variability of 

groundwater levels and discharges of springs are expected to increase further in the future, raising the risk of 

water scarcity and temporal bottlenecks in water supply during drought periods.

The region has responded to these challenges by adaptation measures to secure future water supply on the 

regional and local level, in particular by establishing a regional water association network interconnecting the 

supply networks of four municipalities, developing new water sources and investing in extension of the supply 

infrastructure. The municipalities are encouraging their citizens to use water sparingly and efficiently by providing 

information about water stress levels and raising awareness about water-saving measures.

Case Study Description

Challenges: 
The River Lavant valley is situated at the southern rim of the Alpine main ridge and is enclosed by the mountain 

ranges of the Saualpe in the west and the Koralm in the east, which are both ranging up to 2100 m. Wolfsberg, 

the district capital, and St. Andrä are the largest towns in the region. The springs in the two mountain ranges 

provide most of the drinking and service water for the municipalities.

The River Lavant valley is characterised by low precipitation amounts. With an average annual precipitation of 

less than 800 mm the valley is one of the driest regions of Carinthia. Moreover, the geological conditions are 

unfavourable to groundwater storage, the discharges of springs are rather low, and only a limited number of 

springs can be used for water supply. Due to these natural limitations in water availability, the region has already 

been affected by water shortages in the past decades, especially during hot and dry summers (EEA 2009 [3]; 

BMLFUW 2016 [4]). Significant seasonal bottlenecks in water supply have occurred frequently, e.g., in the years 

1993, 2002, 2003 and 2012.

Effects of climate change have been noticeable in the region already during the last decades. Over the last 100 

years, there is a clear trend of decreasing annual precipitation in most parts of Carinthia south of the Alpine main 

ridge. In the Lavant valley region, annual precipitation has decreased by approximately 15–25%, with the 

strongest seasonal decrease occurring in winter.

Assumedly due to the location of Carinthia at the convergence of Mediterranean and Atlantic climatic influences, 

model-based regional projections of future trends in precipitation patterns in the south part of Austria have 

always been subject to high uncertainties and regularly exhibit pronounced variation between climate models. 

Previous regional scenarios of changes in annual precipitation have ranged from slightly positive to slightly 

negative trends. Some scenarios projected a significant decline of summer precipitation by up to -15 % from 

2050 onwards. The most recent Climate Scenarios for Austria (ÖKS 15) indicate a significant increase in annual 

mean temperature of +1.3°C (climate mitigation scenario according to RCP4.5) to 1.5°C (business-as-usual 
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scenario according to RCP8.5) for Carinthia and the Lavant Valley up to 2050 (compared to the period 1971-

2000). By the end of the century an annual mean temperature increase of up to +4.2 °C may occur in a business-

as-usual emission scenario (RCP8.5). The scenarios also show an increase in the annual number of heat days 

(days with >30 °C). These could increase by +3.2 days by 2050 and rise up to +5.8 or even +17.1 days by the 

end of the century. As regards annual average precipitation, slight increases are projected in the medium- and 

long-term, which is mostly due to higher simulated precipitation amounts in the winter season, but all rainfall-

related model results are lacking statistical significance. In contrast to temperature projections, future trends in 

precipitation continue to be characterised by considerably larger uncertainties.

Stronger variability in groundwater levels and deliveries of springs, culminating in recurring periods of water 

shortage, had been observed already in the years prior to initiation of the adaptation measures. Although the 

results of regional climate modelling are not straightforward to interpret in terms of their implications for 

groundwater stocks and groundwater renewal, it is expected that groundwater levels, aquifers and discharges of 

springs will be affected by increasing variability in the future. This outcome is likely to result from the combined 

effects of higher inter-annual variability in precipitation regimes, possible decreases in summer rainfall with 

prolonged periods of drought, higher evapotranspiration rates, and reduced groundwater recharge due to less 

snowfall and shorter duration of snow cover in winter.

Reduced availability of water resources during dry and hot summer periods coincides with an increase in water 

demand by households, tourism and agriculture, which in the past has contributed to water supply problems. 

Since in the central areas of the Lavant valley region further growth in population and settlement areas is 

expected, this may raise overall water consumption, and thus increase the vulnerability of drinking water supply. 

Decreasing water availability combined with higher withdrawal rates during dry and hot summer periods were 

recognized as a threat to continuity of public water supply and created a strong need for response measures by 

the water management sector.

Forests cover up to 50% of the region’s area, and in particular forest stands at mountain slopes fulfil important 

water retention functions and protective functions with regard to natural hazards. Due to extensive introduction in 

altitudes below 900 m in the past, Norway spruce is distributed far beyond its natural range and is by far the 

dominant tree species in the region. Since spruce trees prefer cool and wet sites, they have in many locations 

already reached the limits of their tolerance under current climate conditions. Climate-induced multiple stresses 

on these forests do not only result in productivity losses, but are also threatening their vitality, ecological stability 

and the delivery of important ecosystem services of forests, such as water retention, water storage, and the 

protection against gravitational natural hazards.

Objectives: 
The main objective of the adaptation measures was to secure water resources and the public water supply over 

the long term. The strategies pursued target both the supply and demand side of drinking water management. 

On the supply side, re-organising the water supply system on regional level, building new water supply 

infrastructure, and developing new water resources aim at safeguarding the continuity of quantitative public 

water supply even in periods of reduced natural water availability and peak consumption. A further objective is to 

guarantee the water supply, even if one of the local facilities should fail for any reason.

On the demand side, an early warning system, information and awareness-raising measures aim at encouraging 

water-saving behaviour of citizens and households. These adaptation measures have mostly been taken in 

response to observed climate impacts and experienced water shortages, but they have also been motivated by 

unfavourable climate projections and reflect a preventive approach to the considerable uncertainties as regards 

future precipitation.



The objective of further measures taken by the forest management sector is to reduce vulnerability of regional 

forests to climate change, such as water stress, heat intolerance, bark beetle infestations, and susceptibility to 

storm damage, and to maintain or improve the protective functions (flood retention, slope stabilisation) and water 

storage capacities of forest ecosystems.

Solutions: 
The main adaptation activities in the River Lavant valley focus on securing the public water supply. They are 

complemented by further measures to reduce water demand by influencing behavior of water users. Adaptation 

measures have been taken both on the inter-municipal, i.e. regional level, and on the local level of the individual 

municipalities. Implementation of the measures started as early as 1994; since then it has gradually extended 

and is an ongoing process. The following adaptation activities have so far proved successful to meet the 

challenges of climate-induced water shortages in the River Lavant valley region:

Establishment of the “regional water association network Lavant valley”, an organisational arrangement for 

regional water supply, starting in 1994. By interconnecting the water supply networks of the four 

municipalities of Wolfsberg, St. Andrä, St. Paul and St. Georgen, water shortages in each municipality can 

be compensated, peak consumption can be intercepted, and water supply risks are shared between 

municipalities and altogether reduced, including by providing infrastructural redundancies in case of 

system failures. Today, the water association network owns a transport system that can provide an annual 

discharge flow of 260,000 m³. The water comes from 12 springs on privately owned land; water withdrawal 

is secured by the water association network through long-term contracts. This strategy of risk 

management has proved successful for approximately 42,000 consumers connected to the public water 

supply system.

Establishing the water supply infrastructure of the network involved the development of new water 

resources within the region and installation of new transmission pipelines. Water is extracted from natural 

springs only, without using any pumping facilities. A central remote control system assures that only those 

amounts of water are extracted that are actually needed to sustain supply. Only in situations of peak 

demand, additional water is diverted into the supply system. Water from developed springs that is not 

needed to cover the demand is allowed to remain within the hydrological system and to flow into natural 

surface streams. These measures shall assure that impacts on the water balance of the natural 

environment are as low as possible.

Comprehensive infrastructural, organisational and planning measures have been taken also at the local 

level. In the town of Wolfsberg, new water sources, including deep groundwater wells, have been 

developed and connected to the public supply system. To limit water extraction from deep groundwater 

bodies, the respective wells are switched in only in extraordinary situations of demand-supply bottlenecks. 

The municipal supply infrastructure has been upgraded and currently encompasses 400 kilometers of 

supply lines, 83 springs, 29 high-level water tanks and 7 UV water treatment plants. To be prepared for 

situations of water shortage, a municipal crisis management plan has been prepared providing for 

measures such as continuous monitoring of water supply, connection to the regional water association 

network and on-demand connection of additional deep groundwater wells. A cooperation agreement with 

an extra-municipal water supplier allows to import additional drinking water, if this should be required (

BMLFUW 2016 [5]).

In parallel to adapting water supply management, the municipal water works of the region seek to manage the 

water demand by providing information about the drinking water supply situation and water-saving measures to 

their customers. The town of Wolfsberg has an early warning system in place and provides daily updated data 

about the drinking water situation on its website. Depending on the level of the early warning status, different 

water-saving measures are recommended. In situations of high water stress, regulatory measures enter into 

force, such as prohibitions of filling swimming pools, irrigating gardens and washing cars. Awareness raising 

about water management issues is also a regular focus of the municipal newspaper and other local media.

Adaptation measures have also been put in place for forest management, which has already been negatively 
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affected by climate change impacts. Silvicultural management aims to reduce the climate vulnerability of the 

region’s forests by promoting use of more drought-tolerant tree species and establishing more climate-resilient 

mixed forest stands. To maintain and restore both the productive and non-productive functions of forests, 

adaptation measures focus on adjusting the tree species composition by replacing highly vulnerable Norway 

spruce trees with other autochthonous tree species that are better adapted to the changes in local climatic site 

conditions. Consulting services under the regional forest authority and a financial support programme have been 

established to encourage and promote adaptive forest management by forest owners. An intended co-benefit of 

re-establishing healthy and stable forests that are well adapted to current and future climatic conditions is 

maintenance and improvement of the delivery of their ecosystem services, in particular those related to the water 

retention and storage capacities of forest ecosystems. Forest cover on hillsides and mountain slopes has strong 

effects on reduction of surface water run-off, thus contributing significantly to groundwater renewal and to 

decreasing the build-up of floods. The adaptation measures taken in forest management are thus synergistic to 

the adaptation goals pursued by the water management sector.

Importance and relevance of the adaptation: 
PARTFUND_AS_CCA;

Additional Details

Stakeholder engagement: 
The establishment of the “regional water association network” can be classified as a water governance measure 

that builds on inter-municipal cooperation. The crucial cooperation actors here are the municipalities, and their 

municipal water managers, respectively. The provincial government of Carinthia took a facilitating role by setting 

the policy framework for regional water governance, providing financial support and installing a hydrological 

monitoring network. Before founding the “regional water association network Lavant valley”, the government 

organised an information event for the local population. Further public participation processes did not take place, 

but continuous information activities of the municipalities contributed to raising awareness for water issues and 

building public acceptance for the measures.

Success and limiting factors: 
Activities of the provincial government of Carinthia in terms of providing strategic state-wide policies for water 

supply were a success factor, because they provided an agenda and trend-setting framework. Since 1984, 

governmental agencies in Carinthia have been working on a state-wide water-supply strategy, presenting data 

on water availability and water demand at regional scale. Based on this information, suggestions for a 

sustainable water supply were prepared for municipalities. One of the priority objectives was to connect the 

water supply networks of the municipalities. Furthermore, a monitoring network with 200 hydrographic stations 

has been set up in the entire province to detect the actual trends in hydrological parameters like groundwater 

stocks or run-off patterns.

The foundation of the “regional water association network Lavant valley” initially evolved from the initiative of one 

person, who was aware of the local situation regarding water supply. The person was a renowned water expert 

with good connections to relevant decision makers at governmental and political level. This strong personal 

commitment was a crucial success factor that pushed the project forward and enabled the region to face these 

challenges at an early stage. In a first stage, foundation of the network was controversial and opposed by a part 

of the local population for economic reasons. But water shortages in recent years underlined the importance of 

the project and helped increase its acceptance. Long term awareness-raising activities of the municipalities on 

water issues and water-saving measures have contributed significantly to the success in the region.

A main goal of the adaptation measures taken has been to create strategic water reserve capacities for times of 

pronounced water scarcity. While this involved developing new water resources, measures are in place to avoid 

unsustainable over-exploitation, such as temporary demand-driven use of additional water sources only as well 

as permanent monitoring of the water balance situation. At the core of the regional water association network is 

the rationale to manage local water supply problems through regional distribution rather than through increasing 



the overall quantity of water extraction. Through sharing common water resources, uncoordinated and individual 

local reactions, like exploiting every small spring within a municipality, shall be avoided.

Despite all the activities done by the water association network, extremely hot and dry summers in the past (e.g. 

2003) showed clearly that there is only a limited amount of water available, which does not continuously cover 

the needs of the municipalities. The network (together with the municipalities) is now seeking new alternatives to 

improve the security of the water supply in the region. One option currently being considered is the interregional 

extension of the water association network. Connecting the water supply network of more regions with different 

climatic and geological characteristics could lead to greater security of supply during risk periods.

The adaptation measures described in this case study are only effective for households that are hooked up to 

the public water supply system. However, varying percentages of households in unfavorable locations in the 

municipality areas depend on individual water supply by private wells. Due to highly dispersed settlement 

patterns in peripheral areas and high costs for the public sector, connecting these households to the public water 

network is not feasible. Vulnerability of this population group to water shortages continues to be high and is 

expected to increase in the future.

Budget, funding and additional benefits: 
The adaptation measures taken on regional level have so far been successful in safeguarding water supply to 

approximately 42,000 consumers connected to the public water supply system. The measures taken by the 

municipal bodies responsible for local water management in the district capital of Wolfsberg have secured water 

supply for more than 7,000 households over the long term. Continuous access to drinking water under conditions 

of climate change is an indispensable prerequisite for maintaining regional population levels, social well-being 

and sustainable regional development potentials.

Legal aspects: 
The “regional water association network Lavant valley” was established under the Austrian Federal Water Act 

1959.

In situations of high water stress, regulatory measures of the municipalities prohibiting certain forms of water 

consumption by citizens (filling of swimming pools, car washing, irrigation of gardens) are entering into force.

Implementation time: 
The “water association network Lavant valley” was founded in in 1994. In the following years, several 

construction works were completed (e.g. water towers, water tanks, pipelines, impoundment of springs). 

Implementation of further measures has gradually extended and is still an ongoing process.
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