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Abstract 
Drinking water is a crucial provision for our survival and well-being. 
However, it is often taken for granted. The environmental objectives in 
Sweden appear insufficient to ensure drinking water with good quality, 
because the objectives lack clear protective descriptions, which allow 
municipalities to determine how to interpret and ensure drinking water. The 
purpose of this study is to investigate barriers and opportunities for 
sustainable management of drinking water sources in a tourist region. In 
order to fulfil the purpose, the study identifies vulnerabilities in the 
municipal drinking water system with the help from scenario analysis of 
climate change and tourism development. The study also presents relevant 
adaptation solutions. The DPSIR framework was used as a tool to categorize 
and describe the studied problem and was based on a literature study and a 
mapping of the study area. Åre ski resort was used as a case, and it is 
supplied with drinking water from two groundwater beds infiltrated by 
Åresjön (a lake, part of a river). Åresjön is included in an objective to keep 
drinking water quality standards.  
    The results show that climate change and tourism development reduces 
surface and groundwater quality, primarily by increasing microbiological 
particles. Increases in the number of tourists combined with insufficient 
monitoring of groundwater levels and infiltration capacity knowledge are 
unsustainable and are expected to reduce the amount of water in the large 
groundwater beds. The identified most vulnerable parts of the drinking water 
system are within the municipal planning process, water production and 
wastewater treatment. Therefore, the various adaptation solutions address 
these issues. Direct and indirect adaptations are necessary to ensure sufficient 
drinking water of good quality until 2100. Tourism development is the main 
driver for affecting drinking water (if no adaptation measures are 
implemented).  
 
Keywords 
Climate change, adaptation, vulnerability assessment, drinking water, 
groundwater, surface water, tourism development, DPSIR framework. 
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Definition of key terms 

Adaptation is initiatives and measures to reduce the vulnerability of natural 
and human systems against actual or expected climate change effects. 
Various types of adaptation exist, e.g. anticipatory and reactive, 
private and public, and autonomous and planned.  

Climate change refers to a change in the state of the climate that can be 
identified (e.g., by using statistical tests) by changes in the mean 
and/or the variability of its properties, and that persists for an 
extended period, typically decades or longer.  

Pathogens are microorganisms that can cause infections or create health 
problems in humans.  

Radiative forcing is the change in the net, downward minus upward, 
irradiance (expressed in Watts per square metre, W/m2) at the 
tropopause due to a change in an external driver of climate change, 
such as, for example, a change in the concentration of carbon dioxide 
or the output of the Sun.  

Vulnerability is the degree to which a system is susceptible to, and unable to 
cope with, adverse effects of climate change, including climate 
variability and extremes. Vulnerability is a function of the character, 
magnitude, and rate of climate change and variation to which a 
system is exposed, its sensitivity, and its adaptive capacity.  
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1 Introduction 

1.1 Background 
Climate change impacts both human and natural systems, such as 
communities and ecosystems (Lavell et al., 2012; Kaufmann & Cleveland, 
2008). Depending on where a society is located, the climate will change 
differently (Kaufmann & Cleveland, 2008; SMHI, 2006). Yet, most models 
indicate that future effects of climate change will be the same as those present 
today, such as change and variation in precipitation, air and water 
temperature and storm runoff (Whitehead et al, 2009; Chang, 2004; 
Kundzewicz & Krysanova, 2010). Crucial factors for how a society will be 
affected rely on development and adaptation, in other words, on local 
conditions (Haines, Kovats, Campbell-Lendrum & Corvalan, 2006; SMHI, 
2006). Ecosystem services will be lost if change occurs faster than there is time 
to adapt (McNeely, Mittermeier, Brooks, Boltz & Ash, 2009). According to 
Filho, Musa, Cavan, O´Hare and Seixas (2010) climate change adaptation 
(CCA) has different definitions and a standardized way of notions dealing 
with indicators and measures does not exist. The Intergovernmental Panel on 
Climate Change (IPCC) defines CCA as ”adjustment in natural or human 
systems in response to actual or expected climatic stimuli or their effects, 
which moderates harm or exploit beneficial opportunities” (Lavell, et al., 
2012, p. 869), which will be used in this study.  
    Water can be seen as the most important provisioning service, as life on 
earth depends on it (McNeely, et al., 2009). Even though drinking water is 
crucial to our survival and well-being it is, at least in high-income countries, 
often taken for granted (Tornevi, 2015). Climate change, population increase, 
land use changes, economic development are some of the factors that can 
impact water resources (Juménez Cisneros et al., 2014). There seems to be a 
general consensus that higher temperatures (Duran-Encalada, Paucar-
Caceres, Bandala & Wright, 2017; Bates et al, 2008), increased rainfall, more 
severe and frequent natural hazards (Bates et al, 2008) as well as heat waves 
for a long period of time reduces the quantity and quality of water (SOU, 
2015). Juménez Cisneros et al. (2014) further argue that water quality has a 
nonlinear relationship with climate variables, in addition to temperature.  
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   In Sweden, the municipalities (which are dependent on objectives and 
legislation for their work) are responsible for measures and implementation 
of CCAs (Roth & Thörn, 2015). Among the Swedish environmental objectives 
none treats the subject of drinking water alone. The closest one is the 
objective “Groundwater with good quality”, which states that a sustainable 
supply of drinking water should be ensured (SGU, 2016a). However, about 
50% of the amount of drinking water in Sweden comes from surface water 
sources (SOU, 2015). Furthermore, the objective has not been achieved and 
there is low potential to do so with current measures and strategies, 
according to The Geological Survey of Sweden. In their latest evaluation, it is 
stated that in order to identify, prioritize and manage problems, it is 
necessary to develop or improve the monitoring of groundwater (SGU, 
2014a). Other environmental objectives more directly related to surface water 
are: “Living lakes and streams” and “Only natural acidification”. However, 
these objectives do not mention drinking water in their descriptions (SGU, 
2016b; SGU, 2016c). Another objective that indirectly includes surface water 
is: “Nontoxic environment”. This objective mentions drinking water in the 
objective text when exemplifying high-fluorinated substances in the 
environment, in an example of a discovery of the substances in Swedish 
drinking water sources (SGU, 2017).  
   The environmental code (1998:808), 21 §, states: “a land or water area may 
be declared by the county administrative board or the municipality as a 
water conservation area for protection of a groundwater or surface water 
resource utilized or likely to be utilized as a water source”. In order to 
maintain a sustainable use of water, according to the European Union law 
(2000/60/EC), all drinking water sources should be protected by water 
conservation areas in 2010. In Jämtland county, about half of the municipal 
water sources have been protected (Länstyrelsen Jämtlands län, 2018a). 
Among the EU’s sustainable development objectives, drinking water is more 
directly included: “Ensure access to water and sanitation for all”. This 
objective has a sub-goal, which states that all people should have safe 
drinking water (EU, 2017).     
    Based on the above-mentioned objectives and legislations, there is a clear 
gap in how to ensure drinking water as well as drinking water with good 
quality in Sweden. Municipalities have directly or indirectly the 
responsibility for water supply (Public water services (SFS 2006:412). 
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Depending on how the objectives and legislations are interpreted, they may 
decide to ensure the supply in various ways and with varying degrees of 
safety.  

1.2 Purpose 
The purpose of this study is to investigate barriers and opportunities for 
sustainable management of drinking water sources in a tourist region.  
 
The study’s definition of sustainable management of drinking water sources 
is: “To meet the need for the necessary amount of drinking water and in a 
quality that does not pose health risks, today and in the future”.  

1.3 Goals   
• Create a scenario analysis that describe potential future development 

in Åre ski resort regarding drinking water, including climate change 
and tourism development  

• Make a vulnerability assessment regarding drinking water in Åre ski 
resort with help from the scenario analysis 

• Present adaptation solutions for anticipated future climate change 
effects, based on the identified vulnerabilities in Åre ski resort 

1.4 Delimitations 
The studied geographical area is Åre ski resort (Åre/Duved), which is 
supplied with raw water from two separated groundwater beds. Åresjön (a 
lake) is the name of the part of Indalsälven that lies by Åre and intrudes 
(infiltrates) the groundwater beds, which means that the raw water is 
“surface affected”. Indalsälvens Water Quality Association, (a collaboration 
between 25 members e.g. municipalities and companies, within the water 
basin of Indalsälven) aims for the water quality in Indalsälven to match the 
target value for drinking water quality (Jonsson, 2006). Based on this, Åresjön 
is included in the study as a surface water source. The climate change 
scenarios are up to year 2100 (SMHI, 2017a), thus emphasizing the time 
perspective for this study.  
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2 Methods 
This section describes the methods and details of used data. First, a general 
description of the methodology is presented, followed by sections of more 
detailed explanations.  

2.1 The methodological procedure 
The methodological procedure used in this study is illustrated with a model 
in figure 1. The first step, data collection, consisted of a literature study of the 
subject: drinking water and climate change, in combination with a mapping 
of the situation of the studied area: Åre ski resort. The literature study and 
mapping were executed parallel to each other, thereby interfering each other. 
For example: based on findings in the literature study, the situation of the 
studied area was assessed. Thereafter, the problem was described using the 
DPSIR framework and presented in a conceptual model. The model was then 
used to create a scenario analysis of the development in Åre ski resort. The 
scenario analysis was followed by a vulnerability assessment of drinking 
water in the same area. Lastly, adaptation solutions were presented based on 
the vulnerability assessment.  
 

 
Figure 1. The model illustrates the methodology of the study procedure.  

2.2 Literature study and mapping of study area 
The literature study and the mapping of the study situation were used to 
gather data, in order to describe and identify areas that have possible 
connections to each other, and that can have a potential to affect drinking 
water. 
    Reference material for the literature study and the mapping of Åre ski 
resort’s situation was mainly collected from peer-reviewed scientific articles 
from: Primo, Google scholar, Science direct, SpringerLink and Wiley Online 
Library. Main keywords were: drinking water, groundwater, surface water, 
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climate change, population, tourism, quality, quantity, impacts, fresh water, 
and adaptation. The words were used in different combinations. Materials 
from credible organizations were mainly collected from their homepages e.g. 
Geological Survey of Sweden (SGU) and Sweden’s Meterological and 
Hydrological Institute (SMHI). Information about Åre ski resort has also 
partly been provided from Åre municipality in forms of maps and verbal 
information.  

2.3 Problem described by using the DPSIR framework 
The findings in the literature study and the mapping of the study situation 
were used as the basis for the identification of factors that affect drinking 
water in Åre. The factors for this study were identified using a list of 
parameters, presented in table 1. The parameters were based on 
characteristics that in this study were deemed crucial for drinking water in 
Åre ski resort, e.g. amount and quality. The identified factors were then 
categorized according to the categories of the DPSIR framework (see figure 2) 
(DPSIR framework is further described in paragraph 2.3.1). The result was 
presented in a conceptual model (as the one showing in figure 2), where 
relationships can be seen and followed. The created conceptual model 
describes the most important factors for changes of drinking water regarding 
water quality and amount. It is presented as a dynamic model that can be 
applied to changes, as done in the scenario analysis (Paragraph 2.4).   
 
Table 1.  
Parameters for validation of important factors regarding drinking water in Åre ski 
resort where all must be met.   
Parameters for validation of factors 

Valid in Åre ski resort 

Concerns the amount of ground and/or surface water 

Concerns the quality of the ground and/or surface water 

Concerns the water plant and/or it´s system 

 

2.3.1 The DPSIR framework 
The DPSIR framework is a tool that organizes and describes environmental 
problems. It evaluates cause-effects relationships (Smeets & Weterings, 1999) 
that connect socioeconomic factors with ecological (Bradley & Yee, 2015). The 
DPSIR framework model consists of five components: Drivers; Pressures; 
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States; Impacts; and Responses, illustrated in figure 2. In general, “Drivers” 
cause a change in the system or the relationship of “pressures” that further 
change the “state” that leads to “impacts”. “Responses” addresses the 
impacts and minimize the factors within the other categories (Bradley & Yee, 
2015; Smeets & Weterings, 1999; Maxim, Spangenberg & O´Connor, 2008).  
     There is further no clear template for how to apply the DPSIR framework; 
there are several interpretations and developments of the framework 
(Bradley & Yee, 2015; Kristensen, 2004; Giupponi, 2002; Sun et al., 2016). The 
application of the framework in this study was based mainly on the methods 
in these reports: “An analysis of risks for Biodiversity under the DPSIR 
framework” by Maxim, Spangenberg and O´Connor (2008), and Environmental 
indicators: typology and overview by Smeets & Weterings (1999). These reports 
have similar interpretations of the core of the DPSIR framework that makes 
the framework applicable (although there are minor differences). Since the 
studied problem contains the perspective of climate change, the framework 
was adapted to match the effects of this, along with other potential factors 
that affect drinking water. More directly the identified factors represent areas 
that have the greatest significance (regardless of element or belonging) for 
drinking water impact in Åre ski resort. This study uses the definition of 
“drivers” as problems that change the systems and/or the relationship of the 
social, political and economic spheres that trigger “pressures”. “Pressures” 
have the potential to contribute to or cause “impacts” that change the “state”. 
“State” refers to the state in the environment, which consists of the 
conditions; biological, chemical, and physical, and which are affected by the 
result of the “pressure”. “Impacts” is defined as changes in functions, which 
affect the three spheres: social, economic and environmental. “Responses” are 
the measures to address the “impacts” and to minimize the “pressures” and 
“drivers” that cause “impacts”. The DPSIR framework and the relationships 
are shown in figure 2.   
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Figure 2. Illustration of the DPSIR framework. Adapted from “Environmental 
indicators: typology and overview” by Smeets & Weterings, (1999).  
 
Maxim, Spangenberg and O´Connor’s report (2008) has been more important 
for this study because of its analysis of the DPSIR framework in combination 
with a sustainability framework (tetrahedral model of sustainability), 
developed by O´Connor (2007). O´Connor has added a political sphere to the 
“triple bottom line” (social, economical and environmental) in the tetrahedral 
model, which lies on top of the others (Figure 3), having a different 
relationship, like a role of a referee (O´Connor, 2007). As this study looks at a 
municipal drinking water system and presents solutions for the municipality 
(governed by politics), the political sphere (and approach) is relevant for the 
management of the DPSIR framework in Åre ski resort. The studied problem 
has, with the help of the tool, been given relationships (by categorizing the 
most important factors), which clarifies the studied problem in detail.  

 
Figure 3. Illustration of the tetrahedral model of sustainability where the 
political sphere lies on top of the social, economical and environmental 
spheres. Adapted from “The “four spheres” framework for sustainability” by 
O´Connor’s (2007).  
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2.4 Scenario analysis 
The scenario analysis represents a future development in Åre ski resort to 
year 2100 and was based on changes in the specified factors in the categories 
“drivers”: climate change and tourism. The created conceptual model (with 
the specified factors) was used to further describe the scenarios in relation to 
the studied problem, where each factor was evaluated and forecasted based 
on the findings in the mapping of the situation in Åre ski resort (no further 
qualitative data). The analysis was used to help indicate vulnerable areas in 
relation to expected changes.  

2.4.1 Climate change 
Maps of scenario data from SMHI’s website were analysed in order to 
estimate a possible future climate in Åre ski resort. The data is based on the 
latest (2009) climate scenarios by IPCC and are referred to as RCP-scenarios 
(Representative Concentration Pathways). The two available scenarios 
RCP4.5 and RCP8.5 were selected. The number represents the concentration 
of greenhouse gases in the atmosphere that generates a radiative forcing of 
XW/m2 year 2100, compared with preindustrial levels (SMHI, 2017a). The 
scenarios represent assumptions about future development (Table 2), where 
RCP8.5 is closest to today’s situation (SMHI, 2017b). RCP4.5 represents the 
second lowest scenario (out of four) where stronger actions have been taken 
(SMHI, 2017b). Both scenarios will be used in the scenario analysis to give an 
overall assessment and thus show what is most likely and which has the 
strongest indications of the outcome. No direct numbers were used further in 
the analysis, except for to indicate an increase or decrease, which are based 
on the rate of changes.  
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Table 2.  
Representative assumptions for given scenario. Adapted from “Framtidsklimat i 
Jämtlandslän –enligt RCP-scenarier” by Nylén et al., (2015).  

RCP4.5 RCP8.5 

Increase of CO2 emissions until 2040 Continue high CO2 emissions and three times higher 2100 
than today. Rapid increase in methane emissions. 

Just below 9 billions of people 12 billion people which mean increased used of cropland 
and grassland 

Decreasing use of cropland and grasslands due to 
yield increases and dietary changes 

Low rate of technology development for energy efficiency 

Strong reforestation programmes Heavy reliance on fossil fuels 

Low energy intensity High energy intensity 

Powerful climate policy No additional climate policy 

 
To get as representative results as possible for this study, an area of 8 pixels 
around Åre were included for the analysis of future scenarios in Åre ski 
resort, see figure 4.  

  
 
Figure 4. The black point shows Åre and the red line surrounds the studied 
area for climate change parameters for Åre ski resort, which includes total 9 
pixels. Adapted from  “Länsvisa klimatanalyser, Jämtland” by SMHI (2018a).  

2.4.2 Tourism forecast 
To determine where in the development curve the tourism industry is today, 
and to see potential development directions of the industry an analysis of the 
tourism industry was made based on Butler’s (1980) hypothetical model of 
evolution of a tourist area. In the model, Butler shows that the evolution of a 
tourist area follows a “logistic growth pattern”, i.e. an exponential phase 
followed by a consolidation phase with different possible further 
development pathways (stabilization, decline or overshoot). Furthermore, it 
is stated that the number of tourists will continue to increase until the 
environmental, social and/or physical carrying capacities are reached, e.g. 
crowding, water quality, or accommodation. Butler’s theoretical model and 
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theory (Appendix A) were compared to a tourist development chart of the 
number of guest nights in Åre’s ski resort between 2003/2004 and 2015/2016 
(Åre kommun, 2018) together with input of historical and status information 
of Åre’s ski resort (to declared patterns) (Paragraph 3.2.1).  

2.5 Vulnerability assessment 
To localise and evaluate vulnerabilities, the identified factors (the method is 
described in paragraph 2.3 and the factors (result) are found in figure 10) 
were classified due to their ability to affect drinking water (quality and 
amount) in Åre ski resort. The assessment was based on three scenarios; 
present time (business-as-usual), with effects of climate change, and based on 
tourism development. The two last mentioned ones represent the outcome of 
the scenario analysis (Paragraph 2.4). Thus, the scenario analysis has helped 
to identify vulnerabilities for drinking water regarding changes, i.e. situation 
in the future time. Quantification was estimated by classifying the factors into 
four different significances; 1 = small, 2 = moderate, 3 = considerable and 4 = 
severe. The qualification is further based on earlier findings in the study. The 
result was presented in a table (Table 10) and the total score of all three 
scenarios were summed up to indicate the highest degree of vulnerability. 
Relevant explanations were followed and the total points were added to the 
DPRSIR framework to identify the weakest relationships.  

2.6 Adaptation solutions 
The adaptation solutions were based on the vulnerability assessment, i.e. the 
quantification (points) of the identified factors for drinking water in Åre ski 
resort. It was the highest points in each scenario (present time, climate change 
and tourist development) as well as the combined total results that 
constituted as the basis for the solutions. A literature study was conducted to 
identify possible adaptation solutions to the identified vulnerabilities.  
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3 Results 
This section presents the results of each segment in the methodology 
procedure (Figure 1).  

3.1 Literature study  
This section covers expected changes and effects from climate change that 
have the potential to affect drinking water, public and water-related 
relationships, and means for drinking water protection. 

3.1.1 Climate change and water 

3.1.1.1 Groundwater  
Groundwater has normally a good microbiological quality, a low and even 
temperature (Ojala, Thunholm, Maxe, Persson, & Bergmark, 2007) and a low 
concentration of organic substances (SOU, 2007). This is due to infiltration in 
the unsaturated part of the ground, which has a significant effect on the 
removal of viruses, contaminated substances and removal of coliform and 
heterotrofic bacteria. Released substances in groundwater are further 
dependent on residence time and geological formation (Ojala et al., 2007). 
Organic substances decrease, and the level of salt (alkalilnity) increases, in 
correlation with the residence time (Ojala et al., 2007; Svenskt Vatten, 2007). A 
shortened residence time increases the risk of virus infection (Svenskt Vatten, 
2007). The response time in large groundwater beds is slow and the water 
level changes slowly (SGU, 2014b). 
    Increased precipitation may increase the groundwater level, which reduces 
the saturated part in the ground. This can have an effect on the 
groundwater’s quality, e.g. by affecting the separation of microbial 
contaminants deteriorates. An increased air temperature may increase the 
groundwater temperature, which increases the growth of microorganisms 
and causes adverse effects on the composition of the species (Aastrup, 
Thunholm, Sundén & Dahné; SOU, 2007; Dryselius, 2012). Floods can also 
increase groundwater levels and create new infiltration pathways to 
groundwater beds (Svenskt Vatten, 2007). Floods are therefore often a cause 
of contamination of groundwater and the source of disease outbreaks 
(Hunter, 2003). Changes in groundwater levels are predicted to be the 
greatest in groundwater beds with a slow residence time (SOU, 2015). The 
groundwater level in larger groundwater beds (with slow residence time) in 



 12 

northern Sweden is predicted to be higher, both the lowest and the highest 
levels. This is mainly due to the fact that the dominant part of the water 
comes from melting snow and precipitation increases in the form of rain, 
which will contribute to a higher groundwater level in the fall. The difference 
between the lowest and highest water level is expected to decrease in 
northern Sweden (SOU, 2015). Sources of low groundwater recharge appear 
to have the highest sensitivity to precipitation changes and the lowest for 
high groundwater recharge (Crosbie et al., 2013). According to Ojala et al. 
(2007) climate change impacts groundwater by affecting groundwater flow, 
water levels, size, residence time and the quality of the water that is 
infiltrated. Earman, Campbell, Phillips and Newman (2006) argue that snow 
melting can account for 40-70% of groundwater recharge. The IPCC 
furthermore states that it is very likely in a warmer climate that 
evapotranspiration increases (Juménez Cisneros et al., 2014), which can affect 
the groundwater level as plants extract water from the ground. 

3.1.1.2 Increased amount of substances in surface waters 
Water sources are expected to catch more pollution due to greater runoff 
(Boxall et al., 2009; Bates et al., 2008). Humus is expected to increase in 
Swedish surface waters, which in combination with increased transport of 
sediment (by flooding) increases the risk of particulate dispersion of various 
contaminants (Svenskt Vatten, 2007). An increase in organic matter 
deteriorates drinking water quality (Weatherhead & Howden, 2009), and 
concentrations of nitrogen in soils are expected due to climate change 
(Ducharne et al. 2007; Wilby et al. 2006) due to less precipitation during 
summers. The nitrogen in the soil can furthermore reach rivers and cause an 
increase of nitrate concentration (Wilby et al., 2006). Kaste et al. (2006) state 
that an increase of nitrate flux in a river basin in Norway is predicted to be up 
to 40-50% by 2070-2100  

3.1.1.3 Algal bloom and eutrophication 
If the surface water temperature increases, algal bloom increases, which may 
affect the quality of raw water (SOU, 2015; Juménez Cisneros et al., 2014). For 
example, heavy precipitation may distribute phosphorous into lakes (Delpha, 
Jung, Baures, Clement & Thomas, 2009) and an increased water temperature 
in combination with increased nutrients increases cyanobacterial bloom 
(Hunter, 2003). Heat waves during summers can reduce vertical turbulent 
mixing which may increase the development of cyanobacteria. New types of 
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cyanobacteria for habitats (invasive species) can occur (Jöhnk et al., 2008) and 
have also been identified by Wiedner, Rücker, Bru ̈ggemann, and Nixdorf 
(2007) as well as Brient, Lengronne, Bormans and Fastner (2008). Lakes with 
long residence times get higher temperatures and face increasing phosphorus 
levels (Malmaeus, Blenckner, Markensten & Persson, 2006).  

3.1.1.4 Waterborne diseases  
Hydrometerological events have been linked to disease outbreaks (Boholm & 
Prutzer, 2017; Cann, Thomas, Salomon & Wyn-Jones, 2013) and there appears 
to be a clear correlation between waterborne diseases and heavy precipitation 
(Aastrup et al., 2012; SOU, 2007; Dryselius, 2012). Even small increases in 
temperature and changes of precipitation have been linked to measurable 
diarrheal burden (Haines et al., 2006). Climate change increases viruses and 
waterborne bacteria, which increases the risk of diarrheal diseases (Smith et 
al., 2014). Pathogens and faecal coliform existence in the environment 
increases with an increasing runoff, but also heavy metals and salts (Paerl et 
al., 2006; Pednekar et al., 2005; Boxall et al., 2009). However, human waste 
may often be the source of the water pollution (Häflinger, Hübner & Lüthy, 
2000). WHO (2011) confirms this, and mean that the primary risks to drinking 
water consist of pathogens, where humans and animal faeces are the 
contaminants. One of the most reported effects for groundwater quality 
studies is just an increase in the concentration of faecal coliforms due to 
precipitation periods (Curriero et al., 2001; Juménez Cisneros et al., 2014). 
Charron et al. (2004) refer to a study of waterborne diseases in US, where 
periods of extreme rainfall were associated with more than half of the 
outbreaks. A study in Sweden (regarding both groundwater and surface 
water) also showed a correlation between an increase in gastrointestinal 
illnesses after precipitation. The study measured nurse advice line calls due 
to acute gastrointestinal illnesses and the result showed an increase in such 
calls by 13% after 5-6 days with 30mm/24hour precipitation event. 8% more 
calls were linked to 5 consecutive rainy days. Notably, the study examined 
“normal” illnesses (not outbreaks) from drinking water considered of good 
quality (Tornevi, 2015). Another study shows that a higher turbidity in the 
raw water (that has been treated) increased gastrointestinal diseases with 
hospitalization in elderly people by 10% (Schwartz, Levin & Goldstein, 2000). 
Outbreaks often occur during spring when heavy rain and snowmelt stand as 
important factors (Charron et al., 2004). Furthermore, the Swedish study 
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showed an increase in acute gastrointestinal illnesses in relation to drinking 
water in February-April (highest) but with a continued increase in Nov-Feb 
and May (Tornevi, 2015). 
    The required amount of pathogens for symptoms varies. About 1-1000 
particles of protozoans and viruses cause symptoms of diseases. Infection 
trough a wounded skin has a higher fatality than ingested (Leggett, 
Cornwallis & West, 2012). Also, the incubation time varies, making it difficult 
to map a trace of microbiological diseases (Hoxie, Davies, Vergeront, 
Nashold & Blair, 1997). Giardia cysts and Cryptosporidium oocysts, that are 
correlated with rainfall (Alterholt, LeChevalier, Norton & Rosen, 1998) are 
the main pathogens found in drinking water in the industrialised world 
(Chin, 2000). An increased water temperature may also be associated with 
Legionella (Smi, socialstyrelsen & SVA, 2011). Table 3 shows the pathogens 
that are of greatest importance to Sweden with classifications of pathogens in 
important factors e.g. their persistence in water sources.  
 
Table 3.  
The table presents waterborne pathogens that have meaning for Sweden. Adapted 
from “Dricksvattenförsörjning i förändrat klimat by Svenskt Vatten, 2007 based on 
WHO, (2011).  

	 Health	
significance 

Persistence	in	
water	source,	20°c 

Resistance	
to	chlorine 

Relative	
infectivity 

Important	
animal	source 

Bacteria 	 	 	 	 	 

Campylobacter jejuni, C.coli High Week	-	month Low Moderate Yes 

Escherichia coli pathogenic  High Week	-	month Low Low Yes 

Legionella spp. High Multiplies Moderate Moderate No 

Viruses 	 	 	 	 	 

Adenovirus High >month Moderate High No 

Norovirus  High >month Moderate High Potentially 

Sapovirus High	 >month	 Moderate	 High	 Potentially	

Protozoan 	 	 	 	 	 

Cryptosporidium High >month High High Yes 

Giardia intestinalis High Week	-	month High High Yes 

Naegleria fowleri High Ability	to	multiply	
in	warm	water 

High High No 
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78 outbreaks of diseases are known in Sweden between 1992-2011, where 70 
000 people became ill from drinking water (Folkhälsomyndigheten, 2016a). 
53% of them were linked to water from plants and 29% from private wells. In 
54% of the outbreaks the cause was unknown, in 20% the cause was 
Calicivirus and in 8% Campylobacter (Folkhälsomyndigheten, 2016b) (see 
table 3). The largest outbreak in Sweden and in Europe happened in 
Östersund in 2010, (about 100km from Åre ski resort) where Cryptosporidium 
made 27 000 persons ill (Folkhälsomyndigheten, 2016c). The outbreak is 
believed to have originated in the responsible water plants, due to breakage 
of pipe or low pressure, as well as backflow (Säve-Söderbergh, Malm, 
Dryselius & Toljander, 2013). When water flow (precipitation or snowmelt) 
becomes more intense it may be necessary to broaden the wastewater system 
(releasing untreated wastewater into the environment), which leads to a 
higher risk of sewage coming into raw water and surface water sources 
(Bergstedt et al., 2013; Charron et al., 2004). Treated and released sewage 
water (into the environment) is, according to Åström and Pettersson (2009), 
an important source of microbiological distribution. Charron et al. (2004) 
argue that mechanical problems are often involved in problems of water 
treatment. Fire can also affect functions and create disturbances for water 
related plants (SOU, 2007). 

3.1.1.5 Harmful substances 
Health and environmental disturbing substances, which are difficult to 
biodegrade and do not dissolve in water, are not removed through the 
infiltration process. Heavy rain and more frequent precipitation in 
combination with increased drying ground increases leakage of chemicals 
and other possible pollutions from e.g. old industries (SOU, 2015). There is 
also a correlation between chemical concentration and the groundwater level, 
when the water reaches organic matter higher up in the ground due to higher 
water levels (Aastrup et al., 2012).  
    A higher amount of natural organic matter (NOMs), e.g. due to warmer 
temperatures, require increased use of disinfectant chemicals, which increase 
the concentration of disinfection by-products (DBPs) (Kovacs, 2013). DBPs 
can consist of substances that have carcinogenic effects (Singer, 1993) and 
have previously been found in drinking water (Symons et al., 1975; Delpha et 
al., 2009). Temperature and treatment processes determine the effectiveness 
of removal pharmaceuticals (Choi et al., 2008). The factors reported to have a 
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significant effect on the formation of DBPs (except for operation factors) are 
dissolve organic carbon (DOC), pH, and temperature (Nikolaou, 
Golfinopoulos, Arhonditsis, Kolovoyiannis & Lekkas, 2004; Teksoy, Alkan & 
Baskaya, 2008). Treatment performance may be deteriorated, due to organic 
matter and increased degree of turbidity (which may be due to heavy rain) 
(Delpha et al., 2009). Poor wastewater treatment (which may arise from rapid 
population growth and operational constrains) creates a health hazard and 
can cause adverse effects on water bodies (Teklehaimanot, Kamika, Coetzee 
& Momba, 2015). The warmer the water, the easier it is to separate viruses 
(Aastrup et al., 2012; SOU, 2007; Dryselius, 2012). Chemicals that can affect 
human health are even more difficult to trace and correlate than 
microorganisms due to a longer time for an impact (Dryselius, 2012).  

3.1.1.6 Erosion, landslides and sediment load 
The IPCC states that erosion will become more intense even if the total 
rainfall does not increase. Climate change will affect sediment load in rivers 
based on change of land cover and water discharge (Juménez Cisneros et al., 
2014). Soil erosion has also a strong dependence on land cover and will (as 
well as sediment load) increase by an increasing temperature and heavy 
rainfall (Juménez Cisneros et al., 2014; Kundzewicz, 2007). An increased 
precipitation intensity that generates an increased erosion and runoff may 
further lead to an increased transport of pollutants (van Vlietand & 
Zwolsman, 2008; Zwolsmand & van Bokhoven, 2007; SOU, 2015). Another 
study shows similar results, in the Yellow River basin, were a connection 
between reduced precipitation and reduction in stream sediment loads were 
identified (Wang et al., 2007).  
    Identified crucial parameters for landslides are: changing groundwater 
conditions, higher flows, erosion, poor water pressure and ground frost 
conditions (SGI, 2012; Göransson, Hedfors, Ndayikengurukiye, Blied, & 
Odén, 2015; Andersson et al., 2015). Colder regions will experience a higher 
increase in sediment loads and soil erosion when total precipitation increases 
and when a shift from snow to rain occurs (Lu et al., 2010). A change in 
precipitation during the winter can also affect litter cover, biomass 
production and soil moisture (Kundzewicz et al., 2007). Extreme 
precipitation, e.g. monsoons in combination with population growth, can 
lead to an increased exposure (Petley, 2012). Higher air temperatures 
combined with reduced precipitation increase the risk of fire (SOU, 2015). 
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Fires with a subsequent rain will increase intense erosive events (Nyman et 
al., 2011). Landslides that affect infrastructure of e.g. wastewater systems 
may affect raw water quality (SOU, 2015) by e.g. contamination into the 
water grid (Dryselius, 2012). Land movement, heavy rain and higher flows 
can also affect important infrastructure for contamination or pollution (SOU, 
2015). Examples of infrastructures that can be affected and disrupt the 
operation of drinking water are pump stations, water treatment plant and 
wastewater treatment plants (Göransson, Norrman, Larson, Alen, Rosen, 
2013; SGI, 2012). Even smaller landslides can cause impacts, such as pipe 
breakage or damage of the water grid (Dryselius, 2012).  

3.1.2 Population and water 

3.1.2.1 Population and drinking water 
An increase in water consumption may affect the supply of drinking water. 
Kalmar (located in south of Sweden) is an example of a place that has 
experienced water shortage due to lower water levels in surface and 
groundwater sources, combined with increased number of consumers 
(summer tourists) (Länstyrelsen i Kalmar län, 2013). A similar situation has 
been seen in China were an imbalance of water demand and supply has 
occurred. The reason is increased water consumption as a result of an 
increased population and economic development. The underground water is 
decreasing (a trend since the past 40 years) and the sources will be empty if 
the trend continues. A case study concludes thou, that the management of 
pollution and water waste is even more urgent than decreasing water levels 
(Cui, Huang, Chen & Morse, 2008).  

3.1.2.2 Population and wastewater 
Rapid population growth (15.5-50% increase) in combination with 
operational constrains has shown to create pressure on wastewater treatment, 
resulting in poor quality of treated wastewater. In a study, in one of four 
treatment plants the performance was directly negatively affected by 
population growth. The other three failed with operational and maintenance 
problems due to population growth, i.e. indirectly affected by population 
growth. The majority of the released treated wastewater did not comply with 
regulatory standards (Teklehaimanot, Kamika, Coetzee & Momba, 2015). A 
study of the Old Town of Lijiang (a city in China with a rapid growing 
tourism industry and population) concluded that the crucial pressure on the 
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city was population, tourism, sewage treatment and ecosystem degradation. 
Although the sewage and wastewater were largely not treated before 
releasing it into the environment (Cui et al., 2011) the study indicates 
important factors for pressure. 

3.1.3 Means for protection of drinking water 

3.1.3.1 Public information and politics 
Political involvement and/or decisions are necessary for a municipality in 
Sweden to be able to work with a subject or a problem. Due to this, it is also 
very important that the public is aware of political issues so that they have 
the opportunity to engage (Hjerpe, Storbjörk & Alberth, 2014). In a study 
based on an expert panel discussing the problem of drinking water and 
climate change it was found that some of the experts on the panel imply that 
it is important for the public to be aware of what is expected of a society to 
provide good quality and how to build a resilient and sustainable system. 
Everyone in the panel agreed that the risk with managing drinking water is 
the highest in the public and politicians. Furthermore, the main obstacle for 
politicians is to develop adaptation strategies (Boholm & Prutzer, 2017).  

3.1.3.2 Municipal plan process 
A municipality in Sweden has trough the plan and building law and by the 
Environmental Code the control of the use of ground and water areas in an 
overview plan (indicative), and legally binding in the detail plans, rules 
within areas (Svenskt Vatten, 2007; Åre kommun, 2013), as well as in advance 
notice and building permits (Åre kommun, 2013). These means are therefore 
important when it comes to protecting drinking water, by planning where, 
when and what to construct etc. (Svenskt Vatten, 2007). According to the 
environmental goal proposition from the government (2000/01:130), one of 
the strongest ways of securing and protecting water supplies is to create 
water conservation areas. These areas should be supplemented with water 
supply plans. Swedish Water (2007) argues that, in order to meet the climate 
change perspective, water conservation areas should include e.g. areas of 
watershed and where the risks of contamination has the greatest change of 
occurring. Furthermore, it is stated that conservation areas should be revised 
to meet change factors. The investigation by The Governments Official 
Investigation means also that an important aspect for securing drinking 
water is the protection of watershed areas for extraction sources (SOU, 2007).  
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3.1.3.3 Preparedness in the water production and treatment 
The government’s official investigation argues that impacts on water plants, 
water supplies and distribution facilities that may be distributed from e.g. 
extreme weather, should be prepared for. It also identifies a need for 
education and information to handle the pressure of climate change. An 
example is the need for information to private individuals with private water 
supply about their risks and relevant protection measures. The report also 
highlights vulnerability when pipes are placed together, e.g. sewage and 
water pipes (SOU, 2007). The investigation by Swedish Water (2007, p. 29) 
summarized factors that should be in place to address major crises:  

• Risk insight and knowledge about how different scenarios can escalate 
• Preventive measures are taken and robust facilities 
• Availability of spare parts, chemicals and emergency equipment 
• Information preparedness 
• Access to various specialist competencies 
• “Permanent Watch” that captures early warning signals 

In cases where a temporary water source, e.g. a tank, is necessary knowledge 
is generally inadequate and the water amount can only handle small 
proportions, according to previous experiences (Svenskt Vatten, 2007). To not 
have access to reserve water source is then a vulnerability (Boholm & Prutzer, 
2017; Svenskt Vatten, 2007). Among the Swedish municipalities, 2% have 
done an exercise that includes all personnel for crises (in terms of drinking 
water). Chlorine levels necessary to reduce parasites are not allowed in 
Sweden. Chlorine is also applied to combat viruses, which it has a low effect 
against: “Novoviruses”, for example, are relatively resistant to chlorine 
(Svenskt Vatten, 2007). That is further confirmed by WHO (2011), which also 
added the bacteria Legionella spp. to have a moderate resistance to chorine 
(Table 3). Possible disinfection methods consist of ozone, UV-light or a 
sediment step, but the latter mentioned does not reduce the total amount of 
microorganisms (Svenskt Vatten, 2007). A Swedish study on gastrointestinal 
illness from drinking water investigated the connection between cleaning 
technology and illnesses. On average, over the year, most illnesses were 
correlated to low advanced cleaning technique plants using groundwater. 
The least amount of illnesses came from water from plants that used 
advanced technology, e.g. UV-light or Ultra-light (Tornevi, 2016).  
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3.1.3.4 Clear responsibility and cross-sectoral work 
The Governments Official Investigation (SOU, 2007) identifies, in its 
investigation of threats and opportunities for drinking water in Sweden, that 
the official responsibility for drinking water is largely shared between 
departments, authorities and agencies. Their recommendation to solve this 
(as they argue constitutes as a problem) is an improved coordination and a 
gathered responsibility. Swedish Water conducted an investigation of 
drinking water supply in a changing climate at the request of governments 
on climate and vulnerability investigation. Their study showed similar 
results: that communication is insufficient between different departments 
within a society as well as between communities (municipalities) regarding 
drinking water (Svenskt Vatten, 2007). Boholm and Prutzer (2017) mean that 
a clear picture of who is responsible reduces obstacles to adaptability.  

3.2. Mapping Åre ski resort’s situation today 
This section covers the mapping of Åre ski resort and hence its areas related 
to drinking water. 

3.2.1 Tourism development  
Åre ski resort has gone from being a small village to one of Sweden’s largest 
mountain and ski resorts (Hedberg, 2012; Widlund, 2016; Nilsson, 2010). The 
development of such rapid changes can be seen as a rare case (Widlund, 
2016). In 1882 the railway station opened, which can be seen as the most 
influential development for Åre ski resort as it radically changed the tourism 
conditions. Since then, the village has been a growing tourist destination 
(Nilsson, 2010) until in the latter half of the 1990s when the population 
declined, as well as the tourist industry. Shortly thereafter, efforts were made 
to reverse the trend. In 2007, for example, the Alpine World Ski 
Championship was arranged. Åre ski resort had 19 000 tourist beds in 1998 
and almost 28 000 in 2010, an increase of 3% per year or 45% in total. The 
number of guest nights has increased since 2003/2004 from 527 800 to 730 000 
in 2010/2011, an increase of 38%. Guest nights during periods other than 
winter have increased from 49 000 in 2004 to 130 000 in 2011, which is more 
than the double. The distribution of tourists (guest nights) in 2011 was 83% in 
winter and 17% distributed for the rest of the year (Hedberg, 2012). Year 
2015/2016 consisted of 800 000 guest nights, the highest number so far (Åre 
kommun, 2018). According to Helena Lindahl, (personal communication, 20 



 21 

March 2018), working as a business coordinator at the municipality, the 
municipality works with the assumption that the actual guest nights are 
twice as much as the ones presented above. The assumption is based on of 
the fact that the presented numbers represent only commercial rent and not 
private.  

3.2.2 Drinking Water  
Åre ski resort is supplied with drinking water from two water plants that 
pump raw water from two groundwater beds. One is located in Åre and uses 
a sand bed as an artificial infiltration; the water from this plant is classified as 
“natural mineral water”. The second plant is located in the opposite side of 
Åresjön further downstream and pumps raw water directly from the 
groundwater bed. Both groundwater beds are infiltrated with water from 
Åresjön, where the capacity is unknown (induced infiltration) (H. Svärd & C. 
Rudh, personal communication, 15 March 2018). The artificial infiltration 
process exists for removal of ions and manganese by aeration. The water is 
not cleaned in either of the plants nor changed in pH, alkalinity or hardness 
before it reaches the consumer. The second water plant is located just 
downstream the wastewater plant (M. Van De Griend, personal 
communication, 23 April 2018). According to Henrik Svärd (personal 
communication, 10 April 2018), water and sewage manager at Åre 
municipality, the water production has not experienced any problems of 
production or illnesses from drinking water. The pipes of the systems, with 
all equipment such as electricity lines and similar, are placed together 
underground, where the water pipe is on the top of the sewage pipe.   
    According to Martijn Van De Griend (personal communication, 23 April 
2018), engineer at the water department in Åre municipality, water samples 
for chemicals and bacteria (according to regulation) are taken once a week 
and it takes about a week to receive the results. If the results are abnormal, 
there are procedures for managing it, e.g. how information will reach the 
consumers. Information on how these routines work or more detailed 
information is however unclear. The recommendations are always 
preventive, which means that if problems have arisen, the recommendation is 
to boil water until normal test results are received. Usage of chlorine is 
prepared in both plants and stored in a near location as well as reserve 
power. The water system is built on pressure to pump the water to higher 
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latitudes. These pumps will not work on reserve power due to the large level 
differences, and distribution of power may occur on one level (more or less). 
Some training has been done; the latest one took place last fall and included 
e.g. power failure. However, the magnitude and what was included in the 
training is unclear. Large parts of documentation of operations back in time 
are missing. The department has until June to fulfil a Hazard Analysis and 
Critical Control Points (HACCP). According to Water Information System 
Sweden the chemical statuses of the studied groundwater beds are 
considered good (low reliability) (VISS, 2018a; VISS, 2018b 

3.2.3 Groundwater availability 
One of the groundwater beds is located in Åre and is the largest one with an 
area of 5km2. The evaluation of possible groundwater extraction is 5-25 l/s 
(about 400-2000 m3/d), which is considered good or excellent (VISS, 2018a). 
The other groundwater bed has an area of 0,55km2 and consists of the same 
possible extraction rate (VISS, 2018b). Both groundwater beds are based on 
sand and gravel (VISS, 2018a; VISS, 2018b), which make them, in combination 
with surrounding soil type (SGU, 2018b), belong to the classification of large 
groundwater beds (SGU, 2016d).  
    When studying calculated levels for large groundwater magazines in the 
area where Åre ski resort is based, a different pattern is shown over the years 
(Appendix B) (note that there is no specific calculations for the studied 
groundwater beds). The level is periodically a few months with levels “much 
below normal” and “much above normal” and levels in between them. The 
level of “much below normal“ has mainly occurred during the summer of 
June, July and August. No decreasing or increasing long-term trend can be 
seen. When studying the level pattern regardless of the magnitude 
(Appendix B) the levels increase in April and start to decrease most in May. 
Low water levels are found in June and July, and they increase again in 
August. According to VISS (2018a) the groundwater quality is good (low 
reliability). 

3.2.4 Wastewater 
Wastewater within the studied area is received in a treatment plant located 
+377 RH70. Treated water is released in Indalsälven (downstream Åresjön) 
and an automatic sample station exists in the outlet. Under high pressure 
(during high season), partial wastewater is sent to another infiltration station 
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(treatment plant) located further downstream and on the other side of 
Indalsälven. The sewage system (and water production) has old grids that 
cause leakage in and out. Leakages into the grid are dependent on e.g. 
snowmelt and precipitation. It is necessary to broaden the wastewater during 
high pressure. A new alarm of outflows (broadens) has recently been 
installed and samples in each outflow are taken. Maintenance work within 
the sewage department has begun this summer. The pump station connected 
to the smaller groundwater bed is located in the basement of the treatment 
plant, though highly separated (M. Van De Griend, personal communication, 
23 April 2018).  
    According to Veronika Viström, (personal communication, 26 April 2018), 
environmental inspector at Åre municipality, no inventory has been made of 
private sewage systems and a clear register of details is therefore missing 
over the study area. There exist many common facilities for private 
wastewater (sewages) in Åre ski resort due to a large number of tourist 
villages. She confirms the statement made by M. Van De Griend, that both 
drinking water and sewage pipes and grids are old.  
    The private sewage system has the potential to leak and thereby have an 
effect on drinking water. Åre municipality has control over the private 
sewers that are being emptied on sludge (by them). A map over these sewers 
(Ö. Norum, personal communication, 23 April 2018) shows that they are 
located along Indalsälven, which is where the population lives.   

3.2.5 Åresjön 
The ecological status of Åresjön is unsatisfactory (low reliability). The 
chemical status does not reach a good level regarding mercury and 
polybrominated diphenyl ethers (PBDW) (medium reliability). Both of these 
substances are common in Swedish surface water sources. However, most 
factors are not analysed for Åresjön (VISS, 2018c). Indalsälvens Water Quality 
Association performs measurements in Indalsälven (which also has the goal 
of keeping Indalsälven in drinking water quality) (Indalsälvens 
Vattenvårdsförbund, 2018). Kullenbron is one place where tests are taken and 
is located approximately 16km downstream from Åre (in Indalsälven) and 
can indicate values for Åresjön. Relevant drinking water parameters available 
are analysed, including phosphorus due to the result of the literature study. 
Until 2004, measurements were taken in April and then in March, hence the 
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appearance of the following figures. The Food Administration’s regulation on 
drinking water quality is used as a reference value for this study 
(Livsmedelsverkets författningssamling [LIV], SFS 2017:3).  
    pH measures the acidity or basicity of water. The limited value for 
drinking water to be considered good is 10,5 (Figure 5) (LIV, SFS 2017:3). All 
pH values at Kullenbron are lower than that.  
 

 
Figure 5. pH at Kullenbron, 16km downstream from Åre, from 1998-2017 
(Indalsälvens Vattenvårdsförbund, 2018).  
 
Turbidity measures particles in the water where higher values give 
deterioration of visibility. The particles can consist of microorganisms, 
organic material and/or inorganic material (small mineral grains) (Jonsson, 
2006). Limits for drinking water are 0,5FNU for outgoing water and 1,5FNU 
at the user (LIV, SFS 2017:3). The majority of measured values in figure 6 are 
below 1,5 and higher than 0,5. Two values (2002 and 2014) are higher than 
1,5. An increase of turbidity has not occurred since 1998.  
 

 
Figure 6. Turbidity at Kullenbron, 16km downstream from Åre, from 1998- 
2017 presented in FNU (Indalsälvens Vattenvårdsförbund, 2018).  
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Phosphorus is not mentioned in regards to qualities of drinking water (LIV, 
SFS 2017:3). But the classification of high total Phosphorus (tot-P) in lakes in 
Sweden is <12,5 (µg/l) (Naturvårdsverket, 2007). The tot-P levels at 
Kullenbron (Figure 7) show a varied pattern over the years and all except for 
one measurement in October 2000 does not exceed the limit. This indicates 
that there is no problem with algae bloom or eutrophication in Åresjön.  
 

 
Figure 7. Total Phosphorus (Tot-P) at Kullenbron, 16km downstream Åre, 
from 1998-2017, presented in µg/l. The columns with value 2 represent < 2.  
 
The microorganisms mentioned in Food Administration’s regulation (LIV, 
SFS 2017:2) for drinking water are Escherichia coli (E.coli), Intestinal 
enterococcus and Coliform bacteria. Limits for drinking water are 10 
numbers/100ml for Coliform bacteria and 0 number/100ml for E.coli and 
Intestinal enterococcus (LIV, SFS 2017:3). E.coli is a bacterium found only in 
warm blooded animals (intestinal), unlike Coliform bacteria, which may also 
come from other sources, such as surface water (interflow) and other types of 
bacteria (Jonsson, 2006). E.coli has been measured at Kullenbron in varying 
amounts from <1–1400 numbers /100ml which is not in accordance with good 
qualities for drinking water, see figure 8.  
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Figure 8. E.coli. at Kullenbron, 16km downstream Åre, from 1998-2017, 
presented in amount / 100ml. The columns that reach value 40 represent 
higher values (listed in annual order); 95, 70, 60, 350, 1400, 420, 200, 200. 
 
Coliform bacteria exceed the limits of recommended levels every year that it 
has been tested for. The highest value is up to 1610 amount /100ml, see figure 
9. The majority of each measurement for both E.coli and Coliform bacteria 
finds a variety of the bacteria’s each year and many of the measured values 
greatly exceed the limit. Data is missing for Intestinal enterococcus. 
 

 
Figure 9. Coliform bacteria at Kullenbron, 16km downstream Åre, from 1998-
2017, presented in amount / 100ml. The columns that reach value 100 
represent higher values (listed in annual order); 110, 170, 210, 101, 200, 490, 
1610, 420, 850, 380, 200.  
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The limit for nitrate in drinking water is 50mg/l NO3  (LIV, SFS 2017:3). All 
measured nitrate values in Kullenbron are well below the limit (Indalsälvens 
Vattenvårdsförbund, 2018). The nearby area around Åresjön (meaning 30 
meters from the edge in the water level) is classified as unsatisfactory 
(medium confidence) due to the fact that 44% of the area consists of active 
land and/or landscaped areas (VISS, 2018c).  

3.2.6 Water availability Åresjön 
The water regime (the water level variation and its changes) is high (low 
confidence) (VISS, 2018c). The water level follows a cycle over the year 
between levels +372 RH70 (winter) and +375 RH70 (May-June). This is when a 
combination of rain and snowmelt occurs that creates the highest water level. 
In 1995 it had the highest level of +375,95 RH70. The municipality has made 
an assumption, that if the water level rises a few decimetres from its highest 
level, a new water line will be created which will keep the water level at the 
same level as today in Åresjön (Åre kommun, 2005).  
    Åre ski resort produces artificial snow by pumping water from Åresjön. 
The maximum uptake is today 3,4 million litres per year. The effects of the 
level of water in the Indalsälven are due to the uptake, according to 
estimates, very small (Öhd, 2015). Åresjön has a low residence time, as it is a 
part of Indalsälven that has a high flow (SMHI, 2018b).  

3.2.7 Harmful substances 
According to Örjan Norum (personal communication 18 April 2018), 
environmental inspector at Åre municipality, the possible sources of leakage 
of harmful substances leakage in Åre ski resort consist of: district heating 
stations (oil), gas stations (ethanol, gas, oil), skisystem (gas, oil), Holiday Club 
(hydrochloric acid (fluid) and calciumhypoclorite (soild), old gas stations 
(gas, oil) and similar potential sources. Jämtland County has identified 
potential sources for such leakages, where the majority of the mentioned 
sources are included. The areas are mainly located in the centre of Åre and 
Duved (Länstyrelsen Jämtlands län, 2018b).  

3.2.8 Landslides 
Åre ski resort has experienced multiple landslides, which caused major 
damages and consequences (Wilén, Eurenius, & Anderberg, 1993; Malmström 
& Åberg, 2003; Löfgren, 2010; Danielsson, 2012; Länstyrelsen, 2013). Six 
stability studies have been carried out in the area of Åre municipality, where 
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all but one includes Åre ski resort and three focus directly on an area within 
Åre ski resort. A study in 2013 concluded that there were significant risks for 
landslides, especially in central Åre and Tegefjäll/Duved, with individual 
conditions throughout all of Åre ski resort. A study in 2018 further concluded 
that there are landslide and flooding problems in Åre ski resort and proposed 
further investigation and prevention measures (Andersson & Lundström, 
2018). Most landslides take place in late spring when it´s raining the most, 
but it has also occurred in March (Danielsson, 2012). The Swedish Geological 
Institute has identified areas that have great potential for landslides: the 
largest area is above Åre and is thereby above the largest groundwater bed 
and Åresjön (Länstyrelsen, 2013). Some water sources that drain the 
mountain in Åre have lost their biological functions due to a lot of sludge 
transport (Svensson, 2015). 

3.2.9 The municipal plan process 
An investigation by SVT (Swedish Television AB) studied 100 detailed plans 
(2005-2015) in Åre municipality and identified two clear Environmental 
Impact Assessments (EIA). The investigation furthermore stated that the 
county of Jämtland did not “permission test” existing building in Åre 
(Leijman, 2017). The latest overview plan for Åre municipality was adopted 
in 2017 (Åre kommun, 2012). For Åre ski resort there is also a detailed 
overview plan, adopted in 2005 (Åre kommun, 2005). These two plans should 
be updated in each mandate period (every four year) to include correct 
information and reflect accurate political values (Åre kommun, 2012). The 
detailed overview plan has not been revised since it has been adopted (Åre 
kommun, 2005). There is a water and drainage plan for the studied area (Åre 
kommun, 2012). The water conservation areas within the studied area are 
divided into three areas; primary, secondary and third. The extraction 
sources for the groundwater beds exist in the primary areas, the secondary is 
located around the first and the third are over watersheds. No water supply 
plans exist (H. Svärd & C. Rudh, personal communication, 15 March 2018).  
    When studying the overview plan, it shows that water conservation areas 
should be prioritized when exploitation is to take place and that drinking 
water sources thus have received a clearer focus. A description or guideline 
of what is meant by “prioritized” is missing. No further description or 
protections of the second and third water conservations areas are mentioned. 
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The primary water conservation areas are relatively well protected against 
new buildings; it is possible to enlarge existing buildings. This also applies to 
the surrounding area around a large water protected area (unclear if the last 
mentioned regards Åre ski resort as it is a general description and is not 
further mentioned in the detailed overview plan). Increased demand should 
be on research on hydrology, storm water management and geo technics in 
every plan and exploitation. The overview plan states that the drinking water 
sources are “seriously threatened by microbial affected water” and the 
threats originate from livestock, poor storm water management, private 
sewers and poor function within the water treatment plants and grids. Work 
should be done to reduce levels of released contaminated water by 
improvements of water treatment plants, supervision and of private sewage 
systems and actions to reduce them (Åre kommun, 2012).  
    When studying the detailed overview plan, water conservation areas are 
not mentioned. The plan concludes that the two groundwater beds have a 
good quality and quantity. Furthermore, it is stated that the amount of 
groundwater is “almost indefinite because of natural conditions” and thereby 
extraction can increase. The plan means that the extraction sources for the 
groundwater beds are protected, as they are located outside the village. The 
microbiological factor is not mentioned, and the plan lacks concrete 
protection of drinking water. Furthermore, clear explanations and directive 
for what is actually allowed is missing, it can be interpreted as wanted 
guidelines that can be understood differently (Åre kommun, 2012).  

3.3 Drinking water in Åre ski resort in relation to the DPSIR 
framework  
Based on the results from the literature study (Paragraph 3.1) and the 
mapping of Åre ski resort’s situation today (Paragraph 3.2), the most 
important factors regarding drinking water factors (which fulfils the 
parameters in table 1) have been identified for Åre ski resort. These factors 
have been categorized according to the DPSIR framework and are illustrated 
in a conceptual model (Figure 10). 
 



 30 

 
Figure 10. A conceptual model based on the DPSIR framework showing 
identified factors with the greatest importance for drinking water in Åre ski 
resort. “Sense of place” refers to soft values such as aesthetical and also 
includes inhabitants and seasonal workers.  

3.4 Scenario analysis  
Based on the identified factors in the “drivers” category (Figure 10) an 
analysis was made for changes in “climate” and “tourism”. The conceptual 
model (Figure 10) was used to describe the outcome of the two scenarios 
(what the changes of the factors mean), where the factors in the other 
categories have been evaluated and presented in a composite result. When 
data has been available, it has been used in the evaluation of the factors. 
Otherwise, the changes have been estimated based on the literature study 
(Paragraph 3.1) and the mapping of Åre ski resort (Paragraph 3.2).  

3.4.1 Climate change scenario 

3.4.1.1 Expected changes in the climate 
Predicted changes in climate parameters for Åre ski resort are presented in 
the following tables in combination with an explanation and analysis. Some 
reference values were divided into two periods; 1961-1990 and 1991-2013. 

	
	
	
	

	
	
	

	
	

Climate		
Tourism			
Gravity	

Surface	runoff		
Evapotranspiration		
Erosion		
Landslides			
Water	consumption		
Wastewater	production		
	

Microbiological	and	chemical	water	quality		
					in	groundwater	and	surface	water		
Water	availability		
Sediment	load	in	surface	water		
	
	

Waterborne	diseases		
Natural	water	purification		
Wastewater	treatment		
Tourism		
Sense	of	place		
	

Protection	of	drinking	water	in	the	plan	process		
Robust	and	prepared	water	production	and	wastewater				
					treatment		
Awareness	among	the	public	and	politicians		
Clear	division	of	responsibilities		
Cross	sectional	work		
Restrictions	of	artificial	snow	production		
Monitor	water	levels		
	

DRIVERS	

PRESSURES	

STATE	

IMPACTS	

RESPONSES	



 31 

1961-1990 could be seen as the most representative reference based on the 
assumption that climate change has affected the results in 1991-2013. The 
result is based on a lowest and a highest value. As the result is presented in 
change, the second value can therefore be of lower range than the first. 
December-February represent winter, March-May represent spring, June-
August summer and September-November fall. The definition for heat wave, 
in this scenarios, is referred as the year’s longest continuous period with a 
daytime mean temperature above 20°c (SMHI, 2018a). 
 

TEMPERATURE 
Table 4.  
Predicted changes in climate parameters regarding temperature based on climate 
scenarios: RCP4.5 and RCP8.5 compared to the reference year 1961-2013 in Åre ski 
resort (SMHI, 2018a). 

 RCP4.5  RCP8.5  

 2021-2050 2069-2098 2021-2050 2069-2098 

Mean temp. (year)  + 0-1°C + 1-2°C + 0-1°C + 3-4°C 

Mean temp (winter)  + 0-2°C + 0-4°C + 0-2°C + 2-6°C 

Mean temp. (spring)  + 2°C + 2°C + 2°C + 6-4°C 

Mean temp. (summer)  + 2°C + 4-2°C + 2°C + 6°C 

Mean temp. (fall)  + 2°C + 2°C + 2°C + 4°C 

Heat wave  + 1 days + 1-3 days + 1-2 days + 1-6 days 

 
In both scenarios, average temperatures and heat waves are increased 
throughout the year as well in each season, with a higher increase in 2069. 
The highest temperature changes (increase) occur in the summer, spring and 
winter in 2069. The average temperature in winter has the lowest possible 
change, except for RCP8.5 in 2069-2098. When putting together the results 
from the seasons with the yearly mean temp as well as from the scenarios 
(which show slightly different results) an increase with 1-2°C can be expected 
from both scenarios until 2050 and an increase with 2-5°C in 2069. 
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PRECIPITATION 
Table 5.  
Predicted changes in climate parameters regarding precipitation based on climate 
scenarios: RCP4.5 and RCP8.5 compared to the specified reference year 1961-2013 or 
given reference period in Åre ski resort (SMHI, 2018a).   

 RCP4.5   RCP8.5   

  2021-2050 2069-2098 2021-2050 2069-2098 

Annual mean 
precipitation 

1961-1990 + 75-150mm +150mm + 75mm + 225-300mm 

1991-2013 + 75mm +150-75mm +75-0mm + 225mm 

Mean precipitation (winter) + 0mm + 30-60mm + 30mm + 90-60mm 

Mean precipitation (spring) + 0-30mm + 30mm + 30mm + 30-90mm 

Mean precipitation 
(summer) 

1961-1990 + 30mm + 30-60mm + 30mm + 60mm 

1991-2013 + 0-30mm + 0mm + 0-30mm + 30mm 

Mean precipitation 
(fall) 

1961-1990 + 30mm + 60-30mm + 30mm + 60mm 

1991-2013 + 30-60mm + 60mm + 30-60mm + 60-90mm 

Max daily 
precipitation 

1961-1990 + 2mm + 3mm + 1mm + 5mm 

1991-2013 + 0-1mm + 1-2mm -1-0 mm + 3-4mm 

Number of days with 
precipitation over 
10mm 

1961-1990 + 3 days + 9-6 days + 3 days + 9 days 

1991-2013 0 days + 6-3 days 0 days + 6 days 

 
Annual average precipitation increases in each outcome. The largest increase 
occurs 2069-2098 for scenario RCP8.5 in each season. A somewhat higher 
increase in the fall can be seen in both scenarios, with the exception of RCP8.5 
2069-2098, where each season may have the same increase, but the lowest 
values imply summer. Maximum daily precipitation indicates the highest 
increase in heavy precipitation in RCP8.5 2069-2098 and a decrease may occur 
in 2021-2050. The numbers of days with precipitation over 10 mm have the 
highest increase in the second half of the century for both scenarios. When 
putting together the scenarios for the yearly mean temp the increase will be 
approx. 75-150mm until 2050 and increase with approx. 150-225mm in 2069.  
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FLOODING 
Table 6.  
Predicted percentage changes in climate parameters for floods based on climate 
scenarios: RCP4.5 and RCP8.5 compared to the reference year 1963-1992 in Åre ski 
resort (SMHI, 2018a). 

  RCP4.5   RCP8.5   

  2021-2050 2069-2098 2021-2050 2069-2098 

Local 100-year runoff   -5-5% -5-5% -5-5% -5-5% 

Total 10-year runoff   -5-5% -10- -5% -5-5% -20- -15% 

Total 100-year runoff   -5-5% -5-5% -5-5% -20- -15% 

 
Selected parameters represent flood indications where “local 100-year run 
off” refers to local runoff with a return time of 100-years. “Total” includes the 
total daily average runoff with the specified return time. The local 100-year 
runoff results show no rapid changes, except for a decrease in 2069. The total 
10-year runoff parameters indicate a decreasing change in 2069 for both 
scenarios with a higher decrease for RCP8.5. The overall results indicate that 
normally high flows will be more or less the same as today except if RCP8.5 
occurs: then the total flooding will rapidly increase in 2069. 
 

SOIL MOISTURE 
Table 7.  
Predicted changes in soil moisture (amount of days with low soil moisture) based on 
climate scenarios: RCP4.5 and RCP8.5 compared to specified reference year in Åre 
ski resort (SMHI, 2018a).  

 RCP4.5  RCP8.5  

 2021-2050 2069-2098 2021-2050 2069-2098 

Soil moisture  1961-1990 + 5 days + 15 days + 10 days + 20 days 

1991-2013 0 days +10 days +5 days +15 days 

 
The amount of days with low soil moisture increase with an exception for 
scenario RCP4.5 for 2021-2050 compared with reference year 1991-2013. The 
result indicates a higher increase of days with a drier ground soil in 2069.   
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SNOW COVER 
Table 8.  
Predicted changes in climate parameters regarding snow cover based on climate 
scenarios: RCP4.5 and RCP8.5 compared to specified reference year in Åre ski resort 
(SMHI, 2018a).  

 RCP4.5  RCP8.5  

 2021-2050 2069-2098 2021-2050 2069-2098 

Changed snow cover, max 
water content 

1963-1992 -35- -25%  <-40%  -40- -30%  <-40%  

Number of days with snow 
cover, at least 5mm water 
content  

1961-1990 >0- -20 days -20-40 days >0- -20 days -20-60 days 

1991-2013 >0 days -20 days >0 days -20- -40 days 

Number of days with snow 
cover, at least 20mm water 
content  

1961-1990 -20 days -20-40 days -20-40 days -60 days 

1991-2013 -20-0 days -20 days -20 days -60- -40 days 

 
The snow cover with maximum water content is reduced in large amounts, 
where <-40 represents the lowest predicted value, with lowest amount of 
water content. The numbers of days with at least 20 mm water content 
decrease in each outcome. The trend for 5 mm is also decreasing. The results 
indicate a total less water content in snow and a reduced amount of days 
with snow cover.  

3.4.1.2 The outcome of the climate change scenario based on the DPSIR model 
(Figure 10) 
As annual average precipitation increases in Åre ski resort and a more 
intense precipitation (days with precipitation of 10mm per/day) is expected 
(Table 5), surface runoff is likely to increase. As the average temperature 
increases (especially during summer time) (Table 4) and soil moisture 
decreases (Table 7), evapotranspiration is likely to increase during warmer 
periods in summer. It can also occur during the extending number of days 
with heat waves (mainly RCP8.5 in 2069). Based on Åre ski resort’s issues 
with erosion and landslides, the climate changes (high increase of average 
precipitation, increase mean temperature and a shift in precipitation from 
snow to rain) will increase in larger magnitudes. An increased surface runoff 
further increases the magnitude of erosion and landslides. These changes will 
decrease the microbiological and chemical water quality in groundwater and 
surface water, and increase the sediment load in Åresjön. There further exists 
an increased risk of leakage of chemicals and other harmful substances, due 
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to an expected increase of heavy rain, more frequent precipitation and a 
dryer ground at Åre ski resort. These substances have the potential to reach 
both Åresjön and the groundwater beds and are further distributed by an 
increased amount of runoff. Disturbances in the water plant and/or leakage of 
chemicals due to fire is unlikely as only one scenario (RCP8.5 2021-2050) 
indicates that. Table 9 shows the expected changes in water level in large 
groundwater beds in the Åre ski resort area, based on the different climate 
scenarios. The result indicates a slight increase in water levels in 2069.  
 
Table 9.  
The table presents the predicted change in slow changing groundwater beds based on 
a scale of unchanged, small, medium and large increases from reference year 1961-
1990 (SGU, 2015).  

RCP4.5 
2021-2050 

RCP4.5 
2069-2098 

RCP8.5 
2021-2050 

RCP8.5 
2069-2098 

Unchanged Small increase Unchanged Small increase 

 
An increase of “waterborne diseases” is expected which is highly dependent 
on the “robustness and preparedness in the water production and 
wastewater treatment” as they determined the extent of the problem. As the 
groundwater beds are expected to increase in 2069 (Table 9) the “unsaturated 
zones” will decrease. This will have an impact of the “natural purification of 
water” (groundwater), which can further increase “waterborne diseases” (to 
a small affect). An increase in “water availability” in Åresjön also increases 
the risk for “waterborne diseases”, as the water will receive more pathogens 
or microorganisms due to the classified unsatisfied area around the lake. The 
location of the wastewater treatment plant could be vulnerable as the highest 
water level today has been +375,95 RH70 and the plant is based at +377RH70. 
However, the expected flood changes indicate smaller changes, with a 
decrease in 2069, resulting in a reduced vulnerability. The expected changes 
in the rainfall for Åre ski resort (both intensities and amounts) and changes in 
precipitation (from snow to rain), will lead to an increased need for broaden 
wastewater. This could in turn risk the groundwater and increase the risk for 
pollution of Åresjön. That can, again, directly be addressed by a “robust and 
prepared wastewater treatment plant and system”. A higher risk of DBPs in 
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drinking water will exist, due to the use of chemicals when the water quality 
is poor (e.g. surface water), which is causing an increased pressure on the 
“wastewater treatment”. The “tourism” (impact) and the “sense of place” will 
decrease, as it is dependent of the changed factors to exist. An example of a 
dependence is a worsened quality regarding microorganisms in Åresjön 
which impacts the willingness to bathe and perform activities in the water, or 
create a bad reputation for Åre ski resort due to problems with drinking 
water of poor quality. The “awareness among the public and politicians” 
need to increase in relation to a changing climate as more consequences are 
expected, but mainly because their awareness is of high importance for 
prioritization of how a municipality will work. “Clear division of 
responsibilities and cross sectional work” changes the system of handling the 
problem or subject and is therefore important for all mentioned changed 
factors, as they all are part of the problem (drinking water). The “restrictions 
of artificial snow production“ will be of high importance as the need for more 
artificial snow (to still be a ski resort in the same extent as today) when the 
amount of snow cover and days with snow decreases. “Erosion” and changes 
in “water availability” (water levels) is also dependent on the artificial snow 
as it causes more surface runoff. “Monitoring water levels” is in this scenario 
important for both Åresjön and the groundwater levels. Changes in the water 
levels in Åresjön will cause changes in the degree of “surface affected” 
groundwater (as infiltration area changes).  In case of flooding (small chance), 
there is a risk of intrusion, both in the groundwater beds and in the plants, 
which could have large impacts. Groundwater levels are expected to increase 
in 2069 and hence the unsaturated part which partly determined the quality 
of the water, makes monitoring important.  
    This climate change scenario will be more intense in 2069 (if nothing else is 
mentioned), as the majority of the climate parameters (e.g. precipitation) 
consist of a large increases/decreases (changes) at that time. An overview of 
the changes in this scenario can be seen in figure 11.   

3.4.2 Tourism development scenario 

3.4.2.1 Tourism forecast 
The yearly curve of guest nights in Åre ski resort has gone from a clear 
upward trend to more stagnant (Åre kommun, 2018). The Alpine World Ski 
Championship will be held in 2019 in Åre (Svenska skidförbundet, 2016) and 
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several tourist beds are under construction and/or are being planned for (Åre 
Sadeln, 2018; Rödkullen, 2018). This indicates a continued increasing 
trend,and that the peak has not yet been reached. Åre ski resort also has a 
vision of becoming Europe’s most attractive and sustainable alpine year-
round destination and envisions reaching 1 100 000 guest nights in 2035 (Åre 
kommun, 2016b). Based on this, an assumption is made, that Åre ski resort is 
at the consolidation stage today (see appendix A, for more explanation of 
Butler’s theory that is used). The most important factor for which the next 
stage Åre ski resort will enter depends on time based on the yearly guest 
nights chart (Åre kommun, 2018). Åre ski resort may only have entered the 
consolidation stage and it can take a while until it enters the next stage (the 
stagnation stage could still happen in 2100). However, the trend (the situation 
of present time), suggests that it will follow curve A: rejuvenation. That is 
possible because the majority of tourists visit Åre ski resort during winter in 
present time (Paragraph 3.2.1) and efforts are being made to create a 
destination to visit year round. Åre ski resort can also be considered to have a 
unique environment, due to being near and have an easy access to mountain 
areas (nature areas) from infrastructure (Åre kommun, 2012). That can be 
interpreted as a long time attractiveness, which is one demand to follow 
curve A). However, the natural resources are not endless and the ecosystem 
is degraded today, e.g. in Åresjön (Paragraph 3.2.5). Nevertheless, Åre ski 
resort has the potential to follow each curve of Butler’s model (Appendix A) 
and the path depends on how Åre ski resort treats and/or protects its 
ecosystem. A continuous increase of tourism in the near future is expected 
and the development follows the trends and conditions (ecosystems) of 
present time, which indicated that it will follow curve A or B.  
    If it is assumed that Åre ski resort will reach its goal of 1 100 000 guest 
nights in 2035 and follow the same development rate to the top of the 
stagnation cure (see appendix A) which occurs 2054 and stagnates for 10 
years and then follows the curve B to 2100 at half-speed as earlier. The 
development rate (based on the vision) is an increase of 16 000 guest 
nights/year. The result is then 1 692 000 guest nights in 2100. Actual guest 
nights (the assumption that the municipality works with) is then double; 3 
384 000 guest nights in 2100 (Appendix C).  
    An overview of the changes in this scenario can be seen in figure 11.  
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3.4.2.2 The outcome of the tourism development scenario based on the DPSIR model 
(Figure 10) 
The expected rapid and large increase of number of tourist to 2100 will 
increase the level of erosion and the amount, as well as magnitude, of 
landslides as the tourism industry is connected to exploitation such as new 
construction of building and clear cutting to create slopes. The use of the 
ground (and water) is also more exposed, as activities (e.g. downhill biking 
and hiking) are the major reasons for tourist to visit Åre ski resort. Both the 
“water consumption” and “wastewater production” will increase in relation 
to the number of tourists. Based on today’s water production and the forecast 
of the tourism development the water consumption will be 4 018m3/day in 
2100 (Appendix D). The water consumption (or production) will bring a 
decrease in the “water availability” of the groundwater beds as the extraction 
capacities are between 800-4000m3/day, which means a maximum use in 2100 
during high water levels. However, for this calculation the production is 
distributed evenly over the year, which means that the actual rate is higher 
due to the variations in number of tourists (if not the tourist will become 
totally equal over the year). It is difficult to determine how long an overuse is 
possible because infiltration capacities are unknown. However, since the 
magazines are large, it will take time before they will be empty: roughly 33 
years in 2100 (calculated with no input of new water (Appendix F)). A 
deterioration of the “microbiological and chemical water quality in 
groundwater and surface water” will occur as particles (e.g. humus) will 
reach Åresjön as it is often the end destination, which increases the sediment 
load in Åresjön and also worsens the quality. The increase of wastewater 
production increases the need for broadening the system and microbiological 
particles will increase the risk for ending up in Åresjön and groundwater 
beds. Such changes in the state of “microbiological water quality (both 
surface and groundwater)” will increase “waterborne diseases” as an increase 
of pathogens can reach the drinking water both trough Åresjön and directly 
to groundwater beds. Pathogens levels in Åresjön also cause a risk for 
infection when swimming. A decrease of the “water availability” in the 
groundwater beds increases the natural water purification, which decreases 
the risk of pathogens reaching the groundwater beds. The “wastewater 
treatment plant” will be under higher pressure due to an increase of NOMs 
and the amount of wastewater. The “tourism” (state) and the “sense of place” 
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will both decrease as a worsened quality and quantity of the surface and 
groundwater is dependent for its existence. For example, the occurrence of 
“landslides” affects the possibility for building projects, but may also cause 
concern for residential areas already in sensitive grounds for landslides. The 
plan process has a high importance to the tourist development as it 
determines the options for its development. By protecting the drinking water 
an increase of the tourism can occur and causing less impacts. The planning 
process also minimizes the effects from erosion and landslides as it can 
protect sensitive areas and decide e.g. where and how to build but also 
suggest preventive measures. That in turn will minimize the mentioned 
effects in the category “state”. The number of “waterborne diseases” is 
therefore of high importance in the planning process as it is connected to the 
above-mentioned factors (causing a smaller loop within the conceptual 
model). The decreasing tourism and the sense of place are also connected to 
this loop. The “robustness and preparedness of the water production and 
wastewater treatment” have a strong minimization of the “water 
consumption” but is dependent on the “water availability” depending on 
how well it functions under changes and higher pressures. “Monitor water 
levels” includes in this scenario to monitor groundwater levels, which is a 
part of the water plants preparedness. The “awareness among the public and 
politicians” increases as the number of tourist increase, as tourists might not 
take the same responsibility or actions during vacations compared to home 
locations. An increase of the “awareness” minimizes all mentioned factors, as 
it (just as clear division of responsibilities and cross sectional work) is a more 
general response that changes more the total system or norms. The 
“restrictions of artificial snow production” becomes more important if slopes 
or the length of the season increases as the number of tourists increase which 
means an increase of artificial snow to expand the system.  
        An overview of the changes in this scenario can be seen in figure 11.  
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Figure 11. The outcome of the scenario analysis where red represent changes 
for the changes in the climate and blue for tourism, presented in the 
conceptual model based on the DPSIR framework showing identified factors 
with the greatest importance for drinking water in Åre ski resort. + indicates 
an increase and – indicates a decrease/deterioration. 

3.5 Vulnerability assessment 
To identify and evaluate vulnerabilities, the listed factors in figure 11 and 12 
have been quantified based on their importance for affecting drinking water 
(quality and amount) at Åre ski resort. It has been based on the findings in 
previous sections, especially from figure 12, which shows the result of the 
scenario analysis in relationships based on the DPSIR framework. Three 
scenarios are used: business-as-usual, climate change, and tourism 
development. The quantification was based on classifying the factors into 
four different degrees of importance. The result is shown in table 10 followed 
by more analysis of their importance as well as estimated points (which are 
not already mentioned in the scenario analysis (Paragraph 3.4)).  
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Table 10.  
Quantified factors for their importance for drinking water quality and amount in Åre 
ski resort based on figure 10 and 11, hence paragraph 3.4, as well as a scenario 
(business-as-usual, where no changes has been considerate). 1 = small, 2 = moderate, 
3 = considerable, 4 = severe and X = not quantifiable. M.bio stands for 
microbiological. 

 
 
 
 

 Business-
as-usual 

Climate 
change 
scenario 

Tourist 
development 
scenario 

TOTAL Type of Factor 

PRESSURES 

Surface runoff 1 3 X 4 Water 

Evapotranspiration 1 1 X 2 Water 

Erosion 2 3 4 9 M.bio 

Landslides 2 3 4 9 M.bio 

Water consumption 2 X 4 6 Water 

Wastewater production 2 X 4 6 M.bio 

STATE 

Microbiological and chemical 
water quality in groundwater 
and surface water 

2 (Åresjön) 3 4 9 M.bio 

Water availability 1 2 (2069) 3 6 Water 

Sediment load in surface 
water 

2 4 3 9 M.bio 

IMPACTS 

Waterborne diseases 1 3 4 8 M.bio 

Natural water purification 3 2 1 6 M.bio 

Wastewater treatment 2 4 4 10 M.bio 

Tourism X X X X X 

Sense of place X X X X X 

RESPONSES 

Protection of drinking water 
in the plan process 

2 4 4 10 Water. M.bio 

Robust and prepared water 
production and wastewater 
treatment 

2 4 4 10 Water. M.bio 

Awareness among the public 
and politicians 

1 2 2 5 Water. M.bio 

Clear division of 
responsibilities 

1 2 2 5 Water. M.bio 

Cross sectional work 2 3 3 8 Water. M.bio 

Restriction of artificial snow 2 3 3 8 Water 

Monitor water levels 1 2 3 6 Water 
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“Wastewater treatment”, “plan process” and “robust and prepared water 
production and wastewater treatment” have the highest total points (Table 
10). This indicates that they are the most vulnerable factors when compiling 
business-as-usual, the tourism development scenario and the climate change 
scenario. If the total points in table 10 are placed into the conceptual model 
(Figure 12) it is possible to see the weakest “loop”. Thus, the highest points in 
each category constitute a loop and identify a subsystem as the most 
vulnerable. This sub-loop includes the factors: “erosion”, “landslides”, 
“microbiological and chemical water quality in groundwater and surface 
water” and “sediment load in surface water” (Figure 12).  
 

 
Figure 12. The total points for quantification of the identified important 
factors in the conceptual model in relation to the DPSIR framework.  
 
Looking separately at business-as-usual, the most vulnerable part is the factor 
“natural water purification”. This is because the drinking water in Åre ski 
resort is untreated and unchanged groundwater, which means that the 
ecosystem is providing good quality of drinking water. However, it is 
uncertain if Åre ski resort’s drinking water system meets the study definition 
of sustainable drinking water systems (Paragraph 1.2). This is based on the 
fact that “normal” illnesses (not outbreaks) may exist in correlation with 
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current precipitation (and current sewage factors) (as shown in Tornevi’s 
study (2015)). Furthermore, the Tornevi (2015) study shows that most 
illnesses (average over the year) derived from low technology plants with 
groundwater as raw water, which matches the Åre ski resort’s drinking water 
system. The mandatory measurements (performed by the water plants in Åre 
ski resort) do not include viruses, and tests for E.coli (used as an indicator for 
fresh faeces) do not indicate the actual rate of infection, as this is further 
dependent on types of pathogens. This problem can also be applied to 
chemicals, which can be more difficult to detect and more difficult to link to 
drinking water (diseases or other potential affects). Water production today 
(which represents 2009m3/day on average over the year (Appendix D)) 
indicates a potential for overuse in winter (capacity 800-4000m3/day), as the 
distribution of tourists accounts for 83% in the winter months (a much higher 
number of production then). As the groundwater beds are classified as large 
(slow response time) a reduced level will be more severe and the 
identification will be prolonged (if no continuous measurements are made). 
The lowest levels of extraction capacity can reflect the indication that the 
water levels are well below normal (Appendix B) and overuse at that point 
would lead to a sinking groundwater bed, which aggravates the 
shortcomings. However, since the calculations are simplified and extraction 
capacities general, “water production” got point 2 instead of potentially 3.  
    Looking separately at the points for the climate change scenario, the three 
highest points are the same as in the total points plus “sediment load” (which 
is due to increased surface runoff). It is also true for the tourism development 
scenario but it contains more factors: “erosion”, “water consumption”, 
“wastewater production”, “microbiological and chemical water quality in 
groundwater and surface water” and “waterborne diseases”. The tourism 
development scenario has the most amounts of total points and can therefore 
be seen as the largest driver.  
    The result further shows that the most vulnerable parts of the municipal 
drinking water system in Åre ski resort (regarding both surface water and 
groundwater) is expected to consist of microbiological factors. Wastewater 
(sewage) combined with wastewater production and increased precipitation 
represents the largest part for which pathogens are responsible for 
waterborne diseases (addressed by “robust and prepared water production 
and wastewater treatment“ and “protection of drinking water in the plan 
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process”). According to the model (Figure 10), wastewater represents the 
main source of waterborne diseases. The cleaned sewage water from Vik 
being released to Indalsälven (a second water conservation area) and one 
groundwater bed being located slightly downstream, points to the 
importance of a good functioning plant with little potential of releasing 
poorly cleaned water. Possible effects on raw water are considered to be high 
as the groundwater beds are induced with water from Åresjön and the 
infiltration rate is unknown. Because the unsaturated zone is missing in 
induced infiltration, the potential for the influence of the raw water increases. 
Since the measurements taken in the water plants are prolonged with a week, 
drinking water will reach and be used by the consumer until deterioration of 
quality is detected. In other words, people will get sick before the crew in the 
water plant are aware that the water has poor quality. This applies mainly to 
situations where no visible damage has occurred (e.g. landslides causing pipe 
breakage), as boiling of drinking water is recommended when more visible 
problems occur.  

3.6 Adaptation solutions 
The adaptation solutions are based on the points in table 10, where the most 
identified factors are quantified for their importance of drinking water. It is 
the highest points in each scenario (business-as-usual, climate change and 
tourist development) as well as the combined total results that constituted as 
the basis for the presented solutions. The most effective adaptation solutions 
consider changes in the “protection of drinking water in the plan process” 
and “robustness and preparedness in the municipal water production and 
wastewater treatment” as they are identified as the most vulnerable factors, 
both in total and separately (not for business-as-usual situation). The factor 
“wastewater treatment” addresses directly the “robust and prepared water 
production and wastewater treatment” and is therefore included in the 
factor. It is through the planning process the situation affecting drinking 
water (including Åresjön) can be addressed and it is the robustness and 
preparedness that can help meet expected changes.  
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Robust and prepared water production and wastewater treatment 
• Increase knowledge of: 

 Infiltration capacity for Åresjön to groundwater beds and precipitation to 
groundwater beds (to determined actual effects on raw water from 
microbiological particles).  
 Unsaturated zones above the groundwater beds (to determined actual 
effects on raw water from microbiological particles).  
 The water level in the groundwater beds (to determined when an actual 
overuse has potential to occur in relation to production). 

• Daily measurements of the turbidity of the raw water in the water 
plants (to immediately indicate microorganisms, pathogens, which 
significantly reduces the risk of consumers becoming ill). 

• Installation of UV light or Ultra-filter in the water plants (to treat the 
raw water when it has pathogens and when the chorine is ineffective, 
e.g. for viruses and protozoans).  

• Water levels monitoring in the groundwater beds (to identify when an 
overuse occurs and when the unsaturated zone is decreasing (natural 
water purification)). 

• Prepare for an additional water supply source (to be used when the 
number of tourists increases). 

• Mapping of private sewers and their vulnerabilities (to identify 
potential sources of pathogens leakage and be to prioritize actions). 

• Create a plan to reduce the need for broadening the system today and 
in the future by e.g. more often using the extra infiltration station or 
other potential needs or techniques. 

 
Planning process 

• More stringent protection of water conservation areas in the overview 
and detailed overview plans, especially for secondary and third 
conservation areas. 

• Stronger protections for areas sensitive to erosion and landslides and 
measures to strengthen areas sensitive today to cope with the expected 
climate changes that can reduce the increasing sediment load in 
Åresjön. 

• Remove space for interpretation and become more serious by creating 
a more steering document instead of a guideline. There should be clear 
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suggestions when and how exceptions can be made, of which a 
percentage of dispensation (or similar measurable instruments) can 
contribute to a clearer control. 

 
Further solutions: 

• Holistic and cross-sectorial work (natural communication and work 
between departments within the municipality and private owners of 
water supply and drainage systems, as well as between communities, 
within the municipality and across municipal borders (can be applied 
to the planning process)). 

 
• Maintain the restriction of artificial snow production (uptake from 

Åresjön), which partially addresses the erosion and landslide, and 
sediment load vulnerabilities.  
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4 Discussion 
The result shows that drinking water is a sensitive provision in Åre ski resort, 
which becomes more vulnerable due to expected effects of climate change 
and an increased tourism. The number of tourists has been identified as the 
main driver for affecting drinking water (if no adaptation is made) due to the 
fact that it received most amounts of high scores in the vulnerability 
assessment. The amount of drinking water may be under an unsustainable 
use today, which will increase as the number of tourist increases. This is 
combined with no monitoring of groundwater levels or knowledge of 
infiltration capacities, which contributes to this risk. Identified vulnerability 
factors include an increase of microbiological particles in surface and 
groundwater, and an increased sediment load in Åresjön with particles 
resulting from erosion and/or landslides. The most vulnerable factors 
however, lie within the municipal planning process and the preparedness for 
water production and wastewater treatment. It is also within these factors 
opportunities for adaptations (indirect and direct) are present, and which are 
considered necessary to apply in order to ensure sufficient drinking water of 
good quality until 2100.  
    Although this study is a case study based on Swedish regulations, similar 
patterns can be seen elsewhere under similar circumstances, which makes the 
result applicable to other tourist areas. Especially other seasonally based 
tourist areas with the potential to develop into a year-round tourist 
destination are suitable. As the result was based on the fact that gravity was 
identified as a factor in the “drivers” category in the DPSIR framework, 
tourist areas with similar geographical conditions as Åre are the most 
suitable. Furthermore, the results are highly dependent on the type of data 
(literature study) and the information provided by the municipality 
(regarding the mapping of the situation of Åre ski resort). Interviews of 
employers, politicians and private persons are a method that can be used in 
order to collect data and information. However, it has not been used in this 
study to uphold an objective focus, which could have been influenced by 
people’s thoughts. But such a method can provide more information to the 
studied subject. The DPSIR framework has been both valuable and 
unnecessarily troublesome. The complex and the problematics surrounding 
the studied problem has been shown using the tool, and is considered 
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suitable for use when creating scenario analysis (as changes can clearly be 
applied). The potential for interpreting the tool in different ways is a 
weakness, resulting in different outcomes and can be avoided by clarifying 
personal interpretations, thus saving a lot of time. Categorizing areas or 
factors into a particular category forces the problem to be explained in detail, 
which is good for identifying weaknesses.  
    When it comes to calculating water consumption and analysing tourism 
development, fluctuation is a variable that can be included to bring results 
closer to reality. The expected tourism development should be seen as an 
example of a possible future as future forecasts are very difficult to create 
with high reliability. The lowest levels for groundwater bed in the study area 
have been seen in the summer and the majority of the tourism is today in the 
winter. These seasonal differences are interesting areas for future studies, as 
they can be linked together and result in greater seasonal impact.   
    Few studies were found in the literature study that had the same approach 
or purpose as this study, making the result difficult to compare. Drinking 
water in relation to climate change is investigated from an overall perspective 
(barriers and opportunities) in e.g. Swedish Water (2007). However, this 
study is partly based on that investigation, as it has collected data from it, 
hence the result is not comparable.  
 
Further recommendations for future studies: 

• Investigate potential increase in water level of Indalsälven and its 
influence on water quality. 

• Map potential threshold level for the decreasing microbiological 
barrier resulting from increasing groundwater level for drinking water 
contamination. 
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5 Conclusions 
 

• The most vulnerable areas in the studied drinking water system are 
identified in the protection of drinking water in the planning process 
and in the preparedness of water production and wastewater 
treatment. Thus, the majority of adaptations are presented.  

• Tourist development is considered to be a larger driver than climate 
change in regards to deterioration of surface and groundwater 
qualities, primarily by increasing microbiological particles.  

• Increases in the number of tourists combined with insufficient 
monitoring of groundwater levels and infiltration capacity knowledge 
are unsustainable and are expected to reduce the amount of water in 
the large groundwater beds. 

• To ensure sufficient drinking water of good quality up to 2100, it is 
recommended to implement direct and indirect adaptation measures.  
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Appendices 

Appendix A 
Butlers theoretical model of evolution of a tourist area 
 
In the first stage, exploration follows a small number of tourists an irregular 
visitation pattern, and facilities just for tourist does not exist. Their influence 
on environment, economy and social life is more or less insignificant. The 
second stage, involvement, follows an increased number of tourists; a pattern 
of some regularity and a development of a tourist season can start. Some 
facilities just for tourist start to exist as well as travel arrangements. In the 
third stage, development, the tourist settlement has now been established. 
Multiple facilities and arrangement for visitors is a fact and a start of 
disappearance of locally facilities occurs. The physical environment will 
change due to tourism. The type of tourists will change to a more wide range. 
The fourth stage, consolidation, follows the rate of tourists, showing a 
declining trend of the rate but with an increasing total number. Tourism now 
plays a vital role for the economy and an extension of the tourist season often 
occurs. The number of tourists exceeds inhabitants and number of facilities is 
large. In the fifth stage, stagnation, the peak of number of tourist has been 
reached as well as the level of capacity, which causes problems. The area has 
lost it appearance as trendy and ownership changes often occur. Tourist beds 
will stand empty during season. Then the stage decline can occur, which is 
characterized by a numerically and spatially declining market. Here facilities 
are often switched from tourist structures to structures related to inhabitants. 
Stage rejuvenation could also happen and demands a unique solution to reach 
a nearly timeless attractiveness where carrying capacity is not a threat. The 
stage mainly only occurs when the attraction of the area is completely shifted 
either as a man-made attraction or as untapped natural resources. This could 
also happen for winter sport tourism seasons, where a shift goes from 
seasonal attractions to attractions over the whole year. Curve B could appear 
when the level of capacity goes through minor adjustments and 
modifications where recourses are protected. Curve C is characterized by a 
stabilization of tourism after a readjustment of all levels of capacity. Curve D 
symbolized a market decline due to a continued overuse of resources.  Curve 
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E stands for an immediate decline where the reason could depend of diseases 
or catastrophic events (Butler, 1980).  

 
Figure A1. Illustration of the hypothetical evolution of a tourist area, 
1=Involvement, 2=Exploration, 3=Development, 4=Consolidation, 
5=Stagnation, 6=Rejuvenation, 7=Decline. Adapted from “The concept of a 
tourist area cycle of evolution” by Butler (1980).  
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Appendix B 
Groundwater levels in Åre ski resort 
 
Table A1.  
The colors represent a calculated groundwater level in Åre ski resort from 1984 to 
2017. Red indicates the status ”much below normal”, yellow ”below normal”, green 
”close to normal”, light blue ”above normal” and dark blue ”much above normal” 
(SGU, 2018a).  
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Figure A2. The chart shows calculated groundwater level in larger magazines 
in Åre ski resort from 1984 to 2017 presented in months. The result is the 
same as in table 1 (Appendix B) but presented in a column diagram to show 
the difference in amount, fluctuation (SGU, 2018a).  
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Appendix C 
Calculations for amount of tourist in 2100 
 
Based on assumption presented in paragraph 3.4.2. 
 
2054 - 2035 = 19years 
19*16 000 =  304 000 tourist nights (increase to 2054) 
 
2100 -  2064 = 36years 
36*8 000 = 288 000 tourist nights (increase to 2064) 
 
1 100 000 + 304 000 + 288 000 = 1 692 000 tourist nights in 2100 
 
According to Helena Lindahl (personal communication 20-03-2018) are the 
actual guests in Åre assumed to be the double. 
1 692 000 * 2 = 3 384 000 
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Appendix D 
Calculations for drinking water production/consumption 
 
Produced drinking water 2015 
Englandsviken 430 388m3   
Långnäset 302 938m3  
Total amount = 430 388m3  + 302 938m3 = 733 326m3  
733 326m3/ 365 = 2009m3/d.  
 
Amount of guest nights (tourists) 2015/2016 (Åre kommun, 2018) 
802 780 Guest nights 
 
According to Helena Lindahl (personal communication 20-03-2018) are the 
actual guests in Åre assumed to be the double value than shown in Åre 
kommun (2018). 
801 780*2 = 1 603 560 guest nights. 
1 603 560/365 = 4 393 guest nights/day 
 
4 028 inhabitants* in Åre 2015 (Åre kommun, 2016a). An assumption is made 
that guest nights represent number of tourists.  
4 028 inhabitants + 4393 guest nights =  8 421 nr of people/day in Åre  
 
Amount of guest nights (tourists) 2100 
A forecast show 4 935 in 2020 (Åre kommun, 2016a). Assume the inhabitant 
development after 2020 will increase outside the area of Åre/Duved and stay 
at 4935. Based on the scenario analysis of tourist development (Paragraph 
3.4.2) and calculation in Appendix C will the number of tourist be 3 384 000. 
3 384 000/365= 9 271 tourist/day 
9 271 + 4935 = 14 206 nr of people/day in Åre ski resort 2100 
 
Amount of produced drinking water 2100 
The number of tourist 2100 is expected to be roughly the double that mean 
that the produced amount of drinking water should also be the double value. 
 
2009m3/day*2 = 4 018m3/d produced drinking water 2100 
 
 
* It is unclear if the number of inhabitants concludes seasonal workers. 
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Appendix E 
Calculations for amount of water in the groundwater beds 
 
Total groundwater bed amount (Paragraph 4.3) 
43 605 000 m3 + 4 907 000 m3 = 48 512 000m3 
 
Number of years for groundwater beds to become empty assuming the same 
extraction amount each year and no adding of new water 2015.  
Total production 2015 (Appendix E): 733 326m3 
733 326m3*66= 48 399 516* 
 
 
Number of years for groundwater beds to become empty assuming the same 
extraction amount each year and no adding of new water 2100.  
Estimated production 2100 (Appendix E):  733 326m3*2=1 466 652m3 
1 446 652m3*33= 48 399 516* 
 
*Assuming that the value is roughly the same as 48 512 000m3 
 
 
 


