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Introduction 
 

In September 2020, the Department of Crisis Preparedness and Civil Defence of 

the Swedish Civil Contingencies Agency (MSB) contacted the Department of 

Physical Geography and the Bolin Centre for Climate Research of Stockholm 

University. The request was to conduct a literature review regarding the potential 

risks in Sweden from climate change by 2050, especially those occurring after the 

adaptation and mitigation strategies are adopted by the Swedish Government to 

tackle climate change. The study would be developed during four months, from 

September to December 2020, and would comprise mainly of a literature review. 

Uppsala University and Mid Sweden University were also commissioned for the 

task. After initial internal meetings of the interinstitutional group and MSB, it was 

agreed that Stockholm University would concentrate on slow-onset risks from 

climate change. Taking advantage of the Department of Physical Geography’s 

background and the focus of the Research Area (RA3) of the Bolin Centre for 

Climate Research, our group took a particular focus on hydro climatology and 

water resources. 

Climate change induces various risk factors for society, human health, and the 

environment through specific impacts. Impacts from climate change can be 

related to fast-onset conditions related to extreme weather events, such as 

flooding or wildfires, or to slow-onset conditions that they a more extended 

period to develop. The Cancun Agreement (COP16) referred to slow-onset risks 

and impacts as those with more long-term consequences and associated with 

drivers such as increasing temperatures; desertification, loss of biodiversity, land 

and forest degradation, glacial retreat and related impacts, ocean acidification, sea-

level rise, and salinization, among others.  

This report collects the findings on slow onset risks following the approach 

described in the following section. Section 1 introduces the report, followed by 

Section 2, where we mention the Approach and Methods adopted. In Section 3, 

we show the literature review on adaptation and mitigation to climate change in 

Sweden. In Section 4, we go through the most relevant slow onset risks from 

climate change in Sweden, including reported present risks and possible risks in 

the period 2050-2070 and some recommendations to integrate the study of these 

risks with adaptation and mitigation strategies. Section 5 visualizes Sweden's risk 

maps under both the RCP4.5 and 8.5 scenarios, and the Conclusion summarizes 

the main findings. 

  



 

6 

1 Approach and objective 
 

Many types of potential slow-onset risks can apply to the Swedish case. Sweden’s 

location in a Northern latitude, where some of the most pronounced changes in 

term of temperature and precipitation increase will occur, in combination with the 

long latitudinal gradient of the country, the wide range of altitudes, coverage of 

three crucial biomes (temperate, boreal, tundra) and coasts on two different Seas 

imply a large number of characteristics, potential impacts, and risks from climate 

change. 

An initial screening of available literature on the occurrence of slow-onset risks in 

Sweden, available across authorities, institutions, and scientific disciplines obliged 

us to start with a specific focus. Our reasoning for the development of this report 

is that in order to understand potential changes in the distribution and magnitude of slow-onset 

risks after mitigation and adaptation to climate change in Sweden in 2050, it is necessary to 

understand the potential risks without such adaptation and mitigation measures. Although 

there is a wide span of information and studies dealing with most slow-onset risks, 

either carried out by Swedish Authorities or scientists, they are not collected in a 

specific site or location, enabling an adequate screening. Climate change risks can 

also cover many disciplines, aspects of society, ecology, and meteorology. Some 

may be more relevant for the daily activities of Swedish society, while some may 

occur unnoticed. It is an overwhelming task to reflect on all occurring risks under 

such a short period for such task. 

To help understand risks in Sweden by 2050, we decided to organize our study 

upfront by setting focus on specific types of risks that we consider relevant for the 

Swedish case. The risks mentioned here are related to water resources or water 

fluxes. Risks can relate directly to water availability, both on the surface and below 

ground, or indirectly to a specific context where water is relevant. Such is the case 

of health and environment, as water availability may play an important role. Also, 

hydro climatological changes are sometimes difficult to separate, as climate change 

not only imposes changes in energy availability through temperature but also in 

water availability in the form of pf precipitation. 

This study's main objective is to perform a literature review on the potential slow 

onset risks occurring in Sweden due to climate change by the year 2050. We also 

aim to map these risks spatially. Fast onset risks such as floods and forest fires are 

not included in our list of risks. From the start, we noticed that to understand the 

occurrence and nature of slow onset risks, it was necessary to directly obtain some 

of the simulations of changes to hydroclimatic conditions in Sweden and be able 

to combine these simulations with other spatial data. This is why we focused some 

resources in downloading data from the Coordinated Regional Downscaling 

Experiment (CORDEX) climate model simulations at a 50-m horizontal 

resolution over Europe with the Rossby Centre regional atmospheric model 

(RCA4) (https://esg-dn1.nsc.liu.se/projects/esgf-liu/) of the Swedish and 

https://esg-dn1.nsc.liu.se/projects/esgf-liu/
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Meteorological and Hydrological Institute (SMHI) (Strandberg et al. 2015). We 

combined these data with other spatial data on agriculture, water resources, sea-

level rise, and biomes to understand these risks better. We acknowledge that there 

is plenty of uncertainty regarding the nature, extent, and occurrence of this risk. 

There is also uncertainty on the magnitude of the importance and relevance of 

these risks. Our approach may have also limited going deeper into aspects of 

uncertainty and more detailed on the nature of these risks and limiting the extent 

of the literature review. We are also aware that we may have missed important 

information, studies, and reports related to the occurrence of slow-onset risks in 

Sweden and adaptation to offset these risks. However, we consider that the 

literature review, in combination with the analysis here done may shed some 

additional light regarding the occurrence of slow-onset risks in Sweden 
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2 Data and methods 
This section presents the data used to map the projected change in hydroclimatic 

conditions in Sweden. 

2.1 Selection of slow-onset risks 
The initial selection of slow-onset risks covered in this report was based on two 

internal workshops performed at Natgeo and several biweekly meetings held with 

MSB and the two other participating Universities. The risks are the following, with 

names representing the most important aspects of each risk: 

1. Blue groundwater drought 

2. Green water risks for agriculture 

3. Pests in agriculture and forestry 

4. Groundwater contamination 

5. Salt water intrusion 

6. Health risks due to rising temperature  

7. Risks to terrestrial ecosystems 

8. Risks in aquatic and marine ecosystems 

2.2 Literature review on slow onset risks 
A literature review was made to find the risks mentioned on a national and 

regional scale by Swedish authorities and counties. The reports on climate 

adaptation were collected from the Swedish authorities and counties listed on the 

Climate adaptation portal: https://www.klimatanpassning.se/vem-gor-vad/vad-

gor-myndigheterna/myndigheternas-handlingsplaner-for-klimatanpassning-

1.157316. Based on the risks identified in the climate assessment reports, we 

predefined a list of slow-onset risks. Additional information on the risks was 

obtained from the scientific literature. Scientific literature was searched and 

obtained from the EBSCO Discovery Service (EDS) database via Stockholm 

university library.  

2.3 Climate projections and proxies to assess 
risks 
We used climate model simulations at a 50-km horizontal resolution over Europe 

from the Coordinated Regional Downscaling Experiment (CORDEX), which 

provides downscaled global climate simulations (Giorgi et al., 2009). Among all 

the available downscaling models, we selected the Rossby Centre regional 

atmospheric model (RCA4) produced by the Swedish Meteorological and 

Hydrological Institute (SMHI) because it has been widely tested and validated for 

https://www.klimatanpassning.se/vem-gor-vad/vad-gor-myndigheterna/myndigheternas-handlingsplaner-for-klimatanpassning-1.157316
https://www.klimatanpassning.se/vem-gor-vad/vad-gor-myndigheterna/myndigheternas-handlingsplaner-for-klimatanpassning-1.157316
https://www.klimatanpassning.se/vem-gor-vad/vad-gor-myndigheterna/myndigheternas-handlingsplaner-for-klimatanpassning-1.157316
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the Northern European region (Strandberg et al., 2015). To account for 

uncertainty in the climate projections, we used an ensemble of simulations from 

the RCA4 forced by five different global climate models (GCMs): CCCma-

CanESM2, CNRM-CERFACS-CNRM-CM5, CSIRO-QCCCE-CSIRO-Mk3-6-0, 

IPSL-IPSL-CM5A-MR, and MIROC-MIROC5. The simulations were obtained 

from the data archive of the Earth System Grid data distribution portal (ESG, 

http://www.earthsystemgrid.org). We focused on variables related to energy and 

water availability, such as temperature, precipitation, runoff, soil moisture, and 

evapotranspiration, as extracted directly from the simulations. We analyzed data at 

the annual and seasonal scales.  

Changes in hydroclimatic conditions in this report refer to the difference between 

the mean values of two periods, 1980-2000 as a reference of current climatic 

conditions and 2050-2070 for near-future conditions. For the period 1980-2000, 

we used historical simulations with forcing from the five different GCMs, while 

for the conditions of the period 2050-2070, we used predictions from the future 

scenario RCP 4.5 and RCP 8.5 forced by the same five GCMs.  

Representative Concentration Pathways (RCP) are scenarios for the time series of 

emissions contributing to the greenhouse effect and are defined by the radiative 

forcing in W/m2 in 2100 (SMHI, 2018). RCP 8.5 represents a future with 

continued high greenhouse gas emissions globally, reliance on fossil fuels, global 

population growing to 12 billion, and limited climate politics. RCP 4.5 represents a 

scenario where global greenhouse gas emissions start to decrease from 2040, the 

global population grows to below 9 billion, and climate politics are strict and 

effective (SMHI, 2018). 

For both twenty-year periods, we calculated the annual average for the following 

monthly variables, which from our view could represent proxies to assess slow-

onset risks from climate change in Sweden. The variables are Daily Maximum 

Near-Surface Air Temperature (°C), Daily Minimum Near-Surface Air 

Temperature (°C), Near-Surface Air Temperature (°C), Evaporation (mm), 

Precipitation (mm), Total Runoff (mm), Total Soil Moisture Content (mm) and 

Snow Melt (mm). More information on the variables are available at https://is-

enes-data.github.io/CORDEX_variables_requirement_table.pdf 

For the assessment of specific risks, we estimated annual potential 

evapotranspiration (PET) as a function of annual mean temperature (T), following 

the Langbein (1949) model. The PET is simply the evaporation that occurs in 

open water surfaces and with an unlimited supply of water: 

Land cover data were retrieved from Naturvårdsverket (2020c). The raster data 

was resampled to a 1000-m resolution. The shapefiles for agricultural areas in 

Sweden by plot were obtained from the Jordbruksverket inventory (2012) and 

open waters from the Swedish Meteorological and Hydrological Institute (SMHI). 

Biome data and extent were obtained from the dataset of terrestrial ecosystems by 

Olson and Dinerstein (2002). 

http://www.earthsystemgrid.org/
https://is-enes-data.github.io/CORDEX_variables_requirement_table.pdf
https://is-enes-data.github.io/CORDEX_variables_requirement_table.pdf


 

10 

3 Background on mitigation 
and adaptation in Sweden 

3.1 Mitigation 
The Swedish climate law (2017:720) states that Sweden aims to lower its 
greenhouse gas emissions to meet the long-term emission goal of lowering total 
carbon emissions within its borders to net-zero by 2045. However, all greenhouse 
gas emissions cannot be eliminated with current knowledge and technology. The 
emissions that cannot be reduced to zero come from cement production, sewage 
treatment, biofuel combustion, and diffuse sources in agriculture (SOU 2020:4). In 
comparison to 1990, a maximum of 15% of the reduction can be attributed to 
supplementary measures such as absorption of carbon dioxide (CO2) from forests 
and other land types, mitigation efforts outside Sweden’s borders, and carbon 
capture and storage (CCS) of biomass. Increasing CO2-absorption from vegetation 
is proposed by planting trees on former agricultural land and rewetting forest and 
former agricultural land that were previously wetlands (SOU 2020:4). In several 
industries in Sweden, such as the pulp and paper industry, CO2 emissions are 
generated from the combustion of organic material, and there is potential for CSS 
to reduce the emissions in these point sources (SOU 2020:4). On a longer 
timescale, carbon could be potentially stored in Sweden; however, research is 
needed to know how suitable locations are. Soon, carbon would have to be 
transported outside of Swedish borders and stored abroad. Currently, however, 
there is no government agency responsible for CSS, and there is a lack of 
legislation and economic incentives for the transport and storage of carbon (SOU 
2020:4). There are many other possible types of negative emissions that are 
discussed, but there is significant uncertainty on the suitability and applicability of 
these measures. Nevertheless, there is consensus that it is best to invest in several 
types of supplementary measures for risk diversification (SOU 2020:4). 
 
In the proposition 2019/20:65 the government outlined an action plan for the 
climate mitigation of Sweden. In the construction sector, the actions include 
increased recycling of building materials and increased use of wood in the 
construction of buildings. The industry sector emissions make up about a third of 
the total emissions from Sweden (Prop. 2019/20:65). The government will make 
investments in developing new technology, which will be necessary to achieve net-
zero emissions. Development of CCS and Carbon Capture and Utilization (CCU) 
technologies and improved plastic recycling methods are thought to be needed, 
and there is potential for domestic production of renewable fuels, including jet 
fuels and biogas (Prop. 2019/20:65). Production of batteries within the country 
can increase the industry's sustainability and secure access to batteries for electric 
cars. The supply of minerals from Swedish mines is also expected to be more 
critical and more sustainable than relying on imports from other countries, as 
these resources are needed in electrification processes. The government wants to 
encourage continued investments in renewable energy sources such as solar and 
wind power and increase energy use efficiency in the future. However,  
electrification may also put high pressure on the electricity supply system. For this, 
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the Swedish government intends to set up a national strategy for the bio-economy 
or use renewable biological resources from land and sea to produce materials and 
energy (Prop. 2019/20:65). Currently, biofuels are mainly sourced from residuals 
from agriculture and forestry (Black-Samuelsson et al., 2017). However, additional 
biomass could be produced in fields where there is no longer active agriculture or 
forestry (Prop. 2019/20:65) or current agricultural fields in the fallow 
(Jordbruksverket, 2012b). While there is potential to increase the supply of 
biomass from increased efficiency and cultivation on available land, biomass 
demand is also expected to increase. Biofuels can replace fossil fuels, and wood 
can be used instead of other more climate-intensive materials (Naturvårdsverket, 
2019a). 
 

3.2 Adaptation 
The government has introduced a national strategy for climate adaptation. 
Agencies must take a risk and sensitivity analysis, set up goals for climate 
adaptation, and specify plans for measures to reach the goals. Counties are 
responsible for coordinating and supervising climate adaptation work in 
municipalities in their areas and other regional agencies' work (SMHI, 2020b). In 
the work of climate adaptation, the government has decided on some guiding 
principles. There are also several prioritized challenges for the adaptation work. 
 
The agencies are required to report on their work to SMHI. In 2019, 30 of 32 
agencies and 20 of 21 counties had reported on their climate adaptation measures. 
SMHI published a report on these reports' status and analyzed the content (SMHI, 
2020b). They remark that many of the authorities have not yet integrated climate 
adaptation principles into their regular work. This process needs to continue 
before specific risks, and associated adaptation measures can be defined. The 
climate change risks that were found to be relevant to most of the authorities' 
work were mainly fast onset risks, mainly associated with flooding, erosion, and 
mass movements. Fast onset risks relate to sudden events such as floods, 
hurricanes, or wildfires, threatening and infrastructure, and immediate losses, 
specifically life and livelihoods. Responses to these risks are often addressed 
through emergency management plans on national and regional levels. The system 
that agencies and counties report to is still being developed to address the 
shortcomings discovered in SMHI’s report. The goal is to develop a database of 
adaptation measures, to improve cooperation between authorities further. The 
responsibility is shared between different actors for several measures, and the 
implementation should therefore be conciliated. At this stage, some authorities 
have defined many measures while some have not reported any. The measures 
described range from very specific to very general, and while some measures are 
designed to adapt society to the risks of climate change directly, others target 
earlier steps in the process towards adaptation. This process includes collecting 
and increasing knowledge of the risks, producing guidelines, integrating a climate 
perspective in all regular work, implementing contingency plans, and increasing 
Sami villages' financial resilience. 
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The agencies who have defined adaptation measures often indicate that the 
measures can address multiple of the prioritized risks and help achieve goals from 
Agenda 2030 and the Paris Agreement. There can be a broadly positive effect 
from many of the measures. SMHI has written a summary detailing what a 
climate-adapted Sweden would look like based on the adaptation measures 
reported to them (SMHI, 2020b)). Based on the agencies' and counties' answers, 
SMHI has identified some areas where there may be conflicting objectives. Care 
must be taken that a measure taken to adapt to one risk does not negatively impact 
another objective. For instance, the drainage of surface water from agricultural or 
urban areas may lead to an increased risk of flooding downstream of the area. The 
act of draining an area may also impact ecosystems and decrease resistance to 
drought. Nature-based methods of climate adaptation, for example, in coastal 
zones, can negatively impact habitats and ecosystems and an increased risk of 
introducing invasive species (SMHI, 2020b). 
 
On the Swedish Portal For Climate Change Adaptation (2020), there are 20 agency 
reports available. While the agencies have set long-term goals for climate 
adaptation, the plans focus mainly on short-term measures to take them towards 
those goals. Most of the measures are to be executed within a few years. There is a 
lack of knowledge on adapting to climate change and the most effective measures 
to do it. Many of the agencies propose measures focusing on gathering 
information, conducting research, communicating externally and internally, and 
evaluating and integrating their current processes regarding climate adaptation. 
More specific measures are likely to be introduced in a later stage. The agencies 
must gather necessary information and communicate this to the lower levels (e.g., 
municipalities). Cooperation is also essential in the plans, both on a national level 
between different authorities and internationally. Other authorities have seemingly 
reached further in their climate adaptation work and have proposed many 
measures to adapt to the effects of climate change—the measures defined by each 
agency relating to each agency's specific responsibilities. Green infrastructure or 
nature-based protection against flooding and erosion are mentioned in plans by, 
for example, HaV (2018), SGI (2017), Skogsstyrelsen (2020), and 
Naturvårdsverket (2019b). Other examples of measures include detection methods 
for new diseases (Folkhälsomyndigheten, 2017a), setting up protected 
environmental zones (HaV, 2018; SGU, 2017) or financial support to Sami people 
to increase income security and to promote a more diverse economy that is more 
resistant to climate-induced changes (Sametinget, 2017). 
 
Different agencies refer to different future climate scenarios, depending on their 
responsibilities and perspective. Examples of agencies that use the ‘business as 
usual’ scenario RCP 8.5 for their risk assessments are MSB (2020), 
Elsäkerhetsverket (2018), and Statens Fastighetsverk (2020). Their reasoning 
follows the precautionary principle that using the scenario RCP 8.5 represents the 
worst possible scenario. Most other authorities base their analysis on RCP 4.5, 
while some do not specify if they use any particular scenario. 
 
Adaptation to climate change is often a slow process that relies on several factors 
to be successful, and changes can be slow. For instance, a national goal is to 
diversify the tree species in Swedish forests to spread the risk of forest fires. 
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Felton et al. (2010) calculated that only one percent of the total forest area in 
Götaland was available for cultivation of other tree species at the time of their 
study. The process of diversification of tree species is dependent on the actions of 
the forest owners. Since most forest land in Götaland is privately owned, owners 
need to be provided with incentives and information to carry out the necessary 
adaptation measures (Felton et al., 2010). 
 
While awareness of the risks is essential, there may be other obstacles in the way 
of adaptation. A recent study investigated the opportunities for local cooperation 
of water resources in Göta Älv (Bendz and Boholm, 2019). The study found that 
stakeholders were aware of the different risks to water resources, including 
climate-related risks, and the need to manage those risks. While it is known to be 
beneficial to cooperate on water management across municipal borders, there are 
obstacles to such cooperation, partly related to lack of trust between different 
municipalities. 
 
Swedish farmers are aware of the risks and opportunities associated with climate 
change, but in general, they do not perceive climate change as an “immediate 
concern” (Juhola et al., 2017). Farmers take measures to cope with the risks of 
climate change. These measures are mostly incremental or systematic. For 
example, measures to avoid soil compaction during wet periods, improved 
drainage systems, and taking advantage of a longer growing season by choosing 
different crops and introducing winter crops (Juhola et al., 2017). Since many 
other factors other than climate change impact farmers’ investments, economic 
and political policy are valuable for further climate adaptation (Jordbruksverket, 
2018b). The experience gained from the 2018 drought can have the positive effect 
of increased cooperation and preparedness for similar events in the future, 
according to the Swedish Agricultural Board (2019). 
 
The aim in Sweden is to increase domestic food production while still decreasing 
the negative climatic impacts. The aim is not feasible without developing 
improved technologies and methods within Swedish agriculture (Jordbruksverket, 
2018a). For Nordic agriculture to become more self-sufficient and sustainable in 
the future, there is a need to produce more animal feed domestically (Åby et al., 
2014). Since different agricultural products have lower or higher emissions, 
changes in the demand for different products may significantly affect the total 
emissions from Swedish agriculture (Jordbruksverket, 2012b).  
 
There are several possible ways that an adaptive measure can have an unintended 
negative impact, either in the exact location of the application or in a neighboring 
location, often referred to as maladaptation. For example, maize is a crop that is 
known to benefit from a longer growing season and could be cultivated in Sweden 
in the future (Neset et al., 2019). However, maize cultivation requires a lot of 
fertilization, which could worsen problems with pests and weeds. Pesticide use is 
expected to increase to cope with increased pressure from plant diseases in a 
wetter and warmer climate, a negative effect on water, soil, and food quality. 
Irrigation during drought periods can worsen water scarcity problems. Drainage 
systems to adapt to heavier rains could affect downstream environments, such as 
nearby farmland or wetlands. The risk of nutrient leaching from agriculture 
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increases, contributing to eutrophication (Neset et al., 2019). It is expected that 
without the use of drainage systems, agricultural land is unusable (Wesström et al., 
2017). Reducing nutrient leaching by not plowing fields implies increasing the 
need for chemical plant protection against weeds as weeds are not removed by 
plowing (Eckersten et al., 2008). 
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4 Slow-onset risks of 
relevance to Sweden 
 

Chapter 4 will go into the risks mentioned above, describing currently existing 

risks mentioned in the literature and discussing possible and expected risks in the 

future period 2050-2070. The future risks are evaluated concerning climate change 

projections with selected proxies that may deem relevant for assessing the risks. 

4.1 Blue groundwater drought  
 

 

4.1.1 Current risks 

Since society and ecosystems, for the most part, rely on water stored within the 
landscape (lakes, rivers, aquifers, soil) rather than from direct precipitation, risk 
assessments of drought focus primarily on hydrological or soil moisture drought. 
Water resources such as freshwater in lakes, rivers, and aquifers are defined as 
blue water, and blue water hydrological drought can then be defined as the 
conditions when water levels fall below average conditions in these resources 
(Van Lanen et al., 2012; Van Loon, 2015). For instance, the Geological Survey of 
Sweden (SGU) defines hydrological drought as the deviation of the recorded 
groundwater level in the middle of the month from the average groundwater 
level of that specific month during the period going back to the 1970s. 
Hydrological droughts can impact sectors such as drinking water supply, 
irrigation, and energy production (Alcamo et al., 2003; Kundzewicz et al., 2008; 
Siebert et al., 2010; Prudhomme et al., 2014; Van Loon, 2015; Jägermeyr et al., 
2016; Porkka et al., 2016; Wu et al., 2020). 

 
Sweden experienced a severe groundwater decline from normal levels in August 
2017, especially in the country's southern and central parts (SGU, 2017). The 
resulting societal impacts of the drought included irrigation bans, water 
consumption restrictions, and private wells running dry in southern areas. This 

• Changes in groundwater supply in southern Sweden can affect public 

and private water supplies as less water is available, especially within 

minor-scale aquifers.  

• Drinking water supply from groundwater in southeastern coastal 

aquifers is at greater risk as aquifer volumes are smaller and prone to 

low groundwater levels over summer. 

• Increased seasonal variations of groundwater in northern Sweden 

• Lower crop yields concerning low groundwater levels over summer and 

their impacts on irrigation of agricultural land 

•  
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decline in groundwater can be linked to the volume and spatial distribution of 
precipitation and temperature, affecting the subsequent recharge of groundwater 
levels. For Sweden, climate change scenarios have predicted increasing 
temperatures, high uncertainties in precipitation during spring and summer 
(growing season), and an increase in precipitation over winter. The European 
Environmental Agency states that droughts are expected to increase in frequency, 
duration, and severity across Europe (EEA, 2020b). Temperatures and days with 
low soil moisture are also expected to increase, as indicated from climate 
simulations (RCP 4.5 and RCP 8.5) (SMHI, 2020). SMHI showed that the 
difference between precipitation and evaporation is projected to increase from 
30% to 60% during winter and decrease from 20% to 40% during summer, 
especially in Southern Sweden (SMHI, 2003).  
 
A study by Steffens et al. (2015) focusing on Scania and Halland's counties 
showed that annual precipitation could increase by 12 and 25% and temperature 
by 2 and 3.5°C, respectively. Using different climate models for varying 
projections, they found that northern parts of Sweden may experience increasing 
discharge, which is the volume per unit of time running on a hydrological basin's 
surface. On the contrary, southern Sweden may instead face decreasing 
discharge, although results present high uncertainty (Arheimer et al., 2013). 
Specific runoff in some areas of Sweden is expected to decrease between 150 and 
200 mm, which corresponds spatially with projected reductions in groundwater 
levels. Groundwater levels are projected to increase by 10 cm across Sweden 
(Arheimer et al., 2013). 
 
Seftigen et al. (2013) reconstructed the summer drought for south-eastern 
Sweden and found that extended dry periods resulted in a negative impact on 
forest growth and crop production. When combined with high temperatures, the 
adverse effects increased due to increasing evapotranspiration leading to 
hydrological drought where soil moisture is reduced, and lake levels decrease due 
to increased evaporation. A dry summer in 2013 and 2017 led southern Sweden's 
large areas to experience groundwater levels below normal (SGU, 2017). Drought 
years have been correlated with historical variations in the frequency of forest 
fires and burnt areas in Sweden by Ou (2017). Drought conditions are projected 
to increase in severity in southern Sweden, especially towards the end of the 
century, inducing in some cases hydrological droughts. Contrary to these former 
projections, a study by the European Environmental Agency in 2020 (EEA, 
2020a) found climate change to increase crop yields in Northern Europe.  

 
A study by Vikberg et al. (2015) examined current average groundwater 
fluctuations throughout the year for different parts of Sweden. They found a 
significant difference between southern and northern groundwater levels 
throughout the year. Northern aquifers start the year with low groundwater levels 
that decrease even further up to March when there is a sharp increase in recharge 
by snowmelt. From the end of May, there is a slow, gradual decline in the water 
level. Groundwater levels in the south increase from January to March, after 
which they start decreasing. The lowest groundwater levels occur in October and 
November after consumption during summer. Recharge starts again as the 
climate becomes wetter in November and groundwater levels rise once again. 
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In 2015, the total water use in Sweden was estimated at 2,444 million cubic 
meters (or 2.4 km3). Approximately 80% of this use was surface blue water. 
Bluewater refers to the water that is stored in stocks such as lakes, aquifers, and 
rivers. Groundwater accounted for just over 13% of the total freshwater 
extraction (SCB, 2017). The industry sector is the largest water user in Sweden, 
accounting for 61% of all blue freshwater use. Approximately 23% of blue water 
is used by households, with agricultural water use accounting for just 3% of the 
total blue water use. Bluewater shortages are often linked to low groundwater 
levels and occur mainly in southern and central Sweden in areas with large 
population concentrations along the coasts of Svealand and Götaland. 
Groundwater supply is also scarce in other areas, especially in Västgötaland and 
Upplandsslätten, Närke and in Öland and Gotland, under specific seasons. In 
locations where there is a lack of geological deposits that can store water (mainly 
sand and gravel), the extraction potential from other deposits is low, leading to 
local problems for individual use leading to scattered permanent or residential 
leisure units. Areas with water shortage can be found in large parts of Bohuslän 
and Dalsland, eastern parts of northern Kalmar and Östergötland, and parts of 
eastern Svealand, mainly the coastal regions. The water shortage occurs during 
summer when the need for water for irrigation is the greatest, combined with 
high water use from a higher population during summer (SCB, 2017). 
 
Currently, the municipal water supply is the dominant source for drinking water, 
with a quarter from groundwater and three quarters from surface water. Surface 
water also includes artificial groundwater, which has been infiltrated into a sand 
or gravel deposit to aid groundwater formation (SGU, 2009). Approximately 8 
million people, or 88% of the Swedish population, receive water through the 
municipalities' public water supply. This supply covers households and public 
activities such as schools, hospitals, and many companies connected to the 
municipal water supply. In total, 863 million cubic meters were supplied from 
municipal waterworks in 2015, of which 23% were supplied by groundwater. 
 
Agricultural blue water consumption consists of two main parts: crop irrigation 
and drinking water for livestock. Crop irrigation accounts for the most significant 
part of agricultural water use. Approximately 75 million cubic meters of water 
were used by agriculture in 2015, with 64% going to irrigation and the remaining 
36% by livestock farming (SCB, 2017). It is difficult to determine the exact 
contribution of surface and groundwater to irrigated agriculture in Sweden. First 
of all, old surveys show that 85% of agricultural irrigation depends on surface 
water resources while remaining in private groundwater sources (Johansson and 
Klingspor, 1977). A survey made by the Swedish Board for Agriculture in 2015 
found that 84% of agricultural holdings used surface water sources for irrigation. 
However, it is not possible to assume that the volume of water is distributed 
proportionally across farms. Since many farms use several sources, the survey 
could not estimate the volume abstracted from each source. Current statistics 
show that water used for irrigation has been steadily declining, which could be 
the result of more efficient water use within the agricultural sector. There was a 
14 million cubic meter reduction in water used for irrigation between 2010 and 
2015, from 62 million to 48 million cubic meters, respectively. Irrigation water 
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use has high regional variability, with Skåne accounting for 60% of the total use. 
Skåne contains approximately 40% of the agricultural land within Sweden and 
therefore has the most prominent water use in irrigation.  

 

4.1.2 Risks in 2050-2070 

In northern Sweden, the most significant changes in groundwater levels are 
expected to occur during the first half of the year. Increasing groundwater levels 
are expected due to increase precipitation in winter and snowmelt beginning 
earlier in the spring. It appears that this increase will be larger than the reductions 
expected later on by the increased water uptake from plants and evaporation over 
the summer (Vikberg et al.,. 2015). Increased water uptake and evaporation 
combined with earlier snowmelt may lead to possible lower groundwater levels 
over summer, with the restoration of water levels occurring later in the year. 
Future projections show that earlier snowmelt results in the groundwater level 
peak occurring and subsequently declining earlier in the year, with a more 
extended period over summer when groundwater levels are low, with the 
aquifers' recharge beginning later in the year in future projections. A clear 
relationship in the north of Sweden can be observed between snowmelt and 
increasing groundwater levels. Future projections show higher groundwater levels 
in autumn as more precipitation occurs as rain and recharges the groundwater 
instead of being stored as snow (Vikberg et al., 2015).  
 
A high water table in northern Sweden may affect water sources with artificial 
groundwater formation as the unsaturated zone decreases, with less surface water 
required to restore the reservoir. Surface water supply can also be affected by the 
more significant proportion of runoff to surface waters in northern parts of the 
country as the saturated zone increases. Shallow groundwater is generally more 
acidic than deeper and older groundwater; hence it may contain more metal and 
generally has a higher content of humic substances (Columbani et al.,. 2016). 
 
Groundwater levels in south-eastern Sweden will decrease (Sundén et al., 2010), 
especially in autumn and spring due to increased evaporation, both from an 
extended growing season and higher temperatures.  
 
The most notable change from current levels is projected in the typically highest 
and lowest groundwater levels in south Sweden due to increased precipitation in 
the south over winter, recharging the groundwater levels, and increased 
temperature and evaporation over the summer, decreasing groundwater level. 
Groundwater levels will decrease in reservoirs that react both slow and fast to 
seasonal variations. On the east coast, the water levels are expected to be lower 
than current levels when groundwater starts recharging and decreases further into 
the autumn. In southeastern Sweden, the most significant groundwater recharge 
is expected earlier in the year and continued further into autumn at the end of the 
year. The groundwater levels are projected to be highest at the beginning of the 
year in January and February (Vikberg et al., 2015). There is a tendency to higher 
groundwater levels in the south and southeast at the beginning of the year. 
Although in most southern Sweden, the groundwater level will decrease, on the 
west coast, summer groundwater levels may increase due to a combination of low 
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pressure and large amounts of precipitation leading to groundwater formation. 
However, the projections still show a decrease in levels in early spring on the 
west coast, and the southeast shows the most significant projected variations 
from current groundwater levels.  
 
Although the groundwater changes in southern Sweden are expected to be 
smaller than those observed in northern Sweden, the consequences of these 
changes on groundwater supply will be more significant due to the effect on both 
public and private water supplies as groundwater abstraction may decrease as 
groundwater levels decrease as well.  
 
Regarding drinking water supply from groundwater, the most significant 
challenges will be again in south-eastern Sweden. The public water supply may 
also face increasing pressure to provide water to larger areas where the water 
supply will be scarce. The pressure is especially relevant in coastal areas where the 
reservoir volume is small, and extended summer periods without groundwater 
formation can be expected to contribute to water scarcity. In general, in areas 
where groundwater levels decrease, flows to surface water may be reduced, 
leading to increased problems with the water supply in water infrastructure 
(Aastrup et al., 2012). 
 
The fluctuation of groundwater levels is expected to decrease in Northern 
Sweden while increasing in the south and south-eastern Sweden (Nygren et al., 
2020). Seasonal variations in groundwater are expected to change mainly in the 
north of Sweden for fast-reacting reservoirs, affecting private water supplies. 
Groundwater levels are estimated to be lower in late summer and early autumn, 
affecting private water sources due to shorter groundwater recharge periods 
during the summer months. 
 
Climate change and droughts' subsequent effect can significantly impact water 
availability for energy and irrigation and crop yields, especially relevant to 
irrigated areas with groundwater. Campana et al. (2018) show that if no irrigation 
is applied to crops during a drought year, there can be significant losses of up to 
50% in the number of crops produced.  
 
The reason for defining a proxy that can be linked to groundwater levels is to map 
the risk areas resulting from reduced groundwater. Once risk areas are defined, 
actions can be taken to mitigate and adapt to the risk. In the absence of a product 
of irrigated agriculture for Sweden, we combine data on irrigated agriculture 
(Naturvårdsverket, 2020c) with data on potential irrigated areas with groundwater 
from Siebert et al. (2013) to provide a map showing the agricultural land within 
Sweden that is irrigated by groundwater (figure 1). The result is a map showing 
probably more irrigated areas than those that exist. We focus on the south of 
Sweden, where the majority of irrigated agriculture is located. We decided to use 
projections of future runoff over the growing season (March to October) as a 
proxy for groundwater levels, as extracted from the CORDEX datasets. We 
hypothesize that a decrease in runoff into the future would relate to lower 
groundwater levels, representing a potential risk for hydrological drought. The soil 
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is less saturated where the groundwater levels are low, leading to infiltration and 
reduced runoff, making runoff a useful proxy (Berhanu and Hatiye, 2020).  

Figure 1: Change in annual runoff (mm/yr) between 1980-2000 and 2050-2070 for 
arable land irrigated by groundwater for a) RCP4.5 and b) RCP8.5 scenarios. This area's 
extent may be much larger than expected as a global dataset for irrigation has been used 
 
Runoff increases are projected to be more significant for RCP4.5 than 
RCP8.5, suggesting that groundwater levels remain high over the summer 
(figure 1). However, there are still multiple areas where the runoff change is 
negative, where runoff will decrease. The southern tip of Sweden is highly 
agricultural with a high density of agricultural land. Areas experiencing a 
future decrease in runoff include Östergötland in both scenarios with 
Södermandland and Uppland also experience a decrease and potential risk 
zones of hydrological drought. Although water abstraction is greater for 
southern Sweden, the runoff change in the rest of southern Sweden is 
negligible or positive, suggesting that groundwater may remain at least at 
current levels. As such, abstraction would not put the aquifers at risk, and 
sufficient water should be available for consumption.  
 
Even so, figure 1 highlights areas with a negative change in the runoff, 
suggesting lower levels of groundwater. For RCP4.5, arable areas with 
decreasing runoff are located mainly on the southeastern coastline in Kalmar, 
Östergötland, and Södermanland. However, under a projected business as 
usual scenario RCP8.5, the risk area of decreasing runoff concerning current 
conditions extends further to the north and west, into Värmland, Kopparberg, 
and Örebro, putting a more considerable amount of the arable land at risk 
from groundwater shortages, with potential stress on irrigation. If there is not 
enough water for irrigation, then the yield of crops can decrease. Not only will 
less water be available for irrigation, but there will be less water in the soils, 
increasing the strain on crops. The areas highlighted here are areas that 
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adaptive measures should be considered, such as planting new crops that 
require less water and changing agricultural practices.  
 
A series of climate adaptation measures are presented by Livsmedelsverket 
(2020), which aim to reduce the negative effects of climate change on drinking 
water and protect against accidents and extreme weather. However, each 
municipality's responsibility is to ensure that the standards are met, and the 
drinking water supply remains constant and contaminant-free. There are both 
administrative and technical measures that can be adopted to reduce risks to the 
drinking water supply. The administrative work includes measures to raise 
awareness, educate and organize activities from a climate change perspective. 
This work also aims to make key actors aware of drinking water’s vulnerabilities 
and function in society. Measures to raise awareness, educate and organize from a 
climate perspective include collaboration, both within each municipality and with 
other municipalities, and on a regional scale. Regular staff training and keeping 
up to date with current research on climate change and adaptation are essential. 
An inventory of the resources within the county and municipality should also be 
undertaken and make clear that all businesses are responsible for their part. 
 

Plans raise awareness of the vulnerabilities posed to drinking water, such as 
shortages and contamination. These plans include designing general and detailed 
plans to protect water resources during land exploitation purposes on both 
regional and local levels. With well-developed plans, the risk of water sources' 
contamination can be reduced by avoiding the promotion of urban or agricultural 
development in the locations within high water resources and flood risk 
(Livsmedelsverket, 2020). Flood risk, landslide, and ground instability maps can 
be produced to clarify the effects on the drinking water supply, resulting in a 
vulnerability map of the municipality's water resources. During the physical 
planning stage, laws need to be considered, such as the Environmental Code, the 
Planning and Building Act (PBL), environmental quality standards, and water 
regulations for water protection areas. 

 

Administrative measures also include crisis preparedness of drinking water 
systems for unwanted climate events. The measures are based on risk and 
vulnerability assessments. To handle crises effectively the insight into the risk and 
how different scenarios can escalate the risk should be considered. Preventative 
measures, access to emergency equipment, and early warning systems must all be 
available to the municipality to reduce the risk and ensure full preparedness 
(Livsmedelsverket, 2020). 

 
Access to water will differ from the current situation, with changes in rainfall 
patterns and precipitation type, which will result in new demands to both 
drainage and irrigation (Swedish Commission on Climate Vulnerability, 2007). 
With more extended periods of drought and higher temperatures projected in 
southern Sweden, one adaptive measure already underway is quinoa's cultivation. 
Quinoa is a South American crop that is suited to dry conditions, and with a new 
cultivated variety, it can be grown in Sweden, where farmers are currently testing 
it in Östergötland. Östergötland is an area where the average temperature will 
increase, with heat waves within the summer months becoming more frequent. 
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The number of days with low soil moisture will increase, as precipitation with the 
largest increase in precipitation occurs in winter and spring (SMHI, 2020). 
Quinoa is similar to rapeseed and can be harvested using the same methods. 
However, farmers need to invest in machines used in South America that can 
sort, polish, wash and dry the quinoa ready to be packaged (Swedish Portal For 
Climate Change Adaptation, 2020). 

4.1.3 Knowledge gap and recommendations 

With the population increasing, the demand for food and water will increase, 
putting further pressure on groundwater for both irrigation and drinking water. 
Adaptive farming using other crops that require less water, such as quinoa, can 
reduce water resource stress. However, to offset the risk, adaptive farming will 
need to increase. A report on the future of farming by Lantmännen (2019) states 
that there is a potential for a 48% increase in yield by 2050; it is unclear what 
irrigation data is used in the calculation. Assuming irrigation remains constant, 
the groundwater's stress will increase as levels drop, and maintaining the same 
irrigation strategy may not be feasible as water is no longer available. It is 
essential to know how irrigation strategies will change to assess the risk on 
groundwater resources. No studies were found on the effect of population 
growth in Sweden and agriculture. With the current population of 10.3 million 
increasing to 12 million by the early 2050s (SCB, 2020), higher yields may be 
required, leading to increased irrigation requirements and, therefore, stress on 
groundwater levels. Population growth combined with climate change could 
amplify risks above what they are currently predicted.  
 
Another knowledge gap includes spatial information on the extent of irrigation 
practices from both surface water and groundwater. For this study, we have used 
global datasets of irrigation (Siebert et al., 2013), which may not be accurate at 
Sweden's scale. From a first look, irrigation appears to extend more than 
expected into central Sweden. Projections on the expansion or intensification of 
agriculture in Sweden could not be found either. However, these documents may 
exist but were not accessed or available for this report. These projections are 
necessary to understand additional risks from the expansion of agriculture 
northwards or the increasing need for irrigation in South Sweden. These studies 
could be suggested to the Swedish Board of Agriculture and the Geological 
Survey of Sweden if they are not already underway.  
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4.2 Risks for green water or rainfed agriculture  

 
In Sweden, the positive effects of climate change are thought to be more 
important than the negative effects, according to the Swedish Board of Agriculture 
(Jordbruksverket, 2017). Increasing precipitation, a longer growing season, and 
better growth for plants due to higher CO2-levels are examples of positive 
impacts. Substantial negative impacts on agriculture from climate change are 
increasing the risk of infestations from pests, agricultural drought during the 
growing period, and flooding from high amounts of precipitation during harvest 
time (Neset et al., 2019). Agricultural drought can be defined as a lack of soil water 
to the point of harming crops (Tian et al., 2018). Rainwater which has infiltrated 
into the soil and is available to plants, is referred to as green water. Green water is 
an important water source for both irrigated and non-irrigated cropland (Rost et 
al., 2008). However, due to a lack of an external source of blue water, non-
irrigated crops are most at risk of agricultural drought (Wilhelmi and Wilhite, 
2002), and the best indicator of agricultural drought is low soil moisture (Nam et 
al., 2012). It is difficult to measure soil moisture at the large scale of agricultural 
lands, and the full consequences of an agricultural drought are often not known 
until the harvest time (Boken et al., 2005). In Sweden, less than 5 % of the total 
agricultural area is irrigated in a typical year (Jordbruksverket, 2018c). 
 

4.2.1 Current risks 

Northern Europe experienced a drought in the summer months of 2018, which 
resulted in the loss of crop yields (Beillouin et al., 2020). In Sweden, the 
temperature was several degrees higher than the monthly mean of 1961-1990 in 
most of the country, especially during May and July (SMHI, 2020c), combined 
with lower than usual precipitation in many areas during the summer months 
(SMHI, 2020c). A period of green water agricultural drought may impact 
agricultural products' production, for example, feed for animals. During the 2018 
drought, fodder prices went up due to shortages, leading to an increased need for 
importing food and increased slaughter of animals (Statens Veterinärmedicinska 
Anstalt et al., 2019). Due to the 2018 drought event, financial support was 

• There are projected precipitation increases over all of Sweden, which 

can be positive for Swedish agriculture. However, temperature 

increases may offset the positive influence of increased precipitation. 

• The projected increase in evapotranspiration contributes to decreasing 

soil moisture in large parts of the country (south-eastern and northern 

Sweden). However, predictions of soil moisture should be interpreted 

with caution due to these projections' high uncertainty. 

• Autumn precipitation is not projected to increase significantly over 

rainfed areas, posing low risks to damages to agriculture. 
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provided to farmers from the Swedish Agricultural Board (Regeringskansliet, 
2019), and the estimated total costs for Swedish Agriculture caused by the drought 
was 6 – 10 billion SEK (Jordbruksverket, 2019). Water available for irrigation was 
used on crops such as vegetables, fruit, and potatoes, but cereals and oil-producing 
crops are seldom irrigated in Sweden. Harvest losses were minimized for those 
who were able to irrigate the crops (Jordbruksverket, 2019). The net income from 
cereals was 30-40 % lower in 2018 compared to a typical year, caused directly by 
the drought and the need to use more of the harvest for animal feed than average 
(Jordbruksverket, 2019). Beillouin et al. (2020) analyzed extreme yield losses in 
European agriculture during 1990-2018 but could not find any trend during this 
period. Spinoni et al. (2015) analyzed the occurrences of droughts in Europe 
during 1950 – 2012 based on historical data and found a decreasing occurrence of 
droughts in Scandinavia during the period, which could be explained mainly by 
increasing precipitation. 
 

4.2.2 Risks in 2050 – 2070 

Drought frequency and intensity are projected to increase in northern Scandinavia 
toward the middle of the twenty-first century, mainly under RCP 8.5 and under 
RCP 4.5 scenarios. Summer droughts are projected to decrease in frequency in 
southern Scandinavia, but spring and autumn droughts may increase in frequency 
(Spinoni et al., 2018). The Swedish Agricultural Board is aware of the risk of 
drought in the summer, especially in south-eastern Sweden, and the increasing 
need for irrigation (Jordbruksverket, 2017). Shortage of water can lead to 
increasing prices and shortage of fodder, leading to animals' unplanned slaughter 
(Statens Veterinärmedicinska Anstalt et al., 2019). 
 
To assess the risks of potential agricultural drought on rainfed agriculture from 
climate change, we decided to use the estimates of the change in precipitation 
between future projections of 2050-2070 and the period 1980-2000 during the 
growing season as a proxy to estimate risks. If the change was positive, an increase 
in precipitation could be expected, avoiding the risk of agricultural drought in 
rainfed agriculture. On the contrary, if the change was negative, it implied that 
there would be less precipitation available during the growing season (April – 
September), possibly affecting rainfed agriculture. By extracting the projections of 
future precipitation for the whole country, we find that precipitation is projected 
to increase in Sweden. The most significant increase in precipitation is projected in 
the northern agricultural areas and eastern Svealand, while the smallest increase is 
in south-eastern Götaland (figure 2). In northern Sweden and eastern Svealand, 
the RCP 8.5 scenario projects a more considerable increase than the RCP 4.5 
scenario. The precipitation increase is lower in RCP 8.5 in the central parts of 
Götaland around lakes Vänern and Vättern. 
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Figure 2: Change in precipitation during the growing season (April – September) between the 
reference period 1980 – 2000 and the future period 2050 – 2070 under the two future scenarios 
a) RCP 4.5 and b) RCP 8.5. The climate data (0.5° resolution) is masked by a raster of 
agricultural land with a 1000-meter resolution. 
 
From the perspective of precipitation, there appears to be no risk of rainfed 
agricultural drought. However, increasing temperatures are likely to increase 
evaporation which decreases the available water for plants. Evapotranspiration can 
be estimated as the difference between precipitation and the water discharging 
either as surface water or groundwater. Following an increase in temperature 
during the growing season and the entire year across the entire Swedish territory, 
evapotranspiration is projected to increase under both future scenarios (figure 3). 
The most significant increase in evapotranspiration is projected in the coastal 
areas.  
 
Outputs of soil moisture from future climate change projections can be used as 
proxies to assess changes to rainfed agriculture conditions. However, they present 
higher uncertainty than the direct climatic projections. The climate models predict 
soil moisture to decrease on an annual scale in most of the Swedish territory, 
except for eastern Svealand in both scenarios and the west coast in RCP 4.5 
(figure 4). It is difficult to determine how the risk of agricultural drought will 
change in the future based on the available information. While it is known from 
past events that droughts can have severe consequences, even in Sweden, climate 
change is perceived to have more positive than adverse effects on rainfed crop 
production (Rötter et al., 2012). More research is needed to understand future 
agriculture conditions better, especially after taking adaptive measures. 
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Figure 3: Change in evapotranspiration (calculated from the difference between precipitation and 
runoff) from the modeled future 2050 – 2070 under scenarios a) RCP 4.5 and b) RCP 8.5. A 
raster of agricultural land masks the climate data (0.5° resolution) with 1000-meter resolution. 

 
Figure 4: Annual soil moisture change in 2050-2070 relative to 1980-2000 with a) RCP 4.5 
and b) RCP 8.5. 
 
Increased precipitation during harvest time can make the soil unstable, and using 
machines over it may compact the soil (Juhola et al., 2017). According to the 
Swedish Agricultural Board, compaction can be a potential problem, which they 
highlight can be mitigated by additional or improved drainage systems 
(Jordbruksverket, 2017). 
 
The autumn precipitation is projected to increase in 2050-2070 under both 
scenarios over most of Sweden. The increase will be highest in northwestern 
Sweden, along the border to Norway (figure 5). In the areas with the most 
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agriculture, the increase in fall precipitation is low. Based on average precipitation, 
it is unlikely that the risks of precipitation damage to crops will increase 
significantly. However, these data do not show if extreme precipitation will 
become more or less common in the future.  

 
Figure 5: Change in precipitation in the fall between 1980-2000 and 2050-2070. 

 

4.2.3 Knowledge gaps and recommendations 

Further research is needed to determine how future hydrological changes are likely 
to affect different rainfed crops. Although increasing precipitation will favor the 
growth of rainfed crops, especially in areas where the crops can benefit from an 
increase in water availability, there is particular concern about how concentrated 
this increase will be. Projections also show decreased soil moisture in north-
eastern Sweden that could affect rainfed agriculture in this region, probably due to 
increased evaporation. However, this result should be interpreted with caution, as 
estimates of soil moisture from climate projections carry higher uncertainty rates 
than their climatic variables. The increase in precipitation may translate into more 
extreme rain events, with most rain falling within specific rain events, with higher 
erosive potential, leading to higher soil loss in current conditions. This higher 
intensity and energy of rain events may also favor flooding in cultivated areas 
resulting in water-logging that may not favor specific crops. A recommendation to 
understand this risk is to estimate the increase in energy and intensity of rain 
events for the future in current rainfed agriculture areas. Knowledge of the 
Swedish government's plans to expand agriculture could also enable a more 
profound assessment of how future agricultural areas may cope with future 
precipitation changes. 
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4.3 Pests and damages to agriculture and 
forestry 
 

4.3.1 Current risks 

From a mitigation viewpoint, increased production of forest products is beneficial, 
as this may offset production from fossil fuels emitting other greenhouse gases 
(Lundmark et al., 2014). Increasing temperatures will likely increase forest growth 
in Swedish forests and timber production; however, this is not fully proven to date 
(Jaramillo et al. 2018). Furthermore, there are also increasing risks of damages to 
trees associated with climate change (Keskitalo et al., 2016). Insect damages in 
forestry have been increasing in Sweden over the past century due to rising 
temperatures during winter and summer and forest management changes 
(Tudoran et al., 2016). 
 
It is likely that by 2050 the damages caused by pests will increase in Sweden (Sari 
Kovats et al., 2014). Currently, Swedish agriculture has been affected mainly by 
weeds and fungus diseases, but with a warmer climate, insects' problems are likely 
to increase (Jordbruksverket, 2012a). Many of the fungus diseases that are present 
today are also likely to increase in warmer temperatures, although some will be 
disadvantaged by drier summers (Jordbruksverket, 2012a). During the 2018 
drought, the fungus (mold) infestation was lower due to the drought, and thus, the 
use of fungicides was lower. Nevertheless, the infestation of insects was higher for 
some crops (Jordbruksverket, 2019). A longer warm season can extend the activity 
of different kinds of pests (Sari Kovats et al., 2014), and the spread of viruses to 
plants from insects is expected to increase (Jordbruksverket, 2012a). The vectors 
benefit from higher temperatures and a long warm period allows them to go 
through more generations per year (Roos et al., 2011). There are examples of 
insect distribution expanding north with rising temperatures, which is likely to 
continue (Lamichhane et al., 2015). Milder winter temperatures are also likely to 
favor insects' survival during winter (Lamichhane et al., 2015). Grünig et al. 
(2020a) modeled pest insect species' distribution and found a threshold when the 
coldest month's minimum temperature was above -3 °C. Warm weather could 
increase the chances of survival for insect species causing problems with pests for 
European agriculture. Droughts also increase trees' sensitivity to pest infestations 
(Brecka et al., 2018; Venäläinen et al., 2020). 
 

4.3.2 Risks in 2050 – 2070 

Following the findings of Grünig et al. (2020a), we used the mean minimum daily 
temperature from January to March as a proxy to assess this risk (figure 6). During 
the reference period 1980 – 2000, there was only a small area of the country with 

• Increased suitability for insect pests in northern Swedish forests 

• Increasing problems with insect pests in agriculture in southern 

Sweden due to rising temperatures 
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mean minimum daily temperatures above -3 °C from January to march, located in 
southwestern Skåne. However, since winter temperatures will increase, the mean 
minimum winter temperatures above -3 °C would increase under future scenarios 
RCP 4.5 and RCP 8.5. Under the RCP 4.5 scenario, the western coast, the 
southern tip (Skåne and Blekinge), and the islands Öland and Gotland will 
experience mild winters with minimum temperatures above - 3 °C. For the RCP 
8.5 scenario, the mild winters will also cover the eastern coast up to the latitude of 
the city of Stockholm and the inland and coast of southern Sweden. Minimum 
winter temperatures are likely to rise in the future, enabling the survival of insect 
species in southern Sweden’s agricultural regions. There is also a high risk of new 
pests and diseases coming into the country when the climate changes and when 
new crops are introduced (Grünig et al., 2020b; Jordbruksverket, 2012a; 
Lamichhane et al., 2015). Jordbruksverket (2012a) identified possible insect, 
fungus, bacteria, and weed pests that are not present in Sweden today but may 
become a problem in the future. For Swedish agriculture, risks associated with 
pests are expected to be highest in the country's southern parts, as seen both by 
the analysis and the results of other studies (e.g., Grünig et al., 2020b, Eckersten et 
al., 2008). 
 

 
Figure 6: Mean minimum winter (January - March) temperatures in agricultural land for the 
current and future projections under RCP4.5 and RCP8.5 scenarios. The resolution of the 
agricultural land is 500 meters, and the climate data resolution is 0.5 degrees. 
 
Higher exposure to pests in agriculture will likely lead to increased pesticide usage 
(Wivstad, 2010). The development of organic agriculture and alternative methods 
to pesticides and can offset this trend significantly if political and economic forces 
enhance or regulate these changes (Wivstad, 2010). Increased cultivation of grains 
that require little or no pesticides and increased transition to organic farming of 
crops that generally require much pesticide are examples of methods to decrease 
pesticide use. Natural pest control is an ecosystem service for both vertebrate and 
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invertebrate animals. Since pesticides are often harmful to natural predators, 
natural pest control from vertebrates in southern Sweden can be favored by a 
warmer climate (Civantos et al., 2012). 
 
Climate warming is believed to favor many insects, which could increase damage 
to trees and thus negatively affect forestry. Hof and Svahlin (2016) modeled the 
geographical distribution of climate suitability in 2070 for 30 species of potential 
insect pests for forestry in northern Sweden. The study described that the current 
climate allows the distribution of insect species mainly near the coast and around 
large water bodies such as Storsjön in Jämtland. In 2070, under both RCP 4.5 and 
8.5 scenarios, most species' potential geographical distribution would increase to 
cover most of Norrland. The pest species' movement is in a north-western 
direction in northern Sweden (Grünig et al., 2020b), and the economic damage 
from pests in forestry is thus likely to increase and the insect distribution to spread 
faster in the more southern areas (Hof and Svahlin, 2016). Skogsstyrelsen (2020) 
has made estimates of risks within the forestry industry in Sweden to find that the 
most significant increase in costs is associated with infestation of spruce bark 
beetles, in 2050 and 2100, compared to the present period 1990-2010.  
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4.4 Groundwater contamination 
 

 

4.4.1 Current risk 

Contaminated soil is a problem globally, and the European Environmental 
Agency has estimated 340,000 contaminated areas of land within Europe (EEA, 
2020). There are approximately 25,000 contaminated sites in Sweden (Swedish 
EPA, 2017), and approximately 1,300 of these sites are considered at significant 
risk in terms of the environment or human health and require remediation 
measures (SGU, 2020). The Swedish Parliament has produced guidelines for 
future remediation of contaminated sites by adopting the environmental quality 
objective called A Non-Toxic Environment. The objective aims to ensure that 
the occurrence of human-made infrastructure or extracted materials or 
substances does not represent a threat to human health or biological diversity 
(Naturvårdverket, 2020). The primary sources of contamination include heavy 
metals, such as lead and arsenic, which predominantly come from atmospheric 
deposition of traffic emissions, mining, agriculture, release from landfills, other 
industrial activities, and accidental spills of contaminant substances (Barth et al., 
2009; Tóth et al., 2016; Jarsjö et al., 2017a). Lead and arsenic represent both high 
and low mobility of heavy metals within soils and groundwater, with arsenic 
being the most mobile (Jarsjö et al., 2020). The typical outcome from a 
contaminated site is a vertical gradient of metals in the soil, where the topsoil has 
the highest concentration that decreases with depth. Contamination uptake from 
the soil through crops and direct contact with the soil can lead to human 
exposure (Raguz et al., 2013). In turn,  waterborne spreading through coupled 
groundwater-surface water systems can affect wells and drinking water (Mulligan 
et al., 2001; Törnqvist et al., 2011). Current population densities and industries, 
and the resulting contamination sites, are located near water sources, further 
increasing the risks of exposure and contamination (Destouni et al., 2010; 
Persson et al., 2011; Andersson et al., 2014). 
 
The expected shift of temperatures suitable for agriculture northwards will 
improve crop conditions and productivity in Sweden and other Nordic countries 
(Trnka et al., 2011). Changes will probably be made to crop selection and 
cultivation to adapt to the shift in growing seasons (Olesen et al., 2011). The 
spatial and temporal distribution of crops, and subsequently, weeds will also be 
affected by the climate shift. Subsequently, pesticides will be used to a more 
considerable extent, leading to leaching and contamination of both surface and 
groundwater resources. Since groundwater can be slow and expensive to 

• Regions with high groundwater fluctuation in northern Sweden, 

are more at risk of contamination due to the mobilisation of heavy 

metals within the topsoil.  

• With conditions becoming more favourable for agriculture further 

north, the risk of contamination from pesticide use increases. 
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remediate (Vonberg et al., 2014), it is essential to protect groundwater resources. 
Herbicides tend to be more mobile and hence pose the most significant risk to 
groundwater contamination from agricultural practices. Climate change can, 
directly and indirectly, affect herbicide leaching by changes in precipitation and 
temperature and land and pesticide use (Steffens et al.,. 2015). 
 
Dissolved organic content in water contributes to the brownification of water as 
water becomes more coloured. Brownification is an environmental risk to the 
ecology of freshwaters as it affects the water quality and the function and structure 
of aquatic ecosystems (Solomon et al.,. 2015). Higher runoff is connected to 
higher transport of organic material (Svenskt Vatten, 2007), and residues of 
dissolved organic content interfere with the treatment process of drinking water 
and increase the risk of other harmful organic compounds in the water (Kritzberg 
et al., 2020). It is not fully clear how climate change and land-use change affect 
brownificaiton (Kritzberg et al., 2020). The water colour in the western part of 
Lake Mälaren has become darker over the past decades, especially during the 
spring when the humus transports are large (Sonesten et al., 2013).  

 

4.4.2 Risks in 2050-2070 

There are concerns that ongoing hydroclimatic changes can lead to aggregation 
and increase current contamination risks and affect transport pathways to 
drinking water wells and surface water (Schiedek et al., 2007; Colombani et al., 
2016; Jarsjö et al., 2017b). The effect of rising temperatures across the globe 
(Field, 2014) will impact the geochemical and physical properties of the 
contaminated soil interactions with groundwater (e.g., Augustsson et al., 2011). 
Recharge of groundwater levels will be affected by changes in the intensity and 
frequency of rainfall (Jyrkama and Sykes, 2007), which affect contaminant 
leaching and subsequent transport (Barth et al., 2009). The Arctic and Northern 
Europe are projected to see an increase in mean annual precipitation (Olsson and 
Foster, 2014) and rising temperatures in high latitude regions. Groundwater 
levels are vulnerable to the alteration from changing climatic conditions, both 
seasonally and annually (Rodhe et al., 2009; Sundén et al., 2010; Vikberg et al., 
2015).   
 
Warmer winters at high latitudes will lead to more extended periods with the 
unfrozen ground, snowmelt occurring earlier in the year, and precipitation in the 
form of rain rather than snow (Vikberg et al., 2015). These changes will increase 
the amount of potential groundwater recharge and, subsequently, groundwater 
levels (Sutinen et al., 2008; Okkonen and Kløve, 2011).  Vikberg et al. (2015) 
predict that groundwater levels over winter will increase in Sweden. However, 
warmer temperatures with higher evaporation, combined with less recharge and 
more strain on groundwater resources, will decrease groundwater levels during 
summer (Okkonen and Kløve, 2011), with more significant seasonal variations 
and increased fluctuation of groundwater levels.  
 
Jarsjö et al. (2020) conclude that for regions where the average groundwater level 
or its fluctuations are expected to increase, there is a risk that heavy metal 
contamination in the topsoil will become mobilized and spread to groundwater 
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systems. Climate change indirectly increases the transport of arsenic as the 
groundwater levels fluctuate. Lead is relatively stable in soil but is sensitive to 
increased groundwater levels and fluctuations due to the facilitated transport of 
lead particles within the highly conductive topsoil. Therefore, elements that 
increase solubility in the soil's upper layer are more susceptible to climate-driven 
groundwater change. 

 
Weeds and pests may be expected to shift northwards due to faster reproduction 
and increased survival rates (Patterson et al., 1999), which will affect the health of 
crops in Sweden (Roos et al., 2011). With increased pests due to climate change, 
more pesticides will be required to maintain crop health, leading to the increased 
risk of groundwater contamination resulting from pesticide leaching (Bloomfield 
and Marchant, 2013; Henriksen et al., 2013). The fate of the pesticides can be 
influenced by climate factors such as increased temperature and precipitation 
(Nolan et al., 2008). The direct effects of climate change do not necessarily result 
in negative impacts with increased temperature leading to higher contamination 
degradation rates. However, increased precipitation will generally lead to 
increased leaching (Bloomfield et al., 2006). Other influences on pesticide 
pathways include indirect effects of climate change, such as a change in crop 
growing patterns (Olesen et al., 2011), pesticide use (Koleva et al., 2009), and soil 
type and conditions such as soil thawing (Stenrød et al., 2008). Work by Steffens 
et al. ( 2015) portrayed the importance of indirect effects of climate change on 
herbicide leaching, as changes in land patterns and herbicide use will double the 
area at risk from groundwater contamination. Areas with medium to high clay 
content within the soil are at higher risk in the future if herbicide use increases 
(Steffens et al., 2015). 
 
In order to assess risks of potential contamination proxies, we used projections 
of snowmelt, minimum annual temperature, change in the runoff, and 
precipitation.  
Increased annual snowmelt is represented by the blue, and it can be seen in a 
band that runs from central to northern Sweden through Jämtland, Västerbotten, 
and Norrbotten. Snowmelt will increase recharge and increase groundwater 
levels, subsequently increasing the risk of heavy metal mobilization from the 
topsoil into the groundwater systems. A decrease in the annual change in 
snowmelt can be observed in southern Sweden, limiting groundwater 
contamination. The decrease is probably related to the occurrence of less snow. 
The risk of contamination is most significant when large fluctuations in 
groundwater occur, and reduced snowmelt change will mean less recharge and 
ultimately slow changes in groundwater level. The decrease in snowmelt in the 
south could result from warmer annual temperatures, hence less precipitation as 
snow in the winter.  
 

Figure 7 shows the reference period’s (1980-2000) annual minimum temperature, 
and figure 8 the change in annual minimum temperature for the RCP4.5 and 
RCP8.5 scenarios. There is currently an average annual minimum temperature in 
Sweden ranging from 6 °C in the south to -12 °C in the north. For scenario 
RCP4.5, the minimum temperature will rise by +2 °C in southern Sweden and 
+4 °C in the north. The increase in minimum temperature is even more 
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significant for RCP8.5 and will result in precipitation occurring as rain rather 
than snow later into the year (Xu, 2000). Warmer temperatures result in more 
water recharging into the groundwater as it is not stored as snow, causing higher-
than-average groundwater levels and fluctuations. These changes can activate the 
topsoil and mobilize contaminants that would otherwise be stable. Northern 
areas would be more at risk from groundwater contamination by groundwater 
fluctuations. Although these areas are not agricultural, freshwater and drinking 
water supply can still be contaminated, which can have a societal and ecological 
impact on mining or industrial activities that are to be developed in the future as 
temperatures increase. Drinking water wells can become contaminated, and water 
quality deteriorates. However, it is essential to note that soil type, geology, and 
other industrial pollution could severely affect the contamination of groundwater 
and must be considered in a more detailed, site-specific study. Snowmelt and 
temperature can provide a good proxy for areas where contamination can occur 
due to fluctuation of groundwater levels and subsequent mobilization of heavy 
metals within the topsoil. However, to fully understand the contamination 
potential of a source and the ability to get into groundwater systems more, 
detailed studies are required. The studies must deepen our understanding of 
precipitation, hill slope, infiltration, soil types, bedrock, pesticide and herbicide 
sources and amounts, and irrigation for specific sites to quantify the risk entirely. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7: Temperature in the reference period and Figure 8, a) change in temperature (℃) 

between 1980-2000 and 2050-2070 in RCP4.5 and (b) RCP8.5 

 
Figure 9 shows the annual change in precipitation for RCP4.5 and RCP8.5, 
where an increase can be seen for both scenarios. Although a minor increase is 
observed for the RCP4.5 scenario compared to the RCP8.5 scenario, both 
scenarios show positive changes, representing a general and wide-spread increase 
in precipitation in Sweden. Areas with the smallest change in precipitation are in 
the southeast of Sweden for both cases. For climate change projection RCP4.5, a 
large extent of southern Sweden has more minor precipitation changes than the 
rest of the country. This pattern is similar in RCP8.5; although the area is now 
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smaller, the precipitation change remains the same. Areas with a significant 
change in precipitation present the most risk as more precipitation can result in 
more significant recharge of groundwater and subsequently increased fluctuation 
and groundwater levels. If groundwater reaches the topsoil, metals can be 
mobilized and contaminate groundwater systems, potentially polluting the 
drinking water supply. For RCP4.5, the areas with the greatest change in 
precipitation, and subsequently the most at risk, are along the western border 
with Norway and the east coast north of Uppland county. These risk areas are 
the same for RCP8.5 but increase as the change in precipitation is greater. The 
increased change in precipitation for RCP8.5 also puts areas of the west coast of 
Sweden at a greater risk than RCP4.5. Counties of Västernorrland, Västerbotten, 
and Norrbotten are at risk on the east coast, with the latter being at risk on the 
west border. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9: Annual change in precipitation (mm) between 1980-2000 and 2050-2070 for 

RCP4.5 (a) and RCP8.5 (b) 
 
Figure 10 shows the annual change in runoff across Sweden for RCP4.5 and 
RCP8.5, where it can be observed that the greatest change in the runoff for both 
projections is along the western border with Norway. The south of Sweden does 
not see the same extent of change, and the change remains similar between the 
two future scenarios. However, the north of Sweden shows a significant change 
between the climate change projections, with RCP8.5 showing a more 
considerable increase in runoff change. It should be noted if there is a pollution 
source, such as a heavy metal concentration above average in the soil, within an 
area where a significant increase in both precipitation and runoff is observed, 
then this area could be considered high risk. The increased risk is related to more 
water infiltrating through the soil from precipitation and recharging the 
groundwater resulting in water levels fluctuating and increasing the risk of heavy 
metal mobilization from the topsoil. Changing groundwater levels also change 
the local hydraulic gradients, leading to more widespread transport of 
contamination. The areas where there are both high runoff and high precipitation 
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changes are along the Norwegian border and an area 70km inland of Sweden's 
north-eastern coast. These are areas where the conditions are most favorable to 
groundwater contamination, but a contamination source is unknown. With 
conditions becoming favorable for agriculture further north, increased pesticide 
use might provide a source of contamination. Further studies in these areas are 
needed to determine the extent of pollution and whether this affects flora and 
fauna. If the groundwater is getting more contaminated but is not relied on for 
humans or the ecosystem, it no longer presents a real risk.  

 
Figure 10: Change in runoff (mm) between 1980-2000 and 2050-2070 for RCP4.5 (a) 

and RCP8.5 (b) 
 

4.4.3 Knowledge gaps and recommendations 

Due to the site-specific nature of risks related to groundwater contamination, it is 
not feasible to have countrywide adaptive measures for such risk. However, a set 
of guidelines can be produced, and groundwater monitoring can allow the effects 
of climate change on groundwater contamination to be further understood. A 
joint water project by two municipalities is running in Skåne, Bromölla 
Municipality and Blekinge, Olofström Municipality, to secure access to reserve 
water from Olofström, with Olofström, in turn, having access to cleaner and 
safer water supply from Bromölla. Both municipalities have issues with the 
quality of their drinking water. The municipalities produced a joint agreement for 
water supply in 2012, enabling the construction of a pipeline between the 
counties and using Bromölla’s groundwater reservoirs to supply Olofström. By 
creating a joint water supply strategy, both municipalities have seen benefits. For 
the case of Bromölla, it has been beneficial from a financial point of view and to 
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obtain reserve water in the event of a water shortage. For Olofström, large 
quantities of clean, safe water can now be obtained from Bromölla. The cost of 
building the pipelines, waterworks, and groundwater wells is divided between the 
two municipalities, with the division being determined by the actual water use.  
 
Another adaptation and mitigation case is along the Höje River (Swedish Portal 
for Climate Change Adaptation, 2020). The Höje River Project collaboration 
started in 1991, intending to protect the water within the entire drainage basin. A 
holistic view and sharing the costs allowed the initiation of tangible 
measurements across the municipalities and the investment into new major 
projects, an approach that may become more valid as climate change presents 
further challenges. 

 

Lack of knowledge regarding how changing hydraulic gradients will affect flows of 
water on a larger scale. The hydraulic gradient is defined as a vector gradient 
between two or more hydraulic head measurements over the flow path's length, 
and the distribution of hydraulic heads through the aquifer determines where the 
groundwater will flow. It is not clear if there will be a potential risk of 
contamination when large bodies of water lose volume. Due to the site-specific 
nature of groundwater contamination problems, large reservoirs should be studied 
and the risk for that particular case assessed.  

 
Although the southwestern part of Skåne is strongly dominated by agriculture, 
there has always been a low level of pesticide and nutrient leaching from 
intensely cultivated land into adjacent watercourses. However, with increasing 
temperatures, the leaching amount can increase as milder winters result in the 
ground remaining unfrozen and precipitation falling as rain. Compared to 
uncultivated land, agricultural land releases rainwater faster, leading to increased 
leaching and the potential for flooding. When it comes to leaching, the 
importance of the choice of crop, soils, fertilization, and tilling measures should 
be studied based on anticipated changes in the climate, including the climate’s 
variability. Research from Lewan et al. (2009) suggests that restricting pesticide 
applications' timing to avoid wet soils in autumn could potentially reduce the 
pesticide losses by a factor of two or three and would be better for the farmers 
rather than a restriction based solely on the date. Risks to surface water in spring 
can also potentially be reduced by the same factor by avoiding the application of 
pesticides if the 5-day weather forecast predicts high levels of precipitation (>10 
mm). Since control measures of water quality cannot be confined to each 
municipality boundary as each measure will have an effect only downstream of 
the municipalities, a holistic approach is required to mitigate the risk of all 
municipalities affected.  
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4.5 Sea level rise and salt intrusion 

 

4.5.1 Current risks 

It is a fact that sea levels are rising due to melting ice from the Greenland ice sheet 
and the West Antarctic Ice Sheet (Hanna et al., 2005; Meier et al., 2007; Stroeve et 
al., 2007). The Intergovernmental Panel on Climate Change (IPCC) is an 
intergovernmental body of the United Nations that is dedicated to providing the 
world with objective, scientific information that is relevant to understanding the 
scientific basis of the risk of human-induced climate change, its impacts on 
ecology, politics, and economics, and providing possible response options. 
According to the IPCC, the pace of sea-level rise increases, and a global mean sea 
level rise of 0.63 m is likely to occur up to 2100 and continue rising beyond (IPCC, 
2014). Sea level rise can range from 52 to 98 cm in the scenario RCP8.5 for 
Sweden. On a more global scale, however, the Greenland Ice Sheet loss will result, 
with high levels of confidence, in a mean sea level rise of 7 m (IPCC, 2014). 
However, the exact amount and pace of sea-level rise are uncertain (Nicholls et al., 
2011). In Sweden, the net effect of sea-level rise, assuming a global sea-level rise of 
88 cm in 2100, is 80 cm in southern Sweden up to Östergötland, 50 cm in central 
regions up to Uppsala, and 20 cm in the northern regions (Swedish Commission 
on Climate Vulnerability, 2007). Postglacial rebound in Sweden will mean that 
local sea-level rise will be lower than global levels in its central and northern parts. 
Since land rise is minimal in the south, sea levels will rise the most in the country. 
The estimates of land uplift are based on the Swedish National Land Survey 
(Ågren and Svensson, 2007).  
 

4.5.2 Risks in 2050-2070 

One effect of rising sea levels on coastal regions would be seawater intrusion into 
coastal aquifers used for drinking water. For the Baltic Sea, studies have generally 
focused on climate change effects on surface water rather than groundwater 
resources (Andréasson et al., 2004; Graham, 2004). One of the first studies 
addressing the effect of climate change on seawater intrusion into coastal aquifers 
was Sherif and Singh (1999). Although this study was not carried in Sweden, it 
concluded that a 50 cm in sea level could result in an additional intrusion of 9 km 
into the Nile Delta aquifer. They also concluded that sea-level rise would impose 
additional seawater heads at the coast, and therefore, more seawater intrusion 
must be anticipated. Changes in the location of the freshwater-saltwater interface 

• The south-eastern coast of Sweden may be at risk from saltwater 

intrusion due to sea-level rise and changing groundwater level 

• Low lying lands in southern Sweden, and possibly Gotland and 

Öland, are at risk of inundation, resulting in loss of agricultural 

land and ecosystems.  
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of coastal aquifers can be affected relatively far inland with just a slight increase 
in sea level. Observations from Rasmussen et al. (2013) show that the volume 
and thickness of coastal freshwater aquifers surrounding the Baltic Sea can 
decrease considerably under changing climatic conditions. Due to the crystalline 
rocks, seawater's intrusion into freshwater aquifers is usually limited to a zone 
approximately 100 m wide along the coastline. However, where sedimentary rock 
formations occur in southern Sweden and the islands of Öland and Gotland, 
seawater intrusion can even reach aquifers located further away from the coast. 
Highly fractured limestone aquifers with karstic structures may be the reason why 
61% of all groundwater wells in Gotland can suffer from salt intrusion 
(Olofsson, 1996). In areas where sandy sediments with high permeability are 
hydraulically connected to the sea, saltwater has intruded into the aquifer when 
freshwater has been extracted for municipal supply. There is also the risk of 
direct inundation of coastal wells from sea level rise, rendering their freshwater 
resource unusable. 
 
The drinking water supply and quality are affected by sea level rise and the 
agricultural and industrial sectors. Sea level rise can lead to flooding of the land. 
The flooded land also has the potential to release contaminants from within the 
soil. The flood risk areas within Sweden were defined in a 2018 report by the 
Swedish Civil Contingencies Agency (Myndigheten för samhällsskydd och 
beredskap, 2018), which stated that 25 areas were at risk, with 16 located in 
coastal areas. The risk of flooding increases along the coastal areas due to the 
projected increase in sea level. Most risk areas are located in southern Sweden, 
meaning that adaptation measures should be prioritized in these areas. 

 

Rising sea levels also induce increased erosion along the south coast, consisting 
of easily eroded soils and sand. Frequent erosion already occurs along the coast 
of Skåne, where the coastline has retreated in some locations over 150 m in the 
last 30 years (Rankka and Rydell, 2005; , with a risk for residential properties built 
along the coast. Waterside housing is sought after, and an increasingly large 
proportion of construction in southern Sweden is located within the coastal zone 
(5 km from the coast). More than 30% of Swedish buildings are in the coastal 
zone (Swedish Commission on Climate Vulnerability, 2007), and the proportion 
of buildings within 100 m of the shoreline has doubled from the 1970s to the 
1990s (Boverket, 2009). Over 150,000 buildings worth 220 billion SEK are 
located in areas that are susceptible to erosion from a sea-level rise of 88 cm 
(Swedish Commission on Climate Vulnerability, 2007), and the cost of protection 
against beach erosion along the 220 km stretch of coastline is estimated at 2.7-5.4 
billion SEK (Swedish Commission on Climate Vulnerability, 2007). 

 
The coastal protection policy in Sweden focuses on spatial planning. The first 
100 to 300 m of the coast must be kept free from exploitation according to the 
Nature Conservation Act of 1974. It is the municipality’s responsibility to comply 
with the law within spatial planning. Additionally, new development projects 
must have safety margins to protect against higher future water levels and 
erosion. Areas of the coast not required by private or public interests become 
managed areas (Dronkers and Stojanovic, 2016). 
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The future RCP4.5 and RCP8.5 scenario sea level data from SMHI ( 2019) was 
used to assess the potential threat of sea-level rise on coastal aquifers by saltwater 
intrusion and the subsequent effect on drinking water wells. The database for 
drinking water wells is from SGU (2020) and was filtered to represent only wells 
used for drinking water. For each scenario, both the average and the high sea 
level (SMHI, 2019) were used to calculate the wells put at risk. The household 
drinking water wells within 300 m and 500 m were calculated for each new sea 
level, similar to Eriksson et al. (2018). With increasing distance from the Baltic 
sea, the risk of saltwater intrusion decreases as the transition zone between salt 
and freshwater deepens. Two buffer zones were used, the first from the coastline 
to 300 m inland and the second 300 m to 500m from the inland, with the latter 
buffer zone representing a higher risk zone. Table 1 shows the number of wells 
within each buffer for future projections. 
 
Interestingly, under the RCP4.5 scenario, 3% of coastal drinking water wells will 
be put at risk. For RC, this number is lower with only an additional 2% of coastal 
wells within 300 m of the coastline, although we would have expected a more 
significant number of wells for this Business as usual scenario. A smaller increase 
in the number of wells at risk between 300 and 500 m can be observed, ranging 
from 1.5% for RCP4.5 up to 2% for RCP8.5. However, since distance alone is 
not a sufficient risk indicator for salt intrusion, groundwater level data have also 
been used in this report and change in summer runoff and precipitation for both 
projections. 
 
The groundwater level proxies used include CORDEX data for change in 
summer runoff and precipitation for both projections. Lower precipitation 
reduces the aquifer's recharge and results in an increased risk of saltwater 
intrusion (Rushton, 2004). Lower groundwater levels reduce the hydraulic 
gradient and freshwater flows towards the Baltic, further increasing saltwater 
intrusion risk (Klassen and Allen, 2017). The summer months are a period where 
groundwater levels are naturally low already.  
 

Table 1: Wells within 300m and 500m of the coast for the present and varying sea-level 
projections RCP4.5 and RCP8.5 for 2050 
 

 Number of wells located 
less than 300 m from the 

coast 

Number of wells located in 
the buffer between 300 and 

500 m from the coast 

Current 16,910 4952 

Average 
RCP4.5 

17,480 4709 

High RCP4.5 17,555 4692 

Average 
RCP8.5 

17,318 4924 

High RCP8.5 17,389 4934 



 

41 

 

       
Figure 11: a) Change in runoff (mm) and b) in precipitation (mm) for summer conditions 
between 1980-2000 and 2050-2070 in scenario RCP4.5. c) Risk zone for RCP4.5 sea 

level rise is shown with the black box 

 

Figure 12: Same as Figure 11, but for the scenario RCP8.5 

 
Figures 11a and b show the projected change in runoff and precipitation for the 
RCP4.5 scenario. The change in runoff during summer shows the majority of the 
eastern coastline of Sweden with decreasing runoff. In coastal areas with a 
decrease in runoff and precipitation, groundwater level changes can be assumed 
to decrease as well, increasing the risk of saltwater intrusion as the hydraulic 
gradient is reduced. Drinking water wells are most at risk in south Sweden, 
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posing a threat to the area's drinking water. The projected changes in 
precipitation and runoff for RCP8.5 (figure 12) are similar to those of RCP4.5 
shows more decreasing runoff on the east coast, probably increasing the risk of 
salt intrusion. This study identifies a coastal buffer with a risk of saltwater 
intrusion due to sea-level rise(Fig. 11c and 12c). The area could be better mapped 
using other parameters such as soil type, elevation, distance to lakes, and annual 
average precipitation (Eriksson et al., 2018).  

 
A study on the risk of sea-level rise by Eriksson et al. (2018) used these 
parameters and used a weighted average to develop detailed risk maps of Öland. 
Comprehensive studies by Eriksson et al. (2018) and Ebert et al. (2016) analyzed 
the effect of sea-level rise on Öland and Gotland, respectively. These studies 
looked at a hypothetical sea-level rise of 2 m, which is more than is projected for 
the future time frame used in this report of 2050-2070. Eriksson et al. (2018) 
concluded that with a future sea-level rise of 2m, 5% of the land area of Öland 
would be inundated along with 3% of wells, including wells used for small farms, 
summer houses, and for geothermal energy. As such, sea-level rise will be costly 
in areas that are more pronounced around densely populated areas where 
property loss and damage could be expensive. In the long term, Öland could 
suffer from the decrease in tourism as touristic areas are lost to sea-level rise. The 
north of Öland is more at risk of saltwater inundation as the land has a low 
elevation and relatively low annual precipitation. High-risk saltwater intrusion 
areas contain 17.5 % of the wells; therefore, the risk map produced by Eriksson 
et al. (2018) could be used to find locations for drinking water wells in areas of 
reduced risk. 

 
For a 2 m sea-level rise on Gotland, 3 % of the land will be inundated, affecting 
touristic and natural value areas (Ebert et al. 2016). The affected areas include 53 
% of endangered plants and species habitats, 35 % of camping areas, 60% of 
protected stack areas, and 60 % of all shore meadows. Sea level rise would 
directly inundate 231 wells and place many more wells within the high-risk zone 
for saltwater intrusion. Some features will be irreversibly lost, for example, loss of 
freshwater coastal aquifers due to saltwater intrusion, others could be moved 
inland, but this will come at a higher cost. Holistic approaches will be needed to 
study the future consequences of sea-level rise to identify risks for particular 
regions and take the appropriate actions (Ebert et al., 2016). 
 
Sea level rise and saltwater intrusion pose risks that need to be considered and 
managed. The Ystad municipality is already facing issues of coastal erosion. The 
rate of erosion is expected to increase as the sea rises. Ystad is located by the sea, 
and the coastal areas away from the city are essential for Ystad municipality’s 
natural environment and economy. The first large-scale beach nourishment project 
in Sweden took place in 2011, where 100,000 cubic meters of sediment were 
extracted from the seabed and placed on the two most affected beaches, Löderups 
Strandbad and Ystad Sandskog. Beach nourishment preserves the beach's natural 
and recreational values while acting as natural protection against coastal erosion. 
Ystad has budgeted 10 million SEK every three years to implement beach 
nourishment. The studies that form the basis for permits under the Environmental 
Code and the Continental Shelf Act for beach nourishment cost 3 million SEK 
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(Swedish Portal for Climate Change Adaptation, 2020). This adaptive measure 
could provide other municipalities facing similar risks a method to reduce the risk. 
 

4.5.3 Knowledge gaps and recommendations 

Better knowledge of individual tipping points for coast aquifers along the Swedish 
coast would help determine the subsequent risk of saltwater intrusion. A 
methodology to calculate these tipping points of seawater intrusion can be found 
in Mazi et al. (2013). Studies should focus on coastal settlements on the south-
eastern coastline where aquifers provide drinking water. These areas also 
commonly have aquifers in the sedimentary rock, which is more susceptible to 
saltwater intrusion. Investigations similar to Eriksson et al. (2018) can then be 
undertaken to quantify each specific site's risk. There is already good knowledge of 
which areas will flood and the infrastructure that is put at risk (Myndigheten för 
samhällsskydd och beredskap, 2018). However, more information on indirect 
consequences, such as the loss of habitats on local ecosystems, could be obtained 
in the future.  
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4.6 Health risks due to high temperatures 
 

4.6.1 Current risks 

4.6.1.1 Heat-related mortality 

Heat-related mortality increases at high temperatures (Rocklöv and Forsberg, 
2008). The risks are individual as they depend on the person's health and other 
factors. More vulnerable groups are older people and people with cardiovascular 
diseases (Folkhälsomyndigheten, 2015). However, both the duration and the 
intensity of heatwaves are linked to mortality in Sweden. The heat wave duration is 
the most critical factor for mortality in adults under 65, while the high 
temperatures are the most critical factor for people over 65 years old (Rocklöv et 
al., 2014). It is also likely that the geographical location is influential to the risk. 
For example, in California, it has been shown that sensitivity to heat is higher in 
the coastal regions than in the drier inland regions (McElroy et al., 2020). For 
Sweden's case, sensitivity to high temperatures may be higher in the North due to 
the population being less used to higher temperatures (Oudin Åström et al., 2020). 
Socioeconomic factors have also been linked to vulnerability to heat stress (Rohat 
et al., 2019). 
 
SMHI issues warnings of heatwaves if the maximum temperature is above 30 °C 
three days in a row or more (SMHI, 2019). In 2018, the heatwave in Sweden had 
more days in July, with temperatures above 30 °C than what has ever been 
previously recorded. There were approximately 700 more deaths during the period 
June – August compared to the same period in other years, but the statistics do 
not show whether the deaths were caused by the heat (Folkhälsomyndigheten, 
2018a). 

4.6.1.2 Infectious diseases 

The spread and range of several infectious diseases depend on the climatic 
conditions. However, it is difficult to determine whether increases or decreases in 
the spread of different diseases are related to climate change, especially as there 
may be other factors influencing the spread and distribution of diseases (Carlson 
et al., 2011). 
 
The native species of tick in Sweden, a vector of both Tick-Borne Encephalitis 
(TBE) and Lyme borreliosis, has been increasing in numbers and distribution, and 
the spread of the diseases is also increasing (Carlson et al., 2011). Ticks are now 
found further north than thirty years ago, covering southern and central Sweden 
and the whole coastal area of Norrland (Jaenson et al., 2012b). There can be 
several reasons behind the increased distribution, partly due to increases in host 
animals' availability and to a milder climate with a longer warm season (Jaenson et 

• Increased risk of urban heat waves in summer 

• Increased spread of diseases from vectors 

• Higher water temperatures increase the risk of exposure to 

pathogens 

•  
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al., 2012a). Host species of different parasites can also spread further due to 
climate change and thereby increase the parasite spread (Deksne et al., 2020). 
 
In salt or brackish water, the bacteria in the Vibrio group (causing the illness 
Vibriosis) is present, and its growth is increased in water temperatures above 20 
°C (Folkhälsomyndigheten, 2017b). During warm summers, there have been 
outbreaks of Vibriosis, where most of the infected persons are exposed to the 
bacteria when swimming in the Baltic Sea (Folkhälsomyndigheten, 2017b). The 
summer of 2014 was hot, and with more Vibriosis cases compared to average 
years in both Sweden and Finland (Baker-Austin et al., 2016). The disease is not 
contagious between humans (Folkhälsomyndigheten, 2017b), but water-borne 
diseases can also impact humans by infected drinking water. In 2010, an outbreak 
of the parasite Cryptosporidium affected the drinking water supply for the city of 
Östersund (Carlson et al., 2011). There were 27 000 people infected by the 
outbreak, with gastrointestinal illness and complications (Widerström et al., 2014). 
The cause of the contamination is not known (Folkhälsomyndigheten, 2016). 
 
Tularaemia is a vector-borne illness transmitted by a range of different animals, 
including mosquitos and hares (Ma et al., 2020). The bacterium can also survive in 
water, so contaminated water contributes to some outbreaks (Lindhusen Lindhé et 
al., 2018). In the summer months of 2019, there was an outbreak of Tularaemia in 
central Sweden, with about four times the amount of cases compared to the 
average of the past two decades (Dryselius et al., 2019). In Sweden, most cases 
occur in the summer months (Lindhusen Lindhé et al., 2018), and rising 
temperatures in the future may lead to a long summer, leading to an increase in the 
number of cases. Tularemia outbreaks are local suggests that other factors 
influence its spread to a greater degree than large-scale temperature changes 
(Rydén et al., 2009). A recent modeling study indicated that hydroclimatic changes 
such as precipitation and runoff are more influential for the spread of Tularaemia. 
The study projected an increased spread of the Tularemia disease in the central 
and north of Sweden: more specifically, the counties of Norrbotten, Jämtland, 
north Gävleborg, Dalarna, and Värmland (Ma et al., 2020). 
 

4.6.2 Risks in 2050 – 2070 

4.6.2.1 Heat-related mortality 

As the temperature in Sweden increases, mortality during heat waves is expected 
to increase, especially in the northern areas that are not used to higher 
temperatures (Rocklöv and Forsberg, 2008). The climate index of heat waves from 
SMHI is calculated as the highest number of consecutive days with mean daily 
temperatures over 20 °C (SMHI, 2020a). Using climate models, SMHI (2020a) 
found a dramatic increase in the index under the RCP 8.5 scenario towards the 
end of the century for all of Sweden. The projections for 2021-2050 are similar for 
RCP 4.5 and RCP 8.5 scenarios, but towards the end of the century, there are 
much more significant differences between the scenarios. The heatwave index will 
be the highest in south-eastern Sweden, especially around lake Mälaren and the 
eastern Baltic coast, including the Gotland and Öland islands, as well as the west 
coast of Skåne and around lake Vänern (SMHI, 2020a). The areas with high heat 
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wave indices are thus likely to experience high temperatures for many consecutive 
days in the future. Most counties in Svealand and Götaland are aware of the risks 
of high heat to human health, especially in cities (e.g. Länsstyrelsen Blekinge län, 
2014; Länsstyrelsen i Västra Götalands län, 2017; Länsstyrelsen Kalmar län and 
Lars Ljungström, 2012; Länsstyrelsen Skåne, 2020; Länsstyrelsen Stockholm, 2014; 
Länsstyrelsen Västmanlands län, 2013). 
 

4.6.2.2 Infectious diseases 

The spreading of diseases from vectors, such as ticks or mosquitos, is expected to 
increase. There are many species of potential vectors that are already in Sweden 
that can spread new diseases. The changing climate also allows new vector species 
to spread to Sweden from the south and expand the distribution of native vectors 
northward within the country as vector insects often benefit from warmer 
temperatures (Carlson et al., 2011; Garamszegi, 2011). 
 
Many counties mention in their climate adaptation plans increasing risks to human 
health from both vector-borne diseases and pathogens in water resources (e.g. 
Länsstyrelsen i Kronobergs Län, 2016; Länsstyrelsen Jämtlands län, 2018; 
Länsstyrelsen Östergötland, 2014; Länsstyrelsen Västerbotten, 2014; Länsstyrelsen 
Västmanlands län, 2013). The Public Health Agency of Sweden published a report 
in 2011 (Carlson et al., 2011) describing the connections between climate and 
public health without making any predictions. In 2007, the Climate and 
Vulnerability Report (Sverige inför klimatförändringarna - hot och möjligheter, 2007) made 
a risk assessment of several diseases that could be connected to climate change. 
The diseases classified as high or very high risk were Borrelia, Visceral 
Leishmaniasis, and Vibriosis contracted from ticks, mosquitos, and lake water, 
respectively. 
 
The common species of tick in Sweden (Ixodes Ricinus) thrive in humid areas near 
the ground surface (Jaenson et al., 2018). The number of days with temperatures 
above nine degrees is thought to correlate with the higher transmission of the 
TBE virus due to less tick activity at colder temperatures (Jaenson et al., 2018). 
Mean summer (June – August) temperatures are above 9 °C in most of Sweden, 
with the area increasing under both future scenarios RCP 4.5 and RCP 8.5. 
Although the location of temperatures above 9 °C during the reference period 
(figure 13) is further north than the actual spatial distribution of ticks in the same 
period, the actual distribution has expanded since then, especially in areas near 
lakes (Jaenson et al., 2012b). The northward migration of warmer summer 
temperatures shown in figure 20 reflects that suitability for ticks and the 
transmission of TBE may be expanding with climate change. This expansion is 
controlled by water availability and the ability of ticks to disperse in the landscape. 
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Figure 13: Mean summer (June - August) temperature above or below nine degrees centigrade. 

 
There is an increasing risk of spreading water-borne diseases when water 
temperatures increase (Carlson et al., 2011). An increase in pathogens is most 
likely due to warmer waters for a more extended period, favorable for growth 
(Statens Veterinärmedicinska Anstalt et al., 2019). However, warm water 
temperatures can decrease the infection risks for enteric pathogens (e.g., E. coli) 
due to inactivation at higher temperatures (Coffey et al., 2014). Other less sensitive 
pathogens (e.g., Norovirus) can expand their distribution due to increased survival 
at higher temperatures (Sterk et al., 2013). 
 
There can be many factors driving temperature change in lakes, but the most 
important are the air temperature and solar radiation (Schmid and Köster, 2016). 
The effect of air temperature warming on lake water temperature can be 
dampened or increased by the lake's morphology, stratification, and mixing 
regime. Warm temperatures early in the year can increase the stratification of a 
lake, which causes the surface layer to be smaller in volume and faster to warm up 
in the summer from higher temperatures (Piccolroaz et al., 2015). A larger volume 
of water takes longer to heat up, and there is more prominent inertia of 
temperature change in larger lakes than in smaller lakes, and the thickness of the 
surface layer (i.e., how stratified the lake is), as well as the total depth of the lake, 
affects the rate of temperature change (Toffolon et al., 2014). Hence, the air 
temperature change can be used as an indicator of surface water temperature 
change (Piccolroaz et al., 2020). The climate models predict summer air 
temperature increase in all of Sweden. The temperature change is more extensive 
in the RCP 8.5 than in the RCP 4.5 scenario. While summer temperatures are 
higher in the south, the temperature increase is higher in the north (figure 14). 
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Regarding pathogens in surface water, the projected air temperature increase 
suggests that northern Sweden may find an increased survival rate for many 
pathogens, while the changes for southern Sweden are not as drastic. 
 
The Swedish water treatment infrastructure is adapted to treating the water from 
bacteria, but the threat to water quality from parasites and viruses will likely 
increase in the future (Svenskt Vatten, 2007). The current water treatment 
methods may then not be adapted to these new threats, as mentioned by the 
counties Blekinge (Länsstyrelsen Blekinge län, 2014), Jämtland (Länsstyrelsen 
Jämtlands län, 2018) and Västerbotten (Länsstyrelsen Västerbotten, 2014). There is 
a high risk of organic contaminants reaching the water supply when untreated 
water is released due to high flows (Svenskt Vatten, 2007). 

4.6.3 Knowledge gaps 

The indoor temperature is essential when considering the heat effects on health, 
especially because many people in Sweden spend most of their time indoors 
(Folkhälsomyndigheten, 2018b). Many factors influence the indoor temperature 
during a heatwave, such as air conditioning, the type of building, and location in 
the city (Folkhälsomyndigheten, 2018b). Folkhälsomyndigheten (2019) has 
developed a method for mapping the risk of high temperatures in urban areas 
based on building materials, vegetation, geometry and density of buildings, and 
population vulnerability. Trees and other vegetation are essential to reduce high 
temperatures in cities (Länsstyrelsen i Stockholms län, 2019). For example, some 
local studies have been made in Stockholm (Länsstyrelsen i Stockholms län, 2019; 
Lindberg et al., 2012), but to determine relative risks on a national scale, more 
cities need to conduct studies mapping heat-related health risks. 
 
 

 
Figure 14: Air temperature change under RCP 8.5 from climate models with resolution 0.5 

degrees, masked by surface water coverage with resolution 1000 meters 
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The National Veterinary Institute mentions a risk of increasing resistance to 
antibiotics with climate change (Statens Veterinärmedicinska Anstalt et al., 2019). 
They attribute this increase to the risk of sewage overflow and use of antibiotics as 
diseases spread. Higher antibiotic resistance may develop in microbes due to 
physiological changes caused by increasing temperature (Rodríguez-Verdugo et al., 
2020). More research is needed to understand the link between climate change and 
antibiotic resistance (Rodríguez-Verdugo et al., 2020). The work to manage 
antibiotic resistance in Sweden is focused on using antibiotics and the 
communication around it, with no specific mention to climate change 
(Folkhälsomyndigheten, 2014). 
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4.7 Risks for terrestrial ecosystems 
 

4.7.1 Current risks 

The tolerance of different species to temperature change, especially during their 
most vulnerable life stages, determines how a species will be affected by climate 
change (Loarie et al., 2009). A study in Skåne, Sweden, found that past changes in 
flora distribution could be attributed mainly to rising temperatures and land-use 
change (Tyler et al., 2018). The species distribution of pollinators in alpine areas in 
northern Sweden is changing, with southern species migrating upwards to the 
alpine areas and increasing the number of species in the high alpine areas (Franzén 
et al., 2012). The horizontal movement required to keep up with a specific 
temperature is more prominent in flat landscapes than in mountain regions due to 
the topography difference (Peterson, 2003). Therefore, the shift of habitats may be 
more significant in flat landscapes than in mountain regions (Loarie et al., 2009). 
However, for species adapted to live in a mountain region's highest altitudes, there 
may be no place to migrate to when the climate warms (Peterson, 2003), such as in 
many alpine ecosystems around the world (e.g., Cresso et al. 2020)  
 
Climate change can affect different species differently, causing previously well-
timed events to lose their timing, often referred to as phenological mismatch. 
Examples of this are roe deer’s birth advancing slower than the start of the 
growing season (Rehnus et al., 2020) or mountain hares fur becoming white earlier 
than the snow cover, making them more visible to predators (Hofmeester et al., 
2020). 

4.7.2 Risks in 2050 – 2070 

Warmer temperatures have been found to increase the length of the growing 
period in northern ecosystems (Richardson et al., 2018; Schwartz et al., 2006). The 
length of daylight hours (photoperiod) does not inhibit an earlier start of the 
season (Richardson et al., 2018), although it may have a more restricting effect on 
low-latitude species (Zohner et al., 2016). The earlier vegetation period's start 
seems to make the vegetation more sensitive to cold temperatures and frost 
damages (Richardson et al., 2018). There are also indications that some plants' 
species will be delayed at the start of the vegetation period if there is a lack of a 
chilling period during winter (Laube et al., 2014). Frost damage to spruce seedlings 

• Changes in the climate cause migration of biomes, often to higher 

latitudes or altitudes. There is a risk of loss of species who cannot 

adapt to the change or migrate to suitable locations. 

• An earlier start of the vegetation period may increase the frost 

damages to plants. 

• The temperature around zero degrees can cause an ice layer to 

form on top of the snow, preventing mammals' grazing such as 

reindeer. 

•  
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is projected to increase in southern Sweden as the bud burst will occur earlier in 
the season in the period 2036-2065 compared to 1961-1990, but in northern 
Sweden, this risk is not expected to increase (Langvall, 2011). 
 
At temperatures above zero, snow melts. When the temperature goes below zero, 
the water freezes again, which creates a layer of ice on the snow, preventing 
reindeers from grazing. The situation creates a need for support feeding, which 
increases the risks of spreading diseases between the animals as the animals get 
close to each other (Sametinget, 2017). 

The potential habitats for arctic and subarctic mammals have been shown to 
increase to 2080 for many species (Hof et al., 2012). However, the animals’ ability 
to disperse to new areas and human interaction: for example, hunting and land-use 
changes, limits the ability of arctic animals to find new habitats (Hof et al., 2012). 
As the climatic zones move northward, species can either adapt genetically 
through generations to the new conditions or migrate to new suitable 
environments (Bernes, 2016). The fundamental niche refers to the ranges of 
environmental parameters that a particular species could exist within if there were 
no competition from other species. The ranges of parameters of the fundamental 
niche are thought to be constant. The niche a species occupies in an ecosystem is 
narrower than the fundamental niche and is determined by competition and 
interaction with the other species. Changes in the environment can cause species 
to occupy a slightly different niche than the previous one. However, the niche of a 
species will not shift outside of the fundamental niche (Wasof et al., 2013). Species 
may therefore show adaptive capacity up to a certain threshold. Climate warming 
can be too fast for many species to adapt or migrate, mainly due to the 
fragmentation of habitats from human land use (Bernes, 2016). The tree line in the 
Swedish mountains can advance by several hundred meters to the end of the 
century, and with a 3-4 degrees warming, most of the bare mountain areas in 
Sweden would be lost (Bernes, 2016). Sensitive species in alpine areas are likely to 
be lost when there is no place to migrate (Bernes, 2016). 
 

4.7.2.1 Analysis of hydroclimatic change to understand the change 

in conditions for Swedish ecosystems  

 
Both terrestrial and aquatic ecosystems depend on freshwater to thrive, and fresh 
water on the surface is dependent on water availability from the atmosphere in the 
form of precipitation and energy in the form of radiation. Understanding how water 
and energy availability will change in the future enables an insight into how 
ecosystems may react to these ongoing hydroclimatic changes. The Budyko 
framework is an essential tool that can be used for such a purpose (Budyko 1974). 
The framework provides a relationship between the aridity index (PET/P) and the 
evaporative ratio (E/P). The first represents the location's level of aridity, whereas 
the second shows how much of the water falling as precipitation partitions into 
evaporation. Its inverse then provides information on the quantity of water that is 
usually running on the surface and available to ecosystems and aquatic resources. It 
is common to refer to the mathematical space generated by PET/P on the x-axis 
and ET/P on the y-axis as the Budyko space. Looking at the ratios between the vital 
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water and energy balance parameters can give a general insight into the primary 
wetting and drying trends (Greve et al., 2014), linking changes in energy demand 
driven by climate warming to effects on water partitioning and water availability on 
land (Piemontese et al.). This approach has been used to understand hydroclimatic 
changes in Sweden from the mid-20th century to the beginning of the 21st century 
(van der Velde et al. 2014). We here make a similar approach between the reference 
period 1980 – 2000 and over the future period 2050 – 2070 by using the CORDEX 
outputs of precipitation (P), evapotranspiration (ET), and potential 
evapotranspiration (PET). As PET and P's ratio is the dryness index, values over 1 
indicate that the system is water-limited, meaning that the temperature is high 
enough to evaporate more water than is available. The ET is calculated from the 
water balance (i.e., P-R), while the PET is calculated from modeled and observed 
annual temperature with the Langbein formula. All points from the analysis in 
Sweden have a dryness index below 1, indicating an energy limited system where 
more of the available water could be evaporated if the temperatures were higher. 
The ratio of ET and P is the evaporative index, indicating how much of the 
incoming precipitation is evaporated, and is defined between 0 and 1 (figure 15a). 

 
The magnitude (dimensionless) (figure 15a) and direction (in degrees) (figure 15b) 
of the change between the observed data in the reference period and the modeled 
data in the future period with scenario RCP 8.5 is plotted in the Budyko space and 
on the map of Sweden (figure 16a and b, respectively) following the calculations by 
Jaramillo et al. (2018) for Sweden. The most significant change is projected for 
northern Sweden, except in the mountain areas along the border to Norway. The 
change in hydroclimatic conditions is most pronounced in the far north and 
decreases to the south. A more significant change is also projected for the 
Mälardalen area, south-eastern Sweden, and large lakes. The magnitude of change 
can be interpreted as the sensitivity of an ecosystem to climate change (van der 
Velde et al., 2014). The vegetation can adapt to temperature and precipitation 
changes, which would not alter the position in the Budyko space much. The 
difference of magnitude in geographical space can indicate the difference in 
sensitivity between different ecosystems. However, the raster's coarse resolution 
makes it difficult to distinguish between different ecosystems, especially in 
heterogeneous landscapes such as mountain regions. The raster values represent 
averages over 50 km cells and thus can represent a multitude of different ecosystems 
making interpretation difficult. 

 
Topography influences the spatial variability of climate, creating cooler and warmer 
parts of the landscape at different altitudes and aspects. Species at the edge of their 
optimum temperature range in a particular environment can find refuge where 
regional climate changes are buffered (Ackerly et al., 2020). Microclimates can 
sometimes act as refugia against climate change. The variability of climate on a local 
scale is lost by the coarse resolution of the climate models. To better understand 
climate warming's effect on biodiversity, a higher resolution analysis is needed, 
which takes microclimates into account (Lenoir et al., 2017). 
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Figure 15: Every cell in Sweden from the climate model of 2050-2070 in scenario RCP 8.5 
plotted in the Budyko space. The color of the points shows a) magnitude of change from 1980-
2000 to 2050-2070 and b) the direction of change from 1980-2000 to 2050-2070 in degrees. 

 
 
 

 
Figure 16: a) magnitude of change from 1980-2000 to 2050-2070 and b) the direction of change 
from 1980-2000 to 2050-2070 in degrees. 
 

 
The direction of change in the Budyko plot describes the change between the 
reference period and the future period under RCP 8.5. The plot's change is to the 
left for most of northern Sweden, indicating a lower dryness index in the future 
period. In Mälardalen and along the west coast, the movement is towards a lower 
evaporative index. South-eastern Sweden has a movement towards higher dryness 
index and, in some places, also a higher evaporative index. The movement suggests 
that while northern Sweden could become wetter in the future period with a higher 
P than of PET, southern Sweden may become drier with a lower increase of P than 
PET. 

 



 

54 

Most of the Budyko plot points with high evaporative index fall outside the 
theoretical limits, with higher ET values than PET, evidencing some uncertainty of 
the climatic projections and models used for the calculations of hydrological 
variables. There is also a greater spread of those points and no clear pattern of either 
magnitude or direction. A more precise analysis is needed with higher geographical 
resolution and more reliable calculations of evapotranspiration. These results 
indicate that future hydrological changes will be most pronounced in northern 
Sweden, which can have significant impacts on ecosystems. The results also indicate 
that temperature rise in south-eastern Sweden will increase the evaporative capacity 
more than the precipitation increases, which needs to be given more attention 
concerning the risk of agricultural drought. 

Knowledge and Recommendations 

 

We recommend a holistic approach to understand hydroclimatic changes over the 

three most important biomes in Sweden; tundra, boreal and temperate forests. 

Most studies of the impacts of climate change on ecosystems are carried at the 

plot scale in Sweden, and they mainly focus on climatization and adaptation of 

species to temperature changes or increasing carbon dioxide concentrations. There 

is a lack of studies regarding the adaptation and resilience of these ecosystems to 

precipitation and other important climatic parameters such as wind velocity, 

atmospheric moisture, potential evaporation. Even more, these changes will 

develop at a more regional and landscape scale.  

 

Figure 17: Changes in the tundra, temperate and boreal forest biomes in Sweden in terms of 

mean temperature and total annual precipitation. The arrows visualize the changes from current 

conditions to future conditions. Notice that the new polygons do not intersect in most cases with 

the polygons describing these biomes' original conditions. 

 

Climate change will generate new conditions that these three biomes have not 

experienced before, at least in Sweden. It is necessary to understand these 
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conditions in the light of hydroclimatic frameworks such as the Budyko 

framework here described (Bdyko 1974; Piemontese et al., 2020; Jaramillo and 

Destouni, 2014) or the Novel Climate framework (Williams et al. 2007; Williams 

and Jackson 2007; Dahinden et al. 2017). These frameworks help understand risks 

at a more landscape scale rather than a species- or individual-dependent approach. 

A simple plot of how changes in precipitation and temperature in each of these 

three ecosystems occurs can show that, indeed, most of the areas of these 

ecosystems will experience combinations that do not currently exist at those 

locations. Hence, risks do exist regarding how these terrestrial ecosystems react to 

these novel climates that should be studied soon. 
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4.8 Risks in aquatic and marine ecosystems 
 

 

4.8.1 Current risks 

Eutrophication and hypoxia in the Baltic Sea are linked primarily to nutrients 
discharging to the ocean from rivers and atmospheric deposition (Meier et al., 
2019). For many decades, nutrients have been released from inland sources such 
as agricultural fertilizers, manure, and sewage water, through the river networks, 
and into the Baltic Sea (Arneborg and Gustafsson, 2020). Both nitrogen and 
phosphorus transport to the ocean varies significantly between years, with the 
variance mainly depending on runoff (Havs- och vattenmyndigheten, 2020d, 
2020e). Direct effects of climate change have a lesser impact on nutrient loads 
than anthropological changes (Pihlainen et al., 2020). The life cycle of phosphorus 
in the ocean is about 50 years, while nitrogen can be converted between different 
forms by cyanobacteria and has a residence time of only a few years (Arneborg 
and Gustafsson, 2020). With higher amounts of nutrients in the water, the organic 
material in the ocean increases. The decomposition of organic material requires 
oxygen, and as the algae sink to the bottom of the ocean, the water is depleted of 
oxygen. 
 
Climate-induced changes in precipitation patterns and temperature can affect 
eutrophication even in lakes with limited human interaction (Lu et al., 2019). 
Excessive nutrient transport to lakes can influence the water quality, for example, 
by increasing the severity of algal blooms and increasing oxygen depletion 
(Couture et al., 2014). There has been no significant change in total phosphorus 
concentration in Swedish lakes and rivers over the past twenty years (Havs- och 
vattenmyndigheten, 2020a).  
 
The majority of lakes and rivers that are relatively unaffected by human activities 
have a high or good status regarding eutrophication (Havs- och 
vattenmyndigheten, 2020a). The phosphorus concentration is primarily used when 
determining eutrophication status in freshwater (Havs- och vattenmyndigheten, 
2020b). The nitrogen levels in Swedish lakes and rivers are generally low in 
northern Sweden. There are low or moderate nitrogen concentrations in most 

• Climate change can cause a migration of biomes, which is a risk 

to the survival of many aquatic species. A warmer climate may 

also increase the suitability of invasive species, which can 

threaten the existing ecosystems. 

• Increasing runoff and precipitation may decrease the salinity of 

the Baltic Sea, negatively impacting saltwater species. 

• Increasing runoff could increase the transport of nutrients from 

land to the Baltic Sea and to freshwater lakes, enhancing 

eutrophication problems. 
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lakes and rivers not influenced by human activities (Havs- och vattenmyndigheten, 
2020b). The regions with severe eutrophication problems in freshwater are 
southern Scania, Mälardalen, Östergötland and southern lake Vänern (Havs- och 
vattenmyndigheten, 2020c). For Lake Mälaren, the ecological status in terms of 
phosphorus and nitrogen concentrations is unsatisfactory in most inflows, 
although the status at the outflows to the Baltic sea is good (Sonesten et al., 2013). 
The transport of phosphorus to Mälaren decreased dramatically in the 1960s due 
to improved water treatment but has remained stable since then (Sonesten et al., 
2013). The primary source of phosphorus to Mälaren is from agricultural land, but 
there is also a contribution from private sewage, treated water, surface runoff, and 
leaching from forestry (Sonesten et al., 2013).  
 
Algal blooms can occur both in the ocean water and in lakes. The probability of 
algal blooms is highest during summer and autumn. Algae need phosphorus and 
nitrogen for their growth, and eutrophication is a cause of more intense algal 
blooms. Health risks for people swimming in the water during algal blooms exist 
because some species of algae and cyanobacteria produce toxins (Havs- och 
vattenmyndigheten, 2019). The growth of algae and cyanobacteria also contributes 
to low oxygen levels near the ocean floor, as the decomposition of organic 
material uses up oxygen (Klimatanpassning.se, 2019). 
 
Deepwater is normally reoxygenated by vertical mixing with oxygen-rich surface 
water. Increased precipitation and increased runoff from land due to climate 
change will increase the addition of fresh water to the surface water, which will 
increase the stratification by increasing the density difference between surface and 
deep water. Vertical mixing of the water column can thus be prevented due to the 
water column's increased stratification. When the oxygen is depleted from the 
deep water, the water can become anoxic, with severe marine life consequences. 
The toxic substance hydrogen sulfide is formed in anoxic water (Hansson et al., 
2018).  
 
Climate warming may also increase the water temperature, which can lead to 
increased biological activity. The process of decomposing by increasing amounts 
of organic material increases oxygen consumption in the ocean, further depleting 
the deeper water of oxygen (Hansson et al., 2018). A large area of the Baltic Sea 
has anoxic conditions, and the area has been increasing for some years now. There 
are anoxic conditions in the sea between Gotland and the mainland of Sweden 
(Hansson et al., 2018). In lake Mälaren, there is a lack of oxygen in the most 
eutrophicated areas, which is more severe during warm summers (Sonesten et al., 
2013). During warm summers, the water's surface layers warm and prevent mixing 
in the water column,  restricting the bottom layers from being oxygenated. 
 
The total effects of warming waters on aquatic life can be challenging to establish 
due to complex food web systems, where one species' effect may affect other 
species (Jonsson and Setzer, 2015). The water temperature in lake Vättern has 
been increasing since 1980, which has direct and indirect effects on the lake 
species (Jonsson and Setzer, 2015). Warmer winter temperature advances the 
development of the Arctic charr’s fry and its prey zooplankton, but the change is 
more rapid for the fry, and thus the two events become desynchronized. Similarly, 
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the fish species vendace is affected by climate warming, which affects the food 
supply for the juvenile Arctic charr (Jonsson and Setzer, 2015). There are 
differences between different lakes and different species in how climate affects 
fish recruitment (Sandström et al., 2014). For example, the fish species Smelt is 
disadvantaged by water temperatures above 20 °C, and if summer temperatures in 
a lake are high for several consecutive years, the species may not have a chance to 
survive (Keskinen et al., 2012). Climate warming is expected to increase the 
suitability of many new species (Naturvårdsverket, 2020a). In the past (1979-2018), 
the climate change velocity in inland standing waters had a global mean of 14 
km/decade (Woolway and Maberly, 2020). In Sweden, the rate was highest in the 
southeastern part, including lakes Mälaren and Vättern, but also around lake 
Storsjön in Jämtland.  
 
The introduction of new species to an ecosystem can have a significant impact, for 
example, by increased competition between species or increased predation. The 
EU has classified 66 invasive alien species, some already in Sweden and some 
possibly arriving in the future. Disruptions to ecosystems can have economic 
consequences in terms of, for example, fisheries. Human activities most often 
introduce new species, and new species mainly reach marine ecosystems in Europe 
via shipping, for example, in the ballast water (Katsanevakis et al., 2013; Nunes et 
al., 2014). The number of invasive species that have been introduced to European 
waters from shipping has been increasing for several decades (Katsanevakis et al., 
2013). 
 
Swedish lakes have so far been affected by few invasive species (Nellbring et al., 
2011). Monitoring systems for invasive alien species in freshwater systems are 
being developed (Naturvårdsverket, 2020b). An essential part of monitoring 
includes citizen reporting of alien species' observations (Havs- och 
vattenmyndigheten, 2017). In lake Mälaren, the native species of crayfish have 
been lost due to the introduction of the crayfish’s plague and replaced by a 
different species of crayfish in the ecosystem (Sonesten et al., 2013). Other already 
established alien species include Canadian waterweed (Elodea canadensis), Zebra 
mussel (Dreissena polymorpha), and Nymphoides peltate (Nellbring et al., 2011). There is 
a lack of information on the risks of specific new species, especially as an alien 
species can exist in small populations for a long time before suddenly becoming 
invasive (Nellbring et al., 2011). 
 

4.8.2 Risks in 2050 – 2070 

Climate models project higher precipitation and runoff in the future, which will 
increase the freshwater inflow to the Baltic Sea. Saltwater is denser than fresh 
water and will sink to the ocean's lower levels, allowing the deep water to move up 
and be oxygenized closer to the atmosphere. A possible future decrease in the 
Baltic salinity could decrease the exchange between deep and surface water, which 
prevents oxygenation of the deep water (Arneborg and Gustafsson, 2020) and 
further increases anoxia episodes in the sea. Higher runoff may also increase the 
transport of nutrients from land, contributing to eutrophication. Higher water 
temperatures can speed up organic processes, increasing the amount of organic 
material which uses up oxygen as it decomposes (Arneborg and Gustafsson, 
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2020). Decreasing the Baltic Sea salinity is believed to negatively impact saltwater 
species, including the vital species of cod and blue mussel (Bernes, 2016). 
 
Nitrogen leaching is highly related to runoff, which is projected to increase with 
climate change, especially during the autumn season and the leaching of nitrogen 
(Øygarden et al., 2014). The highest losses of nitrogen from arable land occur in 
south-western Sweden, where the precipitation is high, while the loss of 
phosphorus is more spatially variably related to the soil type (Kyllmar et al., 2014). 
However, higher precipitation induces higher phosphorus loads (Couture et al., 
2014). In addition to changes in hydroclimatic variables, changes in agricultural 
practices and policies also significantly influence the total leaching of nutrients to 
water bodies (Couture et al., 2014). For instance, reductions of nutrient load to the 
Baltic Sea can compensate for the adverse effects of climate change, improving the 
Sea's ecological status and decreasing eutrophication (Saraiva et al., 2019). Future 
reductions in nutrient loads need to be determined considering the increased 
transport of nitrates due to higher winter streamflow (Teutschbein et al., 2017). In 
a future scenario with business as usual, both regarding climate and nutrient 
emissions, the Baltic Sea is predicted to suffer decreasing biodiversity and loss of 
habitats (Bauer et al., 2019). Depletion of oxygen is expected to increase in saline 
water, which deteriorates the available habitat for saltwater species (Wåhlström et 
al., 2020). 
 
The IPCC report (Sari Kovats et al., 2014) states that there is low confidence that 
higher temperatures will increase the severity of algal blooms, although warmer 
temperatures can increase the season's length by allowing plankton to start 
growing earlier (Weyhenmeyer, 2001). Higher annual precipitation can lead to 
lower Baltic Sea salinity, which is favorable for cyanobacteria 
(Klimatanpassning.se, 2019). Future increases in algal blooms due to warmer water 
temperatures threaten the water quality of Swedish lakes, for example, the lake 
Vänern, which currently has good water quality (Eklund et al., 2018). 
 
Rising temperatures are expected to shift the climate zones, impacting the 
different biomes and requiring adaptation or migration of the biomes' species. The 
survival of aquatic species is dependent on both their inherent mobility and the 
ability to travel between suitable habitats, which is impacted by how fragmented 
the different habitats are. For example, the movement upstream in rivers can be 
hindered by dams. Fish spawning in the rivers and channels around lake Vättern 
may be inhibited by low water levels in the future (Eklund et al., 2018). In the 
future period of 2006 – 2099, the velocity of climate change in freshwater lakes is 
expected to increase globally to 57.0±17.0 km/decade for the RCP 8.5 scenario 
and higher in summer than in winter (Woolway and Maberly, 2020). 
 
Reduction of water availability could occur during low flow periods (often 
summer) (Eklund et al., 2018). For instance, the number of days with shallow 
water levels in lake Vänern for transport to pass fully loaded are expected to 
increase with a few extra days per year to the end of the century, a few more with 
RCP 8.5 than with RCP 4.5 (Eklund et al., 2018). Low water levels in Göta Älv 
(downstream of Vänern) may be caused by the low flow from the hydroelectric 
dam. 
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Another potential risk of climate change in the Baltic Sea may be the acidification 
of its waters. Increasing CO2-levels in the atmosphere leads to increased CO2-
uptake in the oceans and is the most controlling pH factor in the Baltic Sea 
(Gustafsson and Gustafsson, 2020; Omstedt et al., 2012). The Baltic Sea's 
acidification is projected to continue, despite a buffering effect of increasing 
nutrient transport from land activities (Omstedt et al., 2014, 2012). Alkalinity from 
river transport and ocean processes counteracts a fraction of the effect from CO2 
(Müller et al., 2016). However, ocean acidification combined with ocean warming 
is a potential threat to cod fisheries in the Baltic Sea (Voss et al., 2019). While it is 
generally agreed that the Baltic Sea acidification will continue, there are 
uncertainties in how much of the effect will be counteracted by other processes 
and the response of the marine ecosystems. 
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5 Risk map for slow-onset 
risks in Sweden 
Based on the eight slow onset risks described in Section 4, we have developed two 
different risk maps for Sweden in 2050 for both RCP4.5 and RCP8.5 scenarios. 

 

 

Figure 17: Overview of a selection of climate-related risks in 2050-2070 under the climate 
scenario RCP4.5 
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Figure 18: Overview of a selection of climate-related risks in 2050-2070 under the climate 
scenario RCP8.5 
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Conclusions 
 

Different mitigation efforts are already taking place in Sweden, with many others 

planned to be introduced or expanded. Mitigation measures that are likely to 

impact the natural environment, in positive or negative ways, are wetland 

restoration, increased biomass cultivation for biofuels, and increased renewable 

energy production. 

While there are numerous examples of climate adaptation in many sectors and 

levels of society, there is a need to develop further knowledge and cooperation of 

adaptation and harmonization on a national level. Adaptation requires determining 

which possible future to prepare for and often choosing an emission scenario for 

future projections. Different organs may choose to refer to different future 

scenarios, reflecting their different responsibilities and perspectives. It does, 

however, mean that the adaptive measures in the society depend on who makes 

the decisions.  

The most significant consequences of climate change on groundwater supply are 

expected in southern Sweden. The country's southeastern parts are expected to 

have low groundwater levels, which affects water supply during summer and early 

autumn when groundwater levels are already at their lowest. We expect effects on 

both public and private water supply as groundwater abstraction may decrease as 

groundwater levels lower. 

Groundwater levels over winter will increase in Sweden in the future. However, 

warmer summers with higher evaporation, combined with less recharge and more 

considerable strain on groundwater resources, will decrease groundwater levels, 

which means more significant seasonal variations and increased groundwater levels 

fluctuation. Northern areas are most at risk from groundwater contamination by 

purely groundwater fluctuations, with drinking water wells risking contamination if 

pollutants are in the vicinity. Areas with a significant increase in both precipitation 

and runoff are deemed high risk for contamination. The areas where there are high 

runoff and high precipitation changes are along the Norwegian border and an area 

70 km inland of Sweden's north-eastern coast. These are areas where the 

conditions are most favorable to groundwater contamination, and it is necessary to 

make into possible contamination sources within these areas. 

Climate effects on agriculture are not well known, and there are both positive and 

negative effects. Southeastern Sweden is most at risk of droughts, though there is 

conflicting information. Droughts can significantly impact water availability, 

energy and water consumption for irrigation, and crop yields, especially in areas 

where crops with groundwater irrigation. If there is a lack of water for irrigation, 

there is a risk of severe yield losses. Not only will less water be available for 

irrigation, but there will be less water in the soils, increasing the strain on crops. 

The areas highlighted here are areas that adaptive measures should be considered, 
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such as planting new crops that require less water and changing agricultural 

practices. An example mentioned here is the increased cultivation of quinoa. 

It is relevant to further the knowledge of the effect that a changing climate may 

have on different species regarding pests. While southern Sweden is most at risk 

of new pests, northern Swedish agriculture and forestry are at risk of more 

southern species spreading north. There is a risk of more use of pesticides for 

these reasons. Compared to uncultivated land, agricultural land releases rainwater 

at a faster rate, leading to increased leaching and the potential for flooding. 

Regarding leaching, the importance of the choice of crop, soils, fertilization, and 

tilling measures should be studied based on anticipated changes in the climate, 

including the climate’s variability. 

Projected future sea-level rise will inundate coastal regions, where most 

settlements and infrastructure are found. The intrusion of seawater into freshwater 

aquifers is usually limited to a zone approximately 100 m wide along the coastline. 

However, where the rock types are sedimentary, for example, in southern Sweden 

and the islands of Öland and Gotland, seawater intrusion can occur in aquifers 

further from the coast. Most risk areas are located in southern Sweden, allowing 

adaptation measures to be prioritized in these areas. There is also a risk for 

residential properties built along the coast. Waterside housing is sought after, and 

an increasingly large proportion of construction in southern Sweden, almost half, 

is located within the coastal zone (5 km from the coast). Sea level rise will result in 

direct costs to society, which will be exaggerated around densely populated areas 

where the loss and damage to property could be extensive. For example, in the 

long term, Öland could suffer from the decrease in tourism as touristic areas are 

lost to sea-level rise. Better knowledge of individual tipping points for coast 

aquifers along the Swedish coast would help determine the subsequent risk of 

saltwater intrusion. Studies should be focused on coastal settlements on the 

southeast coastline where aquifers provide drinking water as these are areas most 

at risk. 

There are also health risks associated with climate change. Heatwaves in cities can 

induce increased mortality in vulnerable groups. There is a need for continued 

efforts to reduce the risks and increase preparedness, as extreme temperatures are 

likely to be more common in the future. This is especially important regarding the 

aging population, which may increase the vulnerability to heat-related diseases. 

There is considerable spatial variability in urban heat waves depending on many 

factors, which means that to determine risks at the national scale, more cities need 

to conduct studies mapping heat-related health risks. 

The changing climate also allows new vector species that may spread new diseases 

to spread to Sweden from the south and expand the distribution of native vectors 

northward in Sweden. More drastic changes in land use can often outweigh the 

environmental response to slow-onset climate risks. There are still many impacts 

that climate change can have on ecosystems, and it is important to continue 

researching the potential long-term effects on ecosystems. While the future 
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absolute temperatures are likely to be highest in southern Sweden, the temperature 

increase is higher in northern Sweden. This increased temperature will shift the 

biomes and require species to adapt or migrate. Rapid climate changes, coupled 

with anthropological influences, may however, cause a significant risk to 

biodiversity. 
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