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About this publication 
This publication contains a risk and vulnerability analysis of the impact of climate 
change on health in Sweden.  

Knowledge of the health risks that could be presented by climate change provides 
an important foundation for the Public Health Agency of Sweden’s overall 
mission: to promote health, prevent ill health and protect against threats to health. 
This publication also fulfils the requirements of Ordinance (2018:1428), which 
states that a climate and vulnerability analysis must form the basis for the direction 
and design of climate change adaptation actions among government agencies.  

This risk and vulnerability analysis may also provide useful knowledge support for 
other national government agencies and county administrative boards affected by 
the Ordinance on government agencies’ climate adaptation work (2018:1428). It 
may also provide support to regions and municipalities, and to decision-makers at 
national, regional and local levels, as well as the academic community, and the 
work of the Swedish Expert Council on Climate Adaptation.  

The risk and vulnerability analysis should be viewed as an assessment of the 
impact of climate change on health, based on the current situation in respect of 
society’s knowledge and management. It describes potential impacts and provides 
a foundation for developing preparedness, planning for, and preventing the risks 
associated with a changing climate. This means that confidence in this particular 
analysis will diminish as new knowledge emerges regarding impact on health, 
while adaptation measures implemented will alter the current scenario with regard 
to society’s vulnerabilities and coping capacity. This is why the Public Health 
Agency of Sweden intends to update the risk and vulnerability analysis as new 
knowledge emerges, at least every five years as required by Ordinance 
(2018:1428). 

The Unit for Environmental Health has been responsible for this work, with the 
assistance of external and internal experts. 

 

Public Health Agency of Sweden 

Olivia Wigzell 

Director-General   



4 

 

Contents 
Impact on health of climate change in Sweden ............................................................... 1 

About this publication ................................................................................................... 3 

Contents ...................................................................................................................... 4 

Abbreviations ............................................................................................................... 6 

Glossary ...................................................................................................................... 7 

Summary ..................................................................................................................... 9 

Health is affected by both extreme weather and changing ecosystems .......................... 9 

Heatwaves – the greatest risk to health ...................................................................... 9 

Introduction ............................................................................................................... 11 

Sweden’s climate has already changed ..................................................................... 11 

Future climate in Sweden ........................................................................................ 11 

Purpose ..................................................................................................................... 13 

Methodology .............................................................................................................. 14 

Updated literature review ........................................................................................ 14 

Choice of time horizon and climate scenario .............................................................. 14 

Risk assessment ..................................................................................................... 14 

Results ...................................................................................................................... 18 

Heatwaves ............................................................................................................. 20 

Pollen allergies ....................................................................................................... 24 

Tick-borne diseases ................................................................................................ 27 

Air pollution ........................................................................................................... 31 

Forest fires ............................................................................................................ 34 

Flooding ................................................................................................................ 37 

Water-borne infections ............................................................................................ 41 

Landslides .............................................................................................................. 45 

Food-borne infections ............................................................................................. 48 

Drought ................................................................................................................. 51 

Impact on drinking water ........................................................................................ 54 

Warmer winters...................................................................................................... 58 



5 

 

Rodent-borne diseases ............................................................................................ 61 

Mosquito-borne diseases ......................................................................................... 64 

Discussion ................................................................................................................. 68 

Climate change is already affecting health ................................................................ 68 

All health risks need to be considered in the long term .............................................. 68 

Combined effects of climate change need to be addressed ......................................... 68 

Global effects require in-depth analysis .................................................................... 69 

Use health as a driving force for all climate initiatives ................................................ 69 

Highlight synergies for effective action ..................................................................... 70 

References ................................................................................................................. 71 

 

  



6 

 

Abbreviations 
CCHF: Crimean-Congo Haemorrhagic Fever, a tick-borne viral disease 

ECDC: European Centre for Disease Prevention and Control, a public health 
agency of the European Union (EU) that assesses risks and provides guidance to 
help countries prevent and respond to outbreaks and public health threats  

EWRS: Early Warning and Response System, a web-based alert system for the 
European Commission, ECDC, and EU public health agencies responsible for 
cross-border health threats 

IHR: International Health Regulations 

IPCC: Intergovernmental Panel on Climate Change, the United Nations body for 
assessing the science related to climate change 

PFAS: Per- and polyfluoroalkyl substances. Sometimes also known as highly 
fluorinated substances. This is a large group of substances found throughout the 
environment, and almost all people have PFASs in their bodies. 

PM: Particulate Matter, airborne particles 10 or 2.5 micrometres (µm) in diameter 

RASFF: Rapid Alert System for Food and Feed, the EU’s rapid alert system for 
food that poses or could potentially pose a risk to human health 

RCP: Representative Concentration Pathways (RCPs) describe how greenhouse 
gas concentrations change over time. Scenarios are named after the radiative 
forcing level reached by the year 2100, e.g. RCP 4.5 and RCP 8.5. The higher the 
number, the greater the climate change. 

SSP: Shared Socioeconomic Pathways (SSP) describe socioeconomic scenarios. 
They include factors such as population, economic growth, education, urbanisation 
and technological development. A total of five different pathways are outlined for 
how the world might evolve on the basis of climate policy. The higher the SSP 
number, the higher the predicted level of emissions and climate change. 

STAR: Strategic Tool for Assessing Risk, a risk assessment tool developed by 
WHO as part of its work on the International Health Regulations (IHR) 

TBE: Tick-Borne Encephalitis 

WHO: World Health Organization 

WNV: West Nile Virus, a mosquito-borne viral disease  
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Glossary 
Cyanobacteria: Microscopic organisms that, in many species and genera, can be 
found in lakes, seas, soil, and in symbiosis with plants. Mass occurrences of 
cyanobacteria are known as algal blooms. Some species can produce toxins with 
various effects. Some 30 to 50 per cent of cyanobacterial blooms are toxic. 

Overflow discharge: A safety feature present in all municipal sewer networks. 
Overflow discharge involves a temporary release of untreated wastewater 
following heavy rainfall, for example. 

Endemic: Commonly found in a particular geographical area or biotope. 

Immunocompromised: People with compromised immune systems due to illness, 
immunosuppressive medication or radiotherapy. 

Inversion: A layer in the atmosphere where the temperature increases with 
altitude, instead of decreasing in the normal way with increasing altitude above the 
Earth’s surface. 

Zero-degree crossing: When both above-zero and below-zero temperatures are 
recorded outdoors two metres above the ground during the same 24-hour period. 

Neurodegenerative disease: A disease that slowly breaks down nerve cells in the 
nervous system, such as dementia and Alzheimer’s disease. 

Pathogen: An infectious agent or organism that causes disease, such as disease-
causing bacteria, viruses, fungi, worms and arthropods. 

Resilience: The ability of a system to withstand and manage change and continue 
to evolve; to cope with crises and disruptions while using the event to promote 
renewal. 

Rhinitis: An inflammation of the nasal mucous membranes. Common symptoms 
include sneezing, itching, runny nose, nasal congestion and fatigue.  

Raw water: Water intended to be used as drinking water. 

Sensitisation: When the body develops a sensitivity to something by forming 
antibodies. These antibodies may result in an allergy in some people, while some 
people who are sensitised to a particular substance never develop allergies. 

Thunderstorm asthma: A phenomenon characterised by a rapid increase in 
asthma cases in people, associated with high pollen counts and thunderstorms. 

Vector: In biology and medicine, a vector is an organism that can carry a pathogen 
or parasite, propagate it and transmit it to other species. The vector itself is not 
affected by the course of the disease. Ticks and mosquitoes are common vectors. 
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Zoonosis: A disease or pathogen that can spread naturally between animals and 
humans. Epidemic nephropathy and tularaemia are examples of zoonoses. 
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Summary 
Sweden’s population, ecosystems and infrastructure are adapted to our current 
climate, but the climate change we are now seeing is impacting conditions for 
health and a good living environment. This report describes how climate change 
affects health in Sweden and highlights the health risks that societal actors need to 
be prepared for so that they can prioritise actions, increase preparedness and create 
better conditions for preventive measures.  

The risk and vulnerability analysis is based on scientific evidence, agency reports, 
and expert assessments, and should be regarded as a snapshot of what is currently 
known about the impact of climate change on health in Sweden. The health risks 
assessed are those that exist or may arise within the borders of Sweden. They 
include both direct and indirect health effects that are important from a public 
health perspective. The analysis also includes an overview of society’s 
vulnerability and coping capacity. 

Health is affected by both extreme weather and changing 
ecosystems 
Climate change entails risks of health effects due to extreme weather events such 
as heatwaves, droughts and flooding. It also entails risks of health effects from 
other types of ecosystem changes, such as altered precipitation patterns and 
growing seasons that may favour various pathogens and disease-transmitting 
vectors. The combination of an ageing population, urbanisation and high 
temperatures are factors that have collectively impacted health in Sweden already 
and are expected to increase. 

The report lists 14 health risks according to risk level, in descending order. The 
following aspects are reported for each health risk: 

• Impact on health: exposure levels, severity, risk areas and risk groups. 

• Likelihood: how likely it is that health will be impacted in the near future. 

• Vulnerability and coping capacity: a snapshot of Sweden’s vulnerability and 
ability to manage health risks. 

Heatwaves – the greatest risk to health 
The results of the risk assessment show that heatwaves are the most significant 
health risk linked to a changing climate in Sweden. Heatwaves are assessed to have 
a critical impact on health, are highly likely to occur within 5 years, and the level 
of confidence in the assessment is high. 

The assessment also shows a high risk of flooding, water-borne infections, pollen 
allergies, forest fires, air pollution, tick-borne diseases and landslides due to 
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climate change, with equally high likelihood of occurrence but moderate impact on 
health. 

Food-borne infections and drought are at a medium-high risk level. These are 
assessed to have a minor impact on health but are highly likely to occur in the near 
future. At the same risk level are impacts on drinking water and warmer winters, 
albeit with a lower expected likelihood of occurrence but with slightly greater 
impact. 

Mosquito- and rodent-borne diseases are at a low risk level. The likelihood of 
introduction of new pathogens is assessed to be low in the coming years and they 
are therefore not expected to have significant impact on health in the near future. 
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Introduction 
Sweden’s climate has already changed 
The fact that temperature, precipitation and weather patterns have already changed 
over the last century is clearly evident from long series of global, national, and 
regional data (1, 2).  

The average temperature in Sweden has increased by 1.9 degrees since the early 
industrialisation era, which is more than twice the global increase. All four seasons 
have become warmer, with the greatest temperature increase observed during 
winter in northern Sweden. 

Annual precipitation has increased since the 1961–1990 period, with the greatest 
increase being seen in summer (3).  

The growing season in Sweden as a whole is now three to four weeks longer than it 
was at the start of the 20th century. This period is extended by about five weeks in 
the south of Sweden (Götaland), and by about two weeks in the northern parts of 
the country (Norrland). Since the 1961–1990 period, the amount of time with snow 
cover has decreased by more than 20 days in the southern and central parts 
(Götaland and Svealand), about 15 days in southern Norrland and just under 5 days 
in northern Norrland (4, 5).  

As average temperatures rise, the likelihood of extreme weather events such as 
droughts, heatwaves and torrential rain increases, which in turn increases the risk 
of flooding, landslides, slope failures and erosion.  

• Torrential rain has affected the whole country, but is slightly more common in 
the south (6). 

• To date, droughts have mainly affected eastern Götaland and Svealand (7). 

• Heatwaves have become longer and more intense, especially in southern 
Götaland and eastern Svealand (8). 

• The number of tropical nights, when the temperature does not drop below 20 
degrees during the night, has increased over the last 30 years (8).  

Future climate in Sweden 
It is not possible to say exactly how great the climate change will be; nor is it 
possible to say exactly what the change will be in a particular place at a particular 
time. The ability to describe the future climate is limited by the fact that we do not 
know the extent of climate-affecting emissions, and hence warming. Greenhouse 
gas emissions are reliant on societal developments, factors such as population, 
technological development, emission restrictions and energy efficiency.  
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Regardless of the pace of warming, climate change will affect the climate in all 
parts of the world and all layers of society (9). Calculations from the IPCC and the 
Swedish Meteorological and Hydrological Institute (SMHI) show that the 
temperature increase will be greater at northern latitudes, and therefore in Sweden 
(10). 

SMHI has produced climate scenarios and county-specific climate analyses for 
Sweden (11) that generally show an increase in average temperature and 
precipitation, but with greater differences between dry periods and periods with 
heavy precipitation. Temperatures are expected to increase in all seasons, but with 
regional differences. The greatest increase in temperatures is expected to occur in 
northern Sweden in winter, and the biggest changes will involve shorter and milder 
cold spells. The likelihood of more extreme weather events, such as heatwaves, 
droughts and flooding, is increasing. 
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Purpose 
The purpose of this report is to describe how climate change affects the health of 
the Swedish population and to highlight the health risks that societal actors need to 
be aware of and plan for in the near future. 

The key issues underlying this risk and vulnerability analysis are as follows: 

• Which health outcomes impacted by climate change are relevant in the 
Swedish context? 

• Which groups are particularly vulnerable to the health outcomes affected by 
climate change? 

• What risks are expected to occur as a result of climate change, and what level 
of severity and impact on health can be anticipated? 

• What are the vulnerabilities of society, and what capacity exists to respond to 
the health risks arising due to climate change?  
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Methodology 
Updated literature review 
A literature review of the impact on health of climate change in Sweden was 
conducted by the Public Health Agency of Sweden and Umeå University in the 
autumn of 2023. The literature review was based on a previous review (12), which 
was supplemented with relevant research published since 2019. 

Choice of time horizon and climate scenario 
Different scenarios and time horizons need to be selected depending on which 
societal actor is to undertake climate change adaptation (13).  

The Public Health Agency of Sweden assesses that public health work on climate 
change adaptation should focus on a time horizon up to 2050, since the health 
sector’s measures both can and need to be implemented in a relatively short time.  

Climate scenarios can be used to draw conclusions about how human behaviour 
may influence the climate of the future. Greenhouse gas emissions are reliant on 
societal developments, factors such as population, technological development, 
emission restrictions, energy efficiency and human lifestyles. The literature 
includes a range of alternative scenarios regarding society’s impact on climate. 

The Paris Agreement sets the goal of limiting the rise in global average 
temperature to well below 2 degrees, but aiming for less than 1.5 degrees, 
compared to pre-industrial levels. However, actual emissions at present are likely 
to be too high to be compatible with limiting warming to that goal (9).  

What can be deduced from the climate models is that all emission scenarios (RCP, 
SSP) indicate similar climate impacts over the next few decades due to 
uncertainties in the natural variability of the climate system (14). The risk 
assessment assumes that global warming will reach around 2 degrees by 2050, 
which would mean a significantly greater temperature change in northern latitudes, 
and hence also in Sweden. 

Risk assessment 
In December 2023, the Public Health Agency of Sweden held a workshop with 
27 experts from national government agencies and the academic community to 
jointly analyse the impact of climate change on disease burden and health 
outcomes in Sweden. 

The risk assessment used STAR, the Strategic Tool for Assessing Risk (15), which 
was developed by the World Health Organization (WHO) for use in the health 
sector for contingency planning for international health threats (IHR). The 
methodology advocates an approach that integrates contingency planning for all 
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types of disasters, whether caused by natural or human factors. The risk assessment 
is based on a snapshot of current knowledge and the existing capacity for risk 
management, and for each risk includes 

• identifying the risk and its related health effects  

• assessing the exposure of the population and risk groups to the risk  

• analysing vulnerability and coping capacity for managing the risk  

• assessing the likelihood of the risk occurring and its impact on health  

• estimating confidence in the assessment of the risk. 

Involving experts from various sectors in the risk assessment ensures that the 
various roles occupied by government agencies, other societal actors and civil 
society are taken into account in the work. 

Identified risks 
The health risks analysed during the workshop are limited to events occurring 
within the borders of Sweden. 

Seven of the health risks identified are environmental factors that are directly 
affected by the impact of climate change on temperature and precipitation, leading 
to impact on health of varying severity. These include heatwaves, warmer winters, 
forest fires, air pollution, droughts, flooding and landslides. The health risk related 
to impact on drinking water is addressed separately as it is influenced by both 
various environmental factors and changes in ecosystems, which in turn are 
affected to varying degrees by climate change.  

Six of the health risks represent health outcomes that can be linked to a 
combination of weather-related events and altered ecosystem parameters as a 
consequence of climate change. These are water- and food-borne infections, tick-, 
mosquito- and rodent-borne diseases and pollen allergies.  

The effects of climate change in other countries may also affect health in Sweden. 
This applies in particular to effects that could become global risks through their 
impacts on migration flows and food security. It is important to address these 
effects in Sweden’s preparedness work, but they require a different type of analysis 
and are presented in overview in the section titled Discussion. 

In the 2021 risk and vulnerability assessment, a literature review identified 
17 different health outcomes that are both affected by climate change and 
significant from a public health perspective in Sweden (13). The current 
assessment analyses 14 health risks instead. Impacts on the indoor environment are 
linked to several of the other health risks and are now assessed in the context of 
these. Similarly, zero-degree crossings are included in the assessment of warmer 
winters. The risk of cold snaps has not been assessed at this time, as the 
phenomenon is not expected to increase in Sweden due to climate change. 
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Risk level calculation 
The assessment is based on a number of steps for each health risk. The first step 
assesses severity – that is to say, the strength of the link between the health risk and 
expected climate change in Sweden by 2050 – and the seriousness of the impacts 
on health. The result gives a value on a scale of 1 to 5, where 1 is very low and 5 is 
very severe.  

To determine the level of impact, the severity score is then viewed in relation to 
society’s vulnerability and ability to manage the risk (Figure 1). 

Figure 1. Calculation of the level of impact on health. The model is based on the assigned 
values for severity, vulnerability and coping capacity and produces a rounded score of 1 to 
5. 

 
Source/calculation model: based on WHO STAR 2021 (15). 

Likelihood is based on past events and frequency and is rated on a scale of 1 (very 
unlikely) to 5 (almost certain). The likelihood is evaluated on the basis of a five-
year time horizon, as climate change adaptation work in Sweden is based on five-
year cycles, and to allow for prioritisation of actions in the near future (16, 17). 

To determine a risk level, the level of impact is multiplied by the likelihood score. 
The risk level is presented on a scale of 1 to 5, where 1 is very low and 5 is very 
high: see Figure 2. 
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Figure 2. Calculation of risk level. The model is based on the estimated level of health 
impact and the likelihood of the impact occurring within 5 years. 

 
Source/calculation model: based on WHO STAR 2021 (15). 

Confidence in the assessment  
Confidence in the assessment of each risk is deemed to be good, sufficient or 
uncertain, and any uncertainties identified are reported under each risk described. 
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Results 
Heatwaves are the most significant health risk linked to a changing climate in 
Sweden. Heatwaves are assessed to carry a very high risk level (red), with critical 
impact on health and a high likelihood that the identified impact on health will 
occur (see Figure 3).  

There are seven health risks at a high risk level (orange), with a high likelihood of 
occurrence and moderate impact: flooding, water-borne infections, pollen allergies, 
forest fires, air pollution, tick-borne diseases and landslides.  

Food-borne infections and drought are at a moderate risk level (light orange), with 
minor impact on health. Impact on drinking water and warmer winters are also at 
the same level of risk, albeit with a lower expected likelihood of significant impact 
on health within 5 years.  

Mosquito- and rodent-borne diseases (yellow) are at a low risk level. The 
emergence of new pathogens is deemed unlikely in Sweden in the near future, and 
is not expected to have a significant impact on health. 

Figure 3. Risk matrix of health risks related to climate change, based on an assessment of 
the level of impact and the likelihood of occurrence in Sweden within 5 years. The matrix 
presents a snapshot that includes an assessment of society’s present ability to manage the 
risks. The colours, from red to yellow, indicate very high to very low risk levels. 

 
Source/risk matrix: based on WHO STAR 2021 (15). 
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The following section presents the health risks in descending order according to the 
risk level identified. The following aspects are reported for each health risk: 

• Impact on health: exposure, severity, risk areas and risk groups. 

• Likelihood: how likely it is that health will be impacted within 5 years. 

• Vulnerability and coping capacity: a snapshot of Sweden’s vulnerability and 
ability to manage the health risk.  
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Heatwaves 

 
Good confidence in the assessment. 

Climate change is leading to higher temperatures, with longer and more intense 
heatwaves. There is no universally accepted international definition of a heatwave 
as conditions vary from country to country. In Sweden, SMHI defines a heatwave 
as a continuous period when the maximum daily temperature exceeds 25 degrees 
for at least five consecutive days (8). The Swedish warning system takes into 
account the health effects of high temperatures. An advisory or warning for high 
temperatures is issued when outdoor temperatures are expected to reach 26 degrees 
or higher for at least three consecutive days (18).  
 

 

Impact on health 
Prolonged periods of high temperatures can cause a range of health problems, from 
mild discomfort to premature death. The severity of the effects is dependent on 
both the intensity and the duration of the heat. In the summer of 2018, Sweden 
experienced prolonged high temperatures all over the country (19). Compiled data 
shows that mortality increased compared to previous summers, and overall excess 
mortality of about 700 deaths was observed for the whole summer (20). Heat-
related symptoms and complaints were also reported in the population in 
connection with the prolonged heat (21). 

Demonstrating the effects of heat on mortality is a complex task. Deaths on hot 
days in Sweden are often attributed to cardiovascular disease or heart failure, while 
heat stress is rarely noted as the cause of death. There are indications that the risk 
of dying from heat in Sweden has increased in recent decades (22–25).  
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Vulnerability to high temperatures can vary both among individuals and across 
different parts of the country. Studies conducted in Sweden have shown that the 
population in northern Sweden is affected more by high temperatures. This is 
reported to be due to the relative temperature change being greater in the north 
during heatwaves (26).  

High temperatures occurring early in the summer have a greater impact on the risk 
of death compared to those occurring later in the season. One explanation for this 
may be that the population gradually adapts to higher temperatures. The most 
vulnerable people tend to die first, which is why there is also a link between high 
winter mortality and low heat-related mortality the following summer, and vice 
versa (27). 

Risk groups 
Certain groups are particularly vulnerable to heat, partly because heat and 
dehydration place additional strain on the heart and circulatory system. This 
includes people with chronic illnesses, older adults, individuals with physical or 
mental disabilities, young children, pregnant women, and people taking certain 
medications (27). Pregnant women are more likely to give birth prematurely, 
increasing the likelihood of complications and low birth weight. 

For people suffering from depression, mental illness or substance abuse, the risk of 
death is significantly higher on hot days compared to days with lower temperatures 
(28). One contributing factor is the fact that serious side effects of medications 
increase under heat stress (29–31).  

Certain occupational groups are at higher risk of exposure to harmful heat. These 
include people performing heavy physical labour and emergency service personnel 
wearing protective clothing (32). A report by the Swedish Civil Contingencies 
Agency (MSB) also noted that the risk of road accidents may increase. Violence, 
riots and public disorder are also likely to increase during prolonged heatwaves 
(33). 

Likelihood 
Given current international commitments to limit emissions, heat-related illness in 
Sweden could double by the end of the century compared to today (34–36). 

Periods of high temperatures are expected to become more common in Sweden. 
Heatwaves, which have previously occurred once every twenty years on average, 
are projected to occur every three to five years by the end of the century (37, 38). 
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Vulnerability and coping capacity 
The risk assessment identified the fact that society has very high vulnerability and 
low capacity to manage the health impacts of heatwaves (see the section titled 
Methodology). 

 

Societal vulnerability during heatwaves 

• Sweden has an ageing population. The proportion of people over the 
age of 65 is expected to increase from 20 to 23 per cent of the 
population by 2050 (39). This means that the number of particularly 
vulnerable individuals is expected to increase by around 600,000. 

• As heatwaves typically occur during the height of summer, the strain 
on healthcare and social care services increases at a time when parts of 
the workforce are usually on holiday. 

• According to the National Board of Health and Welfare, the number of 
hospital overcrowding incidents has risen during the summer months 
over the past decade (40). 

• Existing buildings, including healthcare facilities, are not designed for 
heatwaves, and this may result in indoor temperatures exceeding 
comfortable limits (41). 

• Urban heat islands mean that people living in cities are particularly 
vulnerable during heatwaves (41). At present, 88 per cent of Sweden’s 
population lives in urban areas, and this share is expected to rise as the 
population grows (42). 

• Living alone, lacking social interaction or not being able to leave one’s 
home are risk factors during heatwaves. In Sweden, more than one in 
three people over the age of 60 lives alone (43). 

• Depending on the design of medicine stores, care facilities, operating 
theatres and sterile storage, heatwaves may impact healthcare on 
account of medicine shortages, challenges relating to hygiene and 
cancelled surgeries, for example (44). 

• Levels of air pollutants such as ground-level ozone and airborne 
particles also rise during heatwaves, further increasing the risk of death 
and ill health (41). 

• Continued cuts to healthcare resources and staff shortages present 
challenges in maintaining adequate access to care (45). 
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Societal capacity in the event of heatwaves 

• In 2022, SMHI introduced impact-based weather warnings, which are 
more adapted to regions and issued on the basis of the expected impact 
in specific areas (46). 

• The Public Health Agency of Sweden has issued guidance on heatwave 
action plans which is aimed at municipalities, regions and private 
healthcare providers (47). Many societal actors have already developed 
action plans (44). 

• The Public Health Agency of Sweden has issued a general 
recommendation (HSLF-FS 2024:10) concerning indoor temperatures, 
along with guidance that includes high-temperature situations (41, 44, 
48). 

  



24 

 

Pollen allergies 

 
Good confidence in the assessment. 

Climate change brings about seasonal shifts and changes in the length of the 
seasons, with an earlier start to the growing season and a longer growing season. 
Outdoor allergens affected by this include pollen from trees and grasses, as well as 
mould spores (49, 50). Climate change influences both the production and 
concentration of pollen in the atmosphere, the duration of the pollen season and the 
allergenic potential of pollen (51). 

 

Impact on health 
In Sweden, a large proportion of the population, around 39 per cent, report 
symptoms, hypersensitivity or allergy to pollen, and this share has increased over 
time (52). 

Health effects of pollen include asthma, eye infections, increased susceptibility to 
viral infections, respiratory diseases (53, 54), and worsening of cardiovascular 
disease.  

Quality of life may be negatively affected during periods with high pollen counts. 
Sick leave is common among allergy sufferers, as are reduced productivity at work 
and school due to fatigue and exhaustion caused by both symptoms and the side 
effects of medication (55).  

The effects of pollen are generally exacerbated in combination with air pollution, 
as pollen attaches to particulate matter and penetrates deeper into the lungs. In 
people with pollen allergies, exposure to air pollutants such as PM2.5 and ozone 
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can worsen symptoms (56, 57). During the pollen season, thunderstorms and heavy 
rain can trigger the release of tiny particles from pollen grains and increase the risk 
of thunderstorm asthma (58–61). 

Risk groups 
Risk groups include individuals with pollen allergy, asthma, and other respiratory-
related allergic conditions. 

Likelihood 
Studies over the past thirty years have shown changes in the production, 
distribution and concentration of pollen and spores. Higher temperatures and 
changes in precipitation affect pollen and spore levels, and more long-range 
dispersal of pollen has been observed. Elevated carbon dioxide levels and warmer 
temperatures increase pollen production, particularly in urban environments, where 
plants also tend to flower earlier and produce more pollen (50, 62).  

A warmer climate may lead to the introduction and establishment of new pollen-
producing species. One example is common ragweed, which has not previously 
posed a major problem for allergy sufferers in Sweden as it blooms late and 
historically has not had time to seed and spread. Nowadays, it can spread 
northward in Europe, partly due to climate change (63–65). 

As the climate changes, the frequency of intense thunderstorms is expected to 
increase across Europe, leading to a greater risk of thunderstorm asthma (66). 
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Vulnerability and coping capacity 
The risk assessment identified the fact that society is partly vulnerable and has 
partial capacity to manage the health impacts of pollen allergies (see the section 
titled Methodology). 

 

Societal vulnerability to pollen allergies 

• The number of people with pollen allergies has increased in recent 
decades, partly due to climate change. Pollen counts are expected to 
increase significantly due to warming and higher carbon dioxide levels 
(62). 

• All age groups are susceptible to pollen allergies. 

• An increasing number of older people are suffering from pollen 
allergies. 

• Inequalities in allergy care, such as access to allergy treatment, 
certified health care centres and a shortage of specialised allergists all 
over the country, mean that treatments available are not used to their 
full potential (67). 

• At the national level, there is no clear responsibility for allergy care, 
including pollen. 

• Access to immunotherapy can be limited and may sometimes involve 
long waiting times. 

Societal capacity in the event of pollen allergies 

• Pollen levels are monitored all over Sweden. Daily pollen 
measurements are taken to identify and analyse pollen counts and plant 
species during the pollen season. 

• Pollen forecasts are available to the public.  

• In general, Sweden has an effective healthcare system for treating 
asthma.  
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Tick-borne diseases 

 
Good confidence in the assessment. 

Ticks are potent vectors for transmitting various zoonoses; that is to say, diseases 
that spread between animals and humans. The survival and geographical 
distribution of ticks are strongly influenced by changes in climate and ecological 
conditions. In Sweden, ticks are now surviving further north. Shorter and milder 
winters, early warm springs and long, humid growing seasons with temperatures 
favourable to ticks are expanding their range both northwards and to higher 
altitudes (68, 69). 

 

Impact on health 
A number of different diseases can be transmitted to humans through tick bites. 
The most common tick-borne diseases in Sweden are Lyme disease and TBE.  

Lyme disease is caused by bacteria and can result in a variety of symptoms, 
including skin redness, joint problems, and neurological symptoms such as 
meningitis, radiating pain, and facial paralysis. Heart involvement can occur, but is 
rare.  

Tick-borne encephalitis, TBE, is caused by a virus. Infected individuals may be 
asymptomatic or experience mild symptoms, but about one-third of those who fall 
ill develop serious symptoms such as encephalitis with high fever, headache, 
confusion, seizures and paralysis. Most people recover, but around one-third may 
experience long-term effects such as fatigue and memory problems (70).  
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Other less common tick-borne diseases in Sweden that can affect humans include 
anaplasmosis, babesiosis and rickettsiosis. 

Risk groups 
People who spend a lot of time outdoors are at risk of being bitten by ticks. 
Vulnerable groups for these diseases include older people, immunocompromised 
people, and people who are not vaccinated against TBE. 

Likelihood 
The number of cases of Lyme disease and TBE has increased in Sweden, in line 
with the expanding range and population density of our common tick, Ixodes 
ricinus (71). This is believed to be due to the growing presence of the tick’s host 
animals, and the fact that milder and shorter winters improve tick survival. 
Combined with a longer season, this increases opportunities for reproduction. As a 
result, the risk of contracting tick-borne diseases is rising in Sweden. 

Climate change in Northern Europe has created a geographical zone where new 
tick species can establish themselves and introduce new tick-borne pathogens (69). 
The taiga tick (Ixodes persulcatus), for example, which is capable of transmitting a 
more severe form of TBE (72), has been found in Sweden in recent tick collections, 
and its spread is increasing due to climate change (69, 73, 74).  

The serious viral disease Crimean-Congo haemorrhagic fever (CCHF) is primarily 
transmitted by a type of tick (Hyalomma spp.) that is not currently endemic in 
Sweden. However, these ticks are regularly found on migratory birds in Sweden 
and neighbouring countries. A hot summer could allow them to reproduce in 
Sweden within a relatively short time frame (75). In Europe and surrounding 
countries, only a few cases of CCHF are diagnosed annually (76). The risk of this 
disease becoming more widespread is currently highly uncertain, but is probably 
very low at present.  
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Vulnerability and coping capacity 
The risk assessment identified the fact that society is partly vulnerable and has high 
capacity to manage the health effects of tick-borne diseases (see the section titled 
Methodology). 

 

Societal vulnerability to tick-borne diseases 

• TBE has historically spread westwards in Sweden. There has also been 
some spread northwards, although cases north of the Dalälven river are 
still rare, with the exception of the municipality of Gävle. 

• The highest number of TBE cases ever reported in a single year was 
recorded in 2023. An upward trend in the number of cases has been 
observed, despite an increase in the number of vaccine doses sold. A 
decade ago, the incidence was less than half as high (70).  

• A large proportion of the population is unlikely to be immune to TBE. 

• There is a socioeconomic aspect to TBE vaccination, as it is not 
included in any national immunisation programme. This means that the 
cost must be covered by the individual in most regions. Maintaining full 
protection also requires repeated doses over time.  

• There is currently no vaccine for Lyme disease on the market, and 
having had the disease does not provide immunity against future 
infection. However, a vaccine is under clinical trial (77). 

• Recommendations on how to protect yourself from tick bites can be 
difficult to follow. 

• Both TBE and Lyme disease are now becoming established in new 
areas, where awareness within the healthcare system may be more 
limited when it comes to diagnosing tick-borne infections. 

• As Lyme disease is not a notifiable disease, it is difficult to observe 
patterns or track the spread of the disease. 
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Societal capacity in the event of tick-borne diseases 

• An increasing number of regions are introducing free or subsidised 
TBE vaccination, primarily for children. 

• More and more people are choosing to be vaccinated against TBE, as 
awareness of the disease is increasing through media coverage, 
advertising, and targeted information from healthcare providers and 
vaccine companies. 

• Information about these diseases is available, and there is generally a 
high level of awareness about tick-borne diseases in areas where the 
population is familiar with ticks. 

• The Public Health Agency of Sweden publishes maps highlighting 
municipalities with a higher incidence of TBE cases (78). 

• The Swedish Veterinary Agency (SVA) and universities have conducted 
various projects involving tick collection to monitor the distribution of 
tick species in Sweden and to identify both new species and tick-borne 
pathogens.  
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Air pollution 

 
Good confidence in the assessment. 

Climate change can influence the impact of air pollution on health in several ways. 
It can directly influence the levels of pollutants, and it can influence the effects of 
exposure to those pollutants. The presence of air pollutants from forest fires, for 
example, and the formation of ground-level ozone and particulate matter (PM2.5 
and PM10), for instance, are influenced by climate and weather, particularly 
temperature. 

 

Impact on health 
Air pollution appears to have an adverse impact on almost every organ in the body 
(79). Even low levels of air pollution cause significant health effects (80). Air 
pollution can cause both acute effects and chronic diseases, such as respiratory 
issues and asthma, lung cancer, cardiovascular disease, neurodegenerative diseases 
and diabetes, as well as impacting pregnancy outcomes and children’s lung 
function (79–81).  

In 2019, air pollution levels in Sweden are estimated to have resulted in more than 
6,700 premature deaths (82). Increased levels of particulate matter from forest fire 
smoke in the summer of 2018 led to an increase in acute lower respiratory tract 
problems in the affected regions (83). 

Ground-level ozone is primarily a problem in urban environments. One study 
shows that ground-level ozone causes 10 premature deaths per year on average in 
Stockholm (84). In another study that simultaneously included a number of 
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pollutants, ozone had a significantly greater effect on the risk of premature death in 
Stockholm (85). 

The adverse health effects of air pollution are amplified at high temperatures, 
particularly in the case of ozone and PM10 (86). The fact that the negative effect of 
pollution increases during heatwaves may be due to factors such as increased 
respiratory rate and that dehydration affects blood viscosity and coagulation. In 
Stockholm, for example, the heat effect on cardiovascular mortality was higher at 
elevated nitrogen dioxide levels (87). 

People with other respiratory diseases may be more sensitive to air pollution during 
the pollen season. 

Risk groups 
With short-term exposure (hours to days), older people, children and people with 
underlying diseases such as asthma and cardiovascular diseases have an increased 
sensitivity (88). When it comes to the effects of air pollution on the risk of 
developing diseases, socioeconomic conditions, lifestyle habits, access to 
healthcare, other exposure pathways (in the workplace, for example) and genetic 
factors may also contribute to increased vulnerability. Some effects may be 
particularly significant during specific life periods, such as during pregnancy or in 
early life. 

Likelihood  
Modelling indicates that climate change will not result in major changes to the air 
environment in northern Europe (89). Although trends and forecasts for Sweden 
generally show declining average levels of nitrogen dioxide and particulate matter 
(90) and ozone (91), heatwaves and forest fires in the future may still result in 
increased health problems on account of episodes involving high levels of 
particulate matter and ozone. 

In the most favourable climate scenario, SSP 1–2.6 with sharply reduced 
emissions, Sweden is expected to see a 90 per cent reduction in ozone-related 
mortality by the middle of the century, while the other scenarios instead show an 
increase of between 1 and 80 per cent (92).  
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Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability and 
partial capacity to manage the health impacts of air pollution (see the section titled 
Methodology). 

 

Societal vulnerability to air pollution  

• An ageing population or a growing group of socioeconomically 
disadvantaged people may lead to increased health risks even if 
exposure to air pollution remains the same (88, 93). 

• Levels of particulate matter and nitrogen dioxide are generally higher 
in the southern parts of Sweden, where population concentration and 
pollution emissions are greatest. Exposure can occasionally be high in 
northern Sweden as well, especially during cold seasons with frequent 
inversions, and in valleys where pollutants can become trapped (82). 

• A large and growing proportion of the population lives in medium-
sized and large cities, where environmental quality standards for air 
pollution are often exceeded (94). Levels of particulate matter and 
nitrogen dioxide from traffic are highest in cities or areas with high 
traffic intensity, while exposure to ground-level ozone can be higher in 
suburban and rural areas than in cities (82, 95). 

• The Swedish air quality index is based on a relatively small number of 
monitoring stations, most of which are located in central parts of large 
and medium-sized cities (96). The lack of monitoring stations can 
reduce the effectiveness of informing and warning the population about 
air quality and tracking exposure level trends. 

Societal capacity in the event of air pollution 

• In general, Sweden has an effective healthcare system for treating the 
health effects that air pollution can cause. 

• The Sweden Air Quality Index is available to the general public and 
provides valuable information on current air quality (96). 

• WHO has defined new air quality guidelines (80). Within the EU, work 
is in progress on revising the air quality directives as set out under the 
Green Deal and the Zero Pollution Action Plan, which will lead to stricter 
limit values for particulate matter and nitrogen dioxide, for instance, and 
define requirements for reduced exposure to air pollution (97).  



34 

 

Forest fires 

 
Good confidence in the assessment.  

Forest fires are a naturally occurring phenomenon in all forest environments, but 
most forest fires are caused by human activities. Climate change increases the risk 
of more frequent and extensive forest fires on account of high temperatures, 
thunderstorms and prolonged periods of dry weather without rain (98–100). 

 

Impact on health 
Forest fires impact health directly due to fire and smoke, such as accidents, deaths, 
acute respiratory distress, asthma and the like, as well as increasing numbers of 
cases of respiratory and cardiovascular diseases. They also cause less commonly 
studied outcomes such as emergency visits for headaches (101) and sick leave 
(102). Moreover, forest fires can have long-term effects on mental health due to 
loss of forests, property and changes in economic conditions (103, 104). See the 
section on air pollution for more information on the health effects of particulate 
matter and ozone. 

Forest fires result in high levels of particulate matter in the air, not only affecting 
the local population but also having an impact at regional, national and global 
level, as particulate matter can be dispersed over long distances. In the summer of 
2018, Sweden was hit by the most extensive forest fires in modern times. Forest 
owners were severely impacted by economic losses, and around a hundred people 
were evacuated from their homes. The emergency services and others involved in 
the firefighting effort were under severely strain, and one firefighter died (105). 
Large parts of the counties of Jämtland and Härjedalen were affected by high levels 
of smoke from the forest fires (106). The number of patients with acute asthma and 
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who sought medical care for lower respiratory diseases increased significantly in 
all of the counties’ municipalities. At the same time, warm and dry conditions 
contributed to high levels of ground-level ozone in Sweden (107). 

Risk groups 
Particulate matter from smoke poses a health risk to both local residents and people 
fighting the fires, and can also affect people further away. Emergency services 
personnel and landowners involved in firefighting operations are exposed to high 
levels of particulate matter during forest fires. Certain groups of people, such as 
children, pregnant women, older people, people with cardiovascular and lung 
diseases, and people with asthma and chronic obstructive pulmonary disease, are 
particularly sensitive to smoke particles (103). 

Likelihood 
Climate change is expected to increase the risk of forest fires (108). However, 
climate change and changes in forest management are expected to increase the 
proportion of deciduous trees in Swedish forests, which could potentially reduce 
the risk of forest fires (109). The occurrence of forest fires in other countries also 
contributes to an increase in overall exposure to particulate matter in Sweden.  

The risk of forest fires and vegetation fires varies by region in Sweden. Some parts 
of the country are more severely affected by drought than others, while differences 
in vegetation mean that fires behave in different ways. Up to the middle of this 
century, an increase in high-risk periods for forest fires is expected in southern 
Sweden and along the coast of Norrland. These high-risk periods will become 
longer and more frequent and extend over a longer season, while the level of fire 
risk will generally be higher (110). 

Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability and 
partial capacity to manage the health impacts of forest fires (see the section titled 
Methodology). 
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Societal vulnerability to forest fires  

• The forest landscape covers just over two-thirds of Sweden, which 
means that the country has large tracts of land that are vulnerable to 
forest fires (105). 

• The emergency services needed support from many other societal 
actors to deal with the forest fires and the disruption caused by the fires 
of 2014 and 2018. 

• Major fires occurred in sparsely populated municipalities in the 
summer of 2018. Depopulation, an ageing population, long distances 
and large areas of forest all pose increasing challenges (99). 

• The forestry sector’s field organisation is sparsely staffed, with few 
people involved, and the people responsible for work on the final 
extinction of fires have varying levels of expertise. Many are temporary 
or migrant workers, which can lead to language challenges (99). 

• A lack of knowledge about forest fire suppression in firefighter training 
and a lack of coordination of the extensive voluntary aid have been 
identified (99).  

• There is no comprehensive national fire database which includes 
mapping and information on forest fires for future risk assessment and 
planning (111). 

Societal capacity in the event of forest fires 

• Sweden’s fire service has good capacity for effective firefighting 
operations through efficient international cooperation and other 
initiatives. This was evident during the forest fires of 2014 and 2018, 
when few people and homes were harmed and no essential societal 
functions were destroyed (99).  

• The Swedish Civil Contingencies Agency (MSB) has reinforcement 
resources in the form of water-scooping aircraft and helicopters, as well 
as forest fire depots. 

• The NORDRED agreement and the EU Civil Protection Mechanism 
enable cooperation and exchange of equipment and personnel within 
the Nordic countries and the EU. 

• A number of proposals on how Sweden’s preparedness for forest fires 
can be strengthened have been submitted in a government inquiry 
(105). 

• The general public is able to keep track of the fire risk in forests and 
fields thanks to the fire risk forecast and the mobile application 
Brandrisk ute (112, 113).  
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Flooding 

 
Sufficient confidence in the assessment. 

Flooding is when water covers areas beyond the normal boundary of a lake, 
watercourse or sea. Flooding can also affect land areas that are not normally 
adjacent to water, but where water remains standing due to torrential rain (114). 
The risk of flooding is largely dependent on how watercourses are regulated, the 
preventive measures taken and the conditions of existing buildings and 
infrastructure and how these change (115).  

As the climate changes, flooding is expected to become more frequent due to 
higher sea levels, more precipitation and more torrential rain. However, the risk 
varies between different parts of the country (115). 

 

Impact on health 
Torrential rain can cause deaths and injuries due to vehicles getting trapped in the 
water or buildings collapsing, for example, or with secondary effects from 
mudflows and landslides (116). Flooding can also disrupt electricity supplies for 
production of drinking water (117). 

Following flooding, there is an increase in mental health problems (118, 119) and 
the risk of cardiovascular and respiratory mortality, which may be due to a 
combination of physical, psychological, and environmental impacts and poorer 
access to health services (120, 121). 

Wells may become contaminated by saltwater during periods of coastal flooding, 
as many wells are located close to the coast and at low altitudes (122). 
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The risk of infectious diseases may increase after a flood due to the spread of 
pathogens to drinking water and bathing water, for example. There is also a risk of 
exposure to chemicals due to leakage from contaminated land. Flooding can also 
result in the spread of disease when sewer systems are overloaded and wastewater 
flows into reservoirs from which waterworks draw their water, or when 
contaminated water spreads into flooded homes. 

Zoonotic diseases such as leptospirosis are spread through contact with infected 
rodents and rats or contaminated water. Flooding also increases the risk of post-
flood mosquito outbreaks, which can cause discomfort and psychological distress 
due to numerous bites, with a risk of secondary infections (see the risk of 
mosquito-borne diseases). 

The financial consequences have had the greatest impact (123) in the case of 
Sweden’s floods. Examples include the torrential rain that fell in the town of Gävle 
in 2021, where an estimated 4,000 to 5,000 permanent homes were affected by the 
subsequent flooding (124). Financial loss can have a long-term impact on people’s 
mental health. 

Risk groups 
People living near coastal areas and beaches, as well as people involved in rescue 
and clean-up operations, are particularly vulnerable to flood risks. Populations in 
urban areas are more vulnerable to torrential rain, as a high proportion of 
hardstanding increases runoff. 

Certain groups, such as children, older people, pregnant women and people with 
chronic diseases, may be particularly vulnerable to physical or mental health risks 
associated with flooding (125–127). 

Likelihood 
As climate change progresses, flooding is expected to increase in severity, duration 
and frequency (128), particularly during July, August and September. Flooding due 
to extreme water flows is expected to become more common in large parts of 
Götaland, southern Svealand and the north-westernmost part of Norrland, while the 
risk is expected to be lower in northern Svealand and the rest of Norrland. Local 
differences are significant, however (115). 

The risk of flooding along the coasts is influenced by factors such as sea level rise 
and land uplift. In the future, sea level rise is expected to be lower in the central 
and northern parts of Sweden where land uplift is greater, while southern Sweden 
is considered to be most vulnerable to sea level rise as land uplift there is very low 
(115, 129, 130).  

Coastal flooding can also be caused by temporary sea level rises due to storms, 
particularly in autumn and winter. 
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There are many indications that torrential rain will become more intense and more 
frequent in the future. The atmosphere can hold more water vapour in a warmer 
climate, creating the conditions for heavier precipitation, but as in today’s climate, 
there will also be a natural variation in the intensity of torrential rain (115). 

Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability and 
partial capacity to manage the health impacts of flooding (see the section titled 
Methodology). 

 

Societal vulnerability to flooding  

• Climate change poses risks for Sweden’s large lakes (Vänern, Vättern, 
Mälaren and Hjälmaren). One challenge for climate change adaptation 
around these lakes is that it is not clear who should take responsibility 
or bear the costs for climate change adaptation measures (131). 

• Seven per cent of Sweden’s population lives within 100 metres of 
water, and this group has a high proportion of older people (132), which 
increases vulnerability to flooding due to limited mobility and medical 
needs. 

• It is common for coastal and shoreline areas to be developed despite 
the risk of flooding, as these areas are attractive residential 
environments or interesting areas for development. 

• A drained landscape where a large proportion of wetlands have 
disappeared can lead to an increased risk of flooding and rapid 
progression of events during periods of heavy rainfall (133). 

• Runoff processes are rapid in developed areas due to the fact that 
they have a large proportion of impervious runoff surfaces (134). 
Further urbanisation is increasing vulnerability to flooding. Major 
preventive measures are needed so that cities are better able to cope 
with extreme precipitation. 
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Societal capacity in the event of flooding  

• MSB updates the review of flood risk every six years. This identifies 
areas at significant risk of flooding from both nearby watercourses and 
the coast, and torrential rain has also been included in the latest review 
(135). 

• Guidance is available from the Swedish National Board of Housing, 
Building and Planning to support county administrative boards in their 
supervision of municipalities’ detailed development plans regarding the 
risk of flooding (136, 137). 

• The focus of coastal municipalities on adapting to future sea level rises 
has increased significantly over the past decade. Adaptation to higher 
sea levels has been highlighted clearly in municipal planning (138). In 
2024, for instance, the municipality of Vellinge will begin extensive work 
to protect Falsterbonäset, the south-western part of the peninsula, from 
rising sea levels and storm surges (139).  
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Water-borne infections 

 
Good confidence in the assessment. 

Higher temperatures in the lakes and seas where people swim affect the occurrence 
of water-borne infectious diseases. This section focuses on pathogens spread via 
bathing water, but also on Legionella, which can grow in various water pipes and 
installations. Impact on drinking water is addressed in a separate section. 

 

Impact on health 
Pathogens that cause gastrointestinal infections, such as E. coli, norovirus and 
Cryptosporidium, can spread between people in bathing water. Private wastewater 
systems and overflow discharges can affect bathing water quality, but pathogens 
can also be introduced via runoff from agricultural land, for example, and from 
bathers themselves. More cases of gastrointestinal infections are expected with 
warmer surface waters as the occurrence of certain pathogens increases; but also 
due to changes in behaviour as people swim more, and for longer periods. 

Higher water temperatures in summer increase the growth of naturally occurring 
Vibrio bacteria. These bacteria thrive in nutrient-rich warm waters, and the risk of 
infection increases when surface water temperatures exceed 20 degrees. The 
bacteria are usually transmitted to humans when swimming outdoors. This may 
lead to an infection of the ear canal and middle ear, or to an intestinal infection if 
water is swallowed or if fish or shellfish containing the bacteria are eaten. The 
bacteria can also cause blood poisoning if it enters the bloodstream via open 
wounds (140). Severe illness may be fatal if the correct diagnosis is not made and 
treatment is not started in time (141). Warming of seawater is linked to the 
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occurrence of more Vibrio infections in Sweden, often in connection with 
heatwaves (142–144). More cases of Vibrio infections were observed during the 
hot summers of 2014 and 2018, for example (145). 

Cercarial dermatitis, also known as swimmer’s itch, is harmless but can be very 
distressing due to the itching caused by cercariae, a larval stage of a parasitic 
flatworm. The larvae normally infect sea birds, with aquatic snails as intermediate 
hosts, but they can accidentally penetrate the skin of humans bathing in freshwater 
or brackish water. The larvae die off by themselves within a few days, but they 
cause an itchy rash and sometimes a mild fever. The number of cercariae increases 
with higher water temperatures (146). 

Higher water temperatures in nutrient-rich waters also increase the risk of harmful 
algal blooms caused by cyanobacteria (146, 147). Cyanobacteria produce various 
toxins that can affect the liver, cause gastrointestinal symptoms or affect nerve 
impulses to the respiratory system. It is rare for adults to be poisoned. There is a 
risk of young children accidentally swallowing water and becoming ill. Skin 
irritation may occur after swimming in waters with heavy algal blooms, or among 
fishermen and other occupational groups exposed to lake water and seawater. The 
mechanisms behind harmful algal blooms are not fully understood, but climate 
change is believed to be one of the explanations on account of both higher water 
temperatures and greater runoff from agricultural land after torrential rain.  

Legionella is a bacterium occurring naturally in soil and water bodies that grows at 
favourable temperatures around 20–45 degrees. Legionella mainly causes problems 
when it grows in various water pipe systems and installations (148). Infection 
occurs when the bacteria are inhaled through aerosols generated during showering, 
for example. Infection with Legionella bacteria may cause severe pneumonia 
(Legionnaires’ disease) or a milder fever (Pontiac fever). Eight cases of Legionella 
were reported in northern Stockholm in August 2017, resulting in four deaths, as a 
result of infection from a cooling tower. There are usually between 100 and 200 
cases of Legionella infections in Sweden each year (149). 

Risk groups 
People who engage in activities or outdoor sports that involve contact with open 
water in summer are more likely to be exposed to water-borne pathogens. This also 
applies to consumers of shellfish and professional or recreational fishermen. Risk 
groups mainly include older people, immunocompromised individuals and people 
with underlying conditions such as diabetes and kidney disease. 
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Likelihood 
The risk of water-borne infections is expected to increase due to a combination of 
warmer water temperatures, more torrential rain and flooding, and more people 
living in coastal areas. These factors create the conditions for increased exposure to 
pathogens (150). 

In a warmer climate, the temperatures of water systems are affected, thereby 
increasing the risk of Legionella growth. 

Sea temperatures in the Baltic and North Seas are expected to continue rising in the 
future (151, 152), thereby promoting the growth of Vibrio bacteria. 

Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability and, at the 
same time, high capacity to manage the health impacts of water-borne infections 
(see the section titled Methodology). 

 

Societal vulnerability to water-borne infections  

• Increased risk of heavy precipitation also increases the risk of overflow 
discharges of wastewater, which poses a significant risk to drinking 
water sources (131). 

• Adaptation measures are challenging, as they primarily concern 
naturally occurring organisms that proliferate in warmer waters 

• Toxins from cyanobacteria may be present in the water even when 
there is no visible algal bloom. 

• Knowledge and awareness of Vibrio infections and algal blooms are 
not widespread, as cases have been rare in the past. This increases the 
risk that health and medical care services may overlook cases, and that 
the general public remains unaware of potential risks or how to prevent 
water-borne infections (150). 
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Societal capacity in the event of water-borne infections  

• The information on how to avoid Vibrio infections is relatively clear 
and easy to communicate. 

• The Swedish Agency for Marine and Water Management has 
regulations (HVMFS 2012:14) and general recommendations for 
municipalities regarding bathing water. 

• Local experience with algal blooms in some municipalities is a valuable 
resource for spreading knowledge and providing information.  

• The Bathing Water Directive (2006/7/EC) requires municipalities to 
monitor the microbiological quality of water and describe the bathing 
water profile for major bathing sites. Information is published on 
badplatsen.se to inform the general public about water quality, and 
possibly advise against bathing. 

• Legionella infections, Vibrio infections and other notifiable diseases are 
monitored. 

• The Drinking Water Directive includes Legionella. 

• The Swedish National Board of Housing, Building and Planning has 
general recommendations (section 6:626 of BFS 2011:6) stating that the 
developer must carry out a risk assessment for Legionella, particularly in 
nursing homes, hotels, swimming pools, hospitals and multi-dwelling 
buildings, as well as in water installations that spread aerosols. 

• The Public Health Agency of Sweden has produced an evidence review 
on Legionella in the environment which focuses on both preventive 
measures and how environmental investigations are conducted in order 
to identify and manage infection risks (153). 

• The Government has decided to introduce a notification requirement 
for cooling towers to prevent the risk of Legionella spread, which means 
that operators will be required to notify cooling towers to the municipal 
environmental and health protection supervisory authority (154). 
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Landslides 

 
Sufficient confidence in the assessment. 

Landslides are rapid mass movements in the soil or bedrock. In a changing climate, 
changes in precipitation and groundwater levels as well as erosion can make the 
ground less stable (155). Many communities, individual properties, roads and 
railways are sited on clay soil, which is particularly vulnerable to the risk of 
landslides and slope failures (156). Human activities can also lead to the collapse 
of slopes in infrastructure and built-up areas (157). 

 

Impact on health 
An increasing trend of fatal landslides has been observed in Europe, particularly in 
recent years. These are mainly caused by extreme natural events such as storms, 
heavy rain and flooding (158). Landslides can cause problems ranging from 
personal injury to disruption of electricity and water supplies. A major mudslide 
occurred in Norway in December 2020, causing ten deaths and affecting more than 
1,000 people. The cause of the landslide is believed to be linked to the fact that the 
residential area was built on a high-risk site (159), with rain during a wet autumn 
further contributing, but human activity may also have played a part in the 
landslide (160).  

Over time, Västra Götaland has been affected by a number of landslides that have 
had a serious impact on key societal functions and infrastructure. It may also lead 
to consequences in terms of reduced accessibility for emergency services and 
medical transport that is necessary for people to maintain good health (161). One 
example of this is the major landslide at the Stenungsundsmotet motorway 
interchange in September 2023, which destroyed the E6 motorway in both 
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directions and could cost billions of Swedish kronor to rebuild (162). Another area 
at risk of landslides, and which becomes more vulnerable in the event of torrential 
rain, is Åre, where a major mudflow occurred in 2023. This had a major impact on 
the community, resulting in water damage to buildings and closure of roads (163). 
The valley along the Göta älv river has historically been particularly prone to 
landslides (164) and is considered to have the most serious risk profile, with 
complex challenges regarding both coastal and river flooding and conditions for 
landslides (165). 

There is also a potential risk of exposure to chemicals or pathogens if industrial 
land and old landfills are exposed by landslides. Mental health problems are also 
common in the wake of major natural disasters. 

Risk groups 
People living in areas with unstable ground or working in areas previously affected 
by landslides are at higher risk. Communities located near the coast, particularly 
areas with terrain that is readily eroded by waves, flowing water or wind, may be 
vulnerable to erosion and landslides. People working in the emergency services and 
people living downstream of high-risk areas, where drinking water quality may be 
affected, are also potentially at risk. Everyone is vulnerable in the case of natural 
disasters, but young children, older people, people with disabilities and people with 
chronic illnesses who have limited mobility are particularly at risk (166). 

Likelihood 
Approximately one-quarter of the area of Sweden, consisting mainly of clay and 
silt soils, is deemed to be prone to landslides (156).  

At present, landslide risks are increasing due to population growth and expansion 
into areas prone to landslides. Moreover, an increase in landslides linked to more 
intense precipitation is expected as a result of climate change (157). In a high 
emissions scenario, the number of landslides and slope failures per year in Sweden 
is expected to increase sixfold from current levels by 2100 (155). Total damage 
costs at national level are expected to increase tenfold, from around SEK 50 
million per year at present to about SEK 500 million per year by 2100 as a result of 
a changing climate (157).  

Future increases in risks of landslides are expected to be concentrated in areas 
where the risk is already high at present. This applies to the Vänern landscapes, the 
Göta älv river valley, eastern Svealand and almost the entire coast of Norrland. 
Local conditions determine where the risks will be greatest. The risk of mudflows 
is also increasing, particularly in mountainous areas and in hilly terrain with 
moraine soils (167). As precipitation can pose a risk to ground stability, the 
summer months and early autumn are also periods with a higher risk of landslides.  
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Vulnerability and coping capacity 
The risk assessment identified the fact that society is partly vulnerable and has high 
capacity to manage the health effects of landslides. See the section titled 
Methodology. 

 

Societal vulnerability to landslides 

• Both landslides and slope failures can occur more or less without 
warning. There is currently no known way to measure or record ground 
signals that can predict landslides and slope failures in the Swedish 
geological environment with any degree of foresight (167). 

• Landslides occur each year in Sweden, but they often go unnoticed as 
injuries are rare (168). There is inadequate documentation on the 
number of landslides and possible injuries, and the extent of the risks to 
Swedish society and health has not been studied in detail. 

Societal capacity in the event of landslides 

• Eight government agencies have jointly produced a guide to various 
map data on landslides, slope failures and erosion. The data are 
displayed in a web-based map viewing service and are described in the 
guidance and accompanying product sheets (169, 170). 

• SGI is compiling information on landslides, slope failures, and erosion 
in a database (171). At the same time, SMHI is keeping statistics on 
warnings issued when weather developments are expected to pose risks 
to the general public or disrupt public services.  

• SGI and MSB have identified proposals for measures to increase 
coping capacity, which includes the development of legal instruments, 
economic instruments and knowledge bases in order to create guidance. 
Additionally, competence-enhancing initiatives are proposed to improve 
the ability to assess climate-related risks and implement sustainable 
measures (165).  
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Food-borne infections 

 
Sufficient confidence in the assessment. 

Food-borne infections are usually categorised into two different groups: infection 
and poisoning. Infection occurs when food contains microorganisms that manage 
to pass through the stomach and attach themselves to the intestinal wall. Some 
pathogenic microorganisms may also penetrate and damage the lining of the gut, or 
spread throughout the body. Poisoning occurs when food is contaminated, 
primarily by bacteria that produce toxins in the food as they grow. Higher 
temperatures can increase bacterial growth. High humidity also increases the 
growth of mould fungi. 

 

Impact on health 
A number of studies have shown a link between higher air temperatures and more 
Salmonella infections (172).  

Climate change may increase the risk of food-borne infections through increased 
risk of contaminated irrigation water, for both food produced in Sweden and 
imported food. Surface water is often used for irrigation, and fruit and vegetables 
may be contaminated if pathogens are present in the water. Outbreaks of food-
borne infections caused by E. coli, Salmonella and Listeria, for example, have been 
reported in many countries in connection with the use of contaminated water for 
irrigation and washing of fruit and vegetables (173).  

Extreme weather events such as torrential rain, flooding and droughts can increase 
the risk of crop contamination, as various harmful substances can be spread or 
carried during such events. 
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Risk groups 
In general, everyone who consumes food is potentially exposed to the risk of food-
borne contamination. The particularly vulnerable groups are mainly made up of 
immunocompromised people, children, older people and pregnant women. 

Likelihood 
In general, both gastrointestinal infections and food poisoning cases caused by 
toxins are expected to increase in connection with climate change. Contamination 
via irrigation water may increase due to increased precipitation and increased soil 
runoff, as pathogens from both domestic and wild animals may enter watercourses 
and subsequently be used for irrigation (174). Wastewater may also pollute surface 
water during torrential rainfall and potentially lead to crop contamination. 

In summer, the risk of gastric flu increases due to pathogens in food. Although not 
all causes are established, a larger proportion of gastrointestinal infections occur 
during the summer months (175). Besides the fact that several pathogens thrive in 
warmer conditions, illness could result from improper food handling in hot 
weather. For instance, more people are having picnics and barbecues, and in such 
cases food handling – both refrigeration and hygiene – may be poorer. The longer 
and warmer summers that are expected may therefore result in more cases of 
illness than at present.  

One study indicates a potential link between more Campylobacter infections in the 
Nordic countries and climate change (176). The study estimates that the number of 
Campylobacter cases could double by 2080. 

Vulnerability and coping capacity 
The risk assessment identified the fact that society is partly vulnerable and has high 
capacity to manage the health effects of food-borne infections (see the section titled 
Methodology). 
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Societal vulnerability to food-borne infections   

• Higher incidence of food-borne infections during the summer months. 

• Awareness of how food should be handled and stored is generally 
high, but advice and recommendations are not always followed. 

• There is a great deal of dependency on multiple and lengthy cold 
chains within the food supply system, and a broken cold chain may lead 
to bacterial growth. 

Societal capacity in the event of food-borne infections  

• Information on food-related risks is available from the relevant 
government agencies, and is distributed through relevant channels in 
the run-up to summer. 

• The municipalities and the Swedish National Food Agency are 
responsible for preventive work in the form of supervision and control of 
food-borne infections, while the healthcare services treat people who 
fall ill. The Public Health Agency of Sweden often coordinates 
investigations in cases of illness involving multiple regions in Sweden. 

• As an EU Member State, Sweden has access to RASFF, the EU’s Rapid 
Alert System for Food and Feed, as well as the EWRS and EpiPulse alert 
systems for outbreaks of communicable diseases or other health threats 
in European Member States. 

• The inter-agency Zoonosis Collaboration Group (ZSG) is convened in 
the event of a zoonosis outbreak where there is a need for specific 
action, coordinated information, a common situational analysis or 
consultation between government agencies that form part of the group. 
The ZSG is made up of managers, experts and PR officers from the 
Swedish Work Environment Authority, the Public Health Agency of 
Sweden, the Swedish Board of Agriculture, the Swedish National Food 
Agency and the Swedish Veterinary Agency. 

• The inter-agency working group for Campylobacter was relaunched in 
2023. This group was initially set up after the 2016–2017 outbreaks to 
discuss aspects such as signals of an increase in cases and improved 
communication between government agencies. 

• A comprehensive investigation of Salmonella infection in Swedish egg 
production was carried out in 2023, which strengthened Sweden’s 
capacity to manage food-borne infections through international 
collaboration and dialogue with the European Food Safety Authority 
(EFSA) and the European Commission. 

  



51 

 

Drought 

 
Uncertainty in the assessment. 

Drought is when there is a shortage of water in nature, and for human activities. 
Drought may involve low precipitation, low soil moisture, low water flows, low 
water levels in lakes and low groundwater levels (177). The hydrological cycle is 
affected as a result of rising temperatures, which alters precipitation patterns and 
thereby creates a risk of drought. 

 

Impact on health 
Drought can lead to poorer drinking water quality with more gastrointestinal 
infections due to increased concentrations of contaminants in reservoirs, reduced 
water availability and use of alternative drinking water sources. Infections may also 
increase due to limited access to water for hygiene purposes, although this is rare in 
Sweden. As drought often occurs in conjunction with heatwaves, there is an 
increased risk of dehydration in humans when water is scarce, which can be a 
serious health condition. 

Surrounding watercourses are at risk of acidification if the water table drops in 
areas with acid sulphate soils. The drying of acid sulphate soils leads to the 
leaching of metals, which can contaminate watercourses, wells and crops and lead 
to increased human exposure (178). 

Drought affects conditions for drinking water supply due to water shortages and 
saltwater intrusion, which renders drinking water unfit for consumption. This may 
pose a potential threat to essential societal functions in areas such as health and 
medical care, care and social care and emergency services, but it may also pose a 
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threat to certain industrial production (179). Moreover, drought can also lead to 
increased stress and mental health problems.  

Drought increases the risk of forest fires. Dry conditions may also lead to a decline 
in air quality due to the release of more particulate matter and dust, which can 
cause more respiratory symptoms. 

Risk groups 
Agricultural and forestry workers and people living in areas where there is a risk of 
limited access to drinking water are groups at risk of drought. 

Likelihood 
The incidence of drought is generally expected to decrease (180, 181), as is its 
frequency, severity and duration (181, 182). This is due to generally wetter 
conditions, with an increase in annual precipitation of around 10 to 20 per cent 
expected in Sweden.  

Southern Sweden will be at greater risk of drought than northern Sweden. 
According to calculations by the Geological Survey of Sweden (SGU), 
groundwater levels are rising in most of Sweden, except in the south-eastern parts 
of the country, where levels are expected to fall. This may lead to water shortages, 
mainly in agricultural areas, especially on Öland, Gotland, Västgötaslätten and 
coastal areas in Skåne (183–185). 

At the same time, seasonal differences in groundwater levels have increased in 
northern Sweden (186), which is expected to lead to an increased risk of drought 
there in spring. 

Vulnerability and coping capacity 
The risk assessment identified the fact that society has very low vulnerability and 
partial capacity to manage the health impacts of drought (see the section titled 
Methodology). 
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Societal vulnerability to drought  

• Water shortages may become a significant societal issue in the future, 
affecting many societal functions, and may impact the availability of 
water for households, industries and agriculture, and also for 
firefighting. 

• In the southern parts of the country, there are small water sources 
that can be rapidly impacted by drought. Around 1.2 million citizens 
currently have no access to municipal water; and in summer, this figure 
rises to 2.5 million. 

• Drought affects agricultural production and leads to losses for farmers, 
as well as increasing the risk of food shortages. It can also impact food 
prices and availability. Extreme drought, such as in 2018 when harvests 
fell by 50–70 per cent, has long-term consequences (185). 

• The dry summer of 2018 had a major impact on Swedish forests, with 
managed secondary forests being affected the most (187). Such 
extreme drought may continue to affect forest regeneration for a 
number of years (188). 

Societal capacity in the event of drought 

• To assist county administrative boards and municipalities, SMHI has 
been working in collaboration with SGU to expand the regular warning 
system to include the Risk för vattenbrist (risk of water shortage) 
service (189), which was launched in 2017. 

• The Swedish National Food Agency has formed a national water 
emergency group, VAKA, to assist municipalities in the event of acute 
water shortages (190). VAKA is made up of representatives from 
drinking water producers, environmental agencies, emergency services 
and analytical experts. 

• There is a national coordination group for drinking water led by the 
Swedish National Food Agency, which is able to coordinate information 
exchange between relevant government agencies and organisations in 
the event of water shortages (191). 

• In 2022 and 2023, fewer irrigation bans were reported in Sweden’s 
municipalities compared to the previous period from 2019 to 2021, 
which improves future coping capacity through continued investment in 
efficient delivery measures and sustainable water use (192). 

• The Southern Baltic Sea River Basin District has a specific sub-
programme of measures against drought and water shortages where 
identified actions are described that should be implemented on a local, 
regional and national level to prevent or reduce the risk of water 
shortages (193).  
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Impact on drinking water 

 
Sufficient confidence in the assessment. 

Changing precipitation patterns, increased frequency of extreme weather events 
and rising sea levels affect drinking water quality through aspects such as saltwater 
intrusion, wastewater overflow discharges and the release of contaminants from the 
soil, including pathogens. Higher water temperatures can promote the growth of 
microorganisms and algae (cyanobacteria) in water bodies and affect the treatment 
process and drinking water production.  

Water shortages during periods of drought can impair groundwater quality and lead 
to the use of lower-quality water sources. Moreover, flooding and ground 
movements such as landslides and slope failures can disrupt water supply networks 
and affect water supplies. Changing frost patterns can damage infrastructure such 
as water and sewer systems, which may impact water quality and health in the long 
run. 

 

Impact on health 
Common gastrointestinal infections via water are caused by norovirus, 
Campylobacter, EHEC, Shigella and Salmonella (194). Parasites such as Giardia 
and Cryptosporidium can also be spread via drinking water. Cryptosporidium is 
highly resistant to chlorine and caused the two largest drinking water-borne 
outbreaks in Sweden in 2010 and 2011. Around 27,000 people in Östersund are 
estimated to have been infected with the parasite, and around 20,000 in Skellefteå. 
Residents were then required to boil their tap water for three and six months, 
respectively. Other substances that may be present in drinking water and affect 
health include naturally occurring substances and anthropogenic chemicals, 
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including pesticides and insecticides, some of which have endocrine-disrupting, 
neurotoxic and carcinogenic properties. Saltwater intrusion can also render 
drinking water unfit for consumption (195). 

Few water-borne outbreaks have been reported in recent years, which may be 
partly due to increased precautionary measures such as the imposition of boil water 
advisories in the event of anomalies or suspected contamination. Moreover, 
treatment has been improved by introducing more disinfection steps at waterworks, 
such as UV light that kills parasites. PFAS contamination has led to the 
introduction of additional treatment steps in areas where water sources have been 
contaminated, which may also reduce the presence of other contaminants. Despite 
flooding in several parts of the country in the summer of 2023, no increase was 
observed in reports of cases of infectious diseases linked to drinking water. 
However, reports of cases of gastroenteritis and norovirus were reported in 
Dalarna, probably caused by flooded private wells (196). 

Risk groups 
Vulnerable groups include older people, immunocompromised people and children. 
For anyone with a weakened immune system, the symptoms of infection may be 
both severe and prolonged. Children, particularly infants, are more sensitive to high 
levels of several chemicals in drinking water. 

Likelihood 
Heat and extreme torrential rainfall are factors that increase the risk of water-borne 
disease (197). Norovirus, which causes winter vomiting disease, has caused 
outbreaks via both private wells and municipal drinking water supplies and, 
overall, is the pathogen responsible for the most water-borne outbreaks in Sweden 
over the last two decades (194). 

The average occurrence and concentration of Cryptosporidium and Giardia in 
surface water samples is higher during or immediately after extreme weather 
events (198). The presence of Cryptosporidium has been linked to specific weather 
phenomena such as torrential rain (199, 200). The parasite is expected to cause 
increasing problems, with more cases of disease in the future (201, 202). 

The expected increase in precipitation and extreme weather events due to climate 
change will result in further deterioration of water quality: this has been recognised 
as a challenge for drinking water producers (203). 
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Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability but, at the 
same time, high capacity to manage the health impacts of impact on drinking water 
(see the section titled Methodology). 

 

Societal vulnerability to impact on drinking water  

• Increased risk of heavy precipitation and high water levels can affect 
drinking water quality through overflow discharges and the transport of 
undesirable substances from the soil to water sources with the water 
(131). 

• Individual municipalities may find it challenging to manage heavy 
precipitation, and it may be so extreme that the infrastructure is unable 
to maintain the production and quality of drinking water. Sewer 
systems, for example, may be overloaded during torrential rain and 
affect raw water. 

• Around 10 per cent of households use a private water supply (204); 
and of these, just over half are permanent residences (205). Private 
wells generally have significantly less protection than municipal water, 
which means that water quality is more vulnerable to extreme situations 
such as drought and flooding (206). 
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Societal capacity in the event of impact on drinking water 

• Sweden has a generally high level of resources, technical capabilities 
and knowledge when it comes to maintaining and monitoring drinking 
water quality. 

• Awareness of the impact of droughts on groundwater availability and 
the potential for localised water shortages has increased at all levels of 
society. Society’s understanding of the need for climate change 
adaptation planning is also increasing steadily (206). 

• The new Drinking Water Directive, which has been partially 
implemented in Sweden through the Swedish National Food Agency’s 
regulations (207), may raise awareness of the importance of access to 
and quality of drinking water. 

• The Swedish National Food Agency’s Handbok för klimatanpassad 
försörjning av dricksvatten (Handbook for climate-adapted drinking 
water supply) (208) and the related conferences held by the agency 
with most county administrative boards in Sweden, pave the way for 
municipalities to adapt to the changes that need to be made. 

• Small municipalities sometimes face challenges due to limited 
resources, and both political and financial support is often needed to 
meet these challenges. The earlier inquiry En tryggad 
dricksvattenförsörjning (A secured drinking water supply) (SOU 
2016:32) emphasised the importance of municipalities working together 
to effectively manage upcoming challenges in respect of drinking water. 

• The national coordination group for drinking water brings together a 
number of key government agencies (191). Climate impact and climate 
change adaptation have been a priority for the working group for 
drinking water quality. 

• Recommendations and tools from the Swedish National Food Agency 
relating to algal blooms are available to municipal drinking water 
producers (209). 

• In the event of crises that affect drinking water, assistance for 
municipalities is available from the national water emergency group, 
VAKA, which is coordinated by the Swedish National Food Agency (190). 
VAKA is made up of representatives from drinking water producers, 
environmental agencies, emergency services and analytical experts. 

• To manage chemical risks in drinking water, SamTox serves as a 
forum for identifying and addressing new potential chemical threats 
(210). 

• The Swedish National Food Agency provides guidance and 
recommendations for people who have their own wells or other small 
drinking water facilities. In the case of major events in the surrounding 
environment, such as flooding or forest fires, the Swedish National Food 
Agency also provides information about the need for additional water 
samples and recommends being prepared to deal with water shortages, 
especially during droughts or power cuts (211).  
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Warmer winters 

 
Uncertainty in the assessment. 

In recent decades, winters in Sweden have become more than 2 degrees warmer 
(212). Shorter, warmer winters may have a significant impact on the landscape, 
ecosystem and infrastructure, which are primarily adapted to a colder climate. 
These changes are expected to affect health in the northern parts of Sweden in 
particular. 

 

Impact on health 
A shorter period of snow during the winter months can represent such a change to 
people’s local environment that it adversely affects mental health (213, 214). In 
particular, climate change is affecting winters in northern Sweden, and disruption 
of traditional ways of life and connection to the environment may contribute to 
stress and mental health problems, particularly among the Sámi population and 
people whose livelihoods are reliant on a cold winter climate (215–217). In an 
interview study among Swedish reindeer herding Sámi, climate change was 
described as a potential ultimate threat to the survival of their livelihood and 
culture. They shared their concern for the future, expressing their fear of being the 
last generation able to continue herding reindeer (218). 

With warmer winters and thinner ice on lakes and watercourses, the risk of 
drowning may increase among both recreational and professional users (219, 220). 
Changes in road conditions may impact road accidents. More zero-degree crossings 
in winter increase the risk of slipping. Reduced ground frost in combination with 
increased precipitation may also make trees less stable during winter storms, 
thereby increasing the risk of fallen trees and disruption to societal functions (221). 
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Warmer winters also have a significant impact on the permafrost and glaciers of 
the Arctic environment. In Sweden, permafrost still occurs in marshlands in 
northern Lapland. Thawing permafrost can lead to deterioration in the quality and 
quantity of drinking water and increases the risk of water-borne diseases (222). 
Another health effect linked to the thawing of permafrost is its impact on 
infrastructure, which may pose safety risks (223). 

In the latest National Environmental Health Survey in 2023, 30 per cent of the 
population said they are always or often concerned about climate change. Women 
with a university education are the most concerned (46 per cent), while men with a 
basic education are the least concerned (17 per cent) 

Risk groups  
The most vulnerable are the Sámi population and the rest of the population in 
northern Sweden.  

Likelihood 
The number of zero-degree crossings in winter is expected to increase in central 
and northern Sweden (224). Since 1990, Sweden as a whole has seen a decrease in 
the number of days with snow cover, and this trend is expected to continue (225). 
Although the total amount of snow is declining, extreme weather events with heavy 
snowfall and significant snow depth are expected to become more frequent in the 
future. 

Permafrost has decreased by 60 per cent in Sweden, Norway and Finland in recent 
decades (226), which may have a significant impact on ecosystems and potentially 
lead to changes in disease patterns.  
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Vulnerability and coping capacity 
The risk assessment identified the fact that society is partly vulnerable and has 
partial capacity to manage the health impacts of warmer winters (see the section 
titled Methodology). 

 

Societal vulnerability to warmer winters 

• In particular, warmer winters will affect the health and living 
conditions of people whose livelihoods are dependent on cold winters, 
such as reindeer herding and mountain tourism. 

• At present, not enough is known about the complex interactions 
between the warming Arctic environment and potential risks in other 
parts of Sweden. 

• Funding for environmental monitoring is expected to decrease 
significantly in 2024–2026 (227), which will affect opportunities for 
systematic and long-term monitoring of any changes in ecological 
conditions in the Arctic.  

Societal capacity in the event of warmer winters 

• The Sámi Parliament has developed an action plan for climate change 
adaptation on the basis of the goal of working to preserve biodiversity 
and reduce vulnerability by increasing flexibility in Sámi use of land and 
water (228).   
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Rodent-borne diseases 

 
Sufficient confidence in the assessment. 

A changing climate may create conditions for larger rodent populations, and so 
there is a risk of increased transmission of disease between rodents and humans, 
primarily due to altered contact pathways. 

 

Impact on health 
Puumala hantavirus infection (Nephropathia epidemica) is a viral disease spread by 
the bank vole. It is most commonly spread by inhalation of dust contaminated with 
vole urine and faeces, or by direct contact with vole saliva, urine or faeces. 

Tularaemia is caused by a bacterium found in various rodent species and can be 
transmitted to humans via mosquito bites. Patients with tularaemia become acutely 
ill, with high fever, headache and nausea (229). In the last decade, a few hundred 
cases of tularaemia have been reported each year in Sweden. Three major 
outbreaks of tularaemia occurred in Sweden in 2015, 2019 and 2023 (230). 

Leptospirosis is caused by bacteria that are common in many mammalian species. 
The infection is usually either asymptomatic or causes flu-like symptoms, but the 
bacteria can also cause sepsis and complications such as liver and kidney damage, 
encephalitis or meningitis. The infection is mainly spread via the urine of infected 
animals, typically through direct contact or via water or moist soil contaminated 
with urine. The bacteria can enter through small wounds or scratches on the skin, 
but also through mucous membranes in the mouth and eyes, for instance.  
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Risk groups 
Groups at increased risk of exposure are primarily people working with wastewater 
treatment, waste management, agriculture, forestry, and outdoor recreation. 

Likelihood 
There is no clear information on how rodent populations will be affected by 
climate change, as this is dependent on a number of interacting factors.  

Most cases of Puumala hantavirus infection have been reported in the north of 
Sweden, but it also occurs in the south of the country (231). To date, Puumala 
hantavirus has mainly been transmitted during cleaning of holiday homes. Most 
cases are reported in winter and spring, and the risk increases when there are more 
rainy winter days. This is because the rain forms ice on the ground that blocks vole 
access to the space under the snow cover, where it usually seeks shelter in winter. 
Rodents are therefore more likely to seek shelter indoors, which can increase the 
risk of human infection (232). 

Most cases of tularaemia have occurred during the summer and are associated with 
higher temperatures and longer outbreak periods (233). Regions with a high 
number of current tularaemia cases are expected to be affected differently by a 
changing climate. Cases are expected to increase in Jämtland, Dalarna, Norrbotten, 
Värmland and northern Gävleborg, while cases are expected to decrease in Örebro 
and southern Gävleborg (234).  

Domestic Leptospira infection is very rare in Sweden. The risk of Leptospira 
infection is mainly associated with flooding, activities near watercourses and 
contact with animals. More flooding may contribute to an increased risk of 
infection. 
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Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability and 
partial capacity to manage the health impacts of rodent-borne diseases (see the 
section titled Methodology). 

 

Societal vulnerability to rodent-borne diseases  

• There are areas with large rodent populations in Sweden, and there is 
also a growing rodent population, mainly rats, in urban areas. 

• Awareness of the prevalence of these diseases tends to decline if no 
cases have been seen in healthcare settings for a long time. 

• Awareness of rodent-borne diseases is limited, including knowledge of 
appropriate preventive measures such as cleaning basements following 
a flood. 

• There is no vaccination available for tularaemia. 

• Investigations of tularaemia often rely on spontaneously reported 
cases or events, and so some cases may go unnoticed or unreported, 
making it difficult to get a complete profile of the spread of the disease. 

Societal capacity in the event of rodent-borne diseases 

• Awareness of rodent-borne diseases among healthcare workers is high 
in areas in which they are endemic. 

• Clinical management is good once cases have been diagnosed.  
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Mosquito-borne diseases 

 
Sufficient confidence in the assessment. 

There are around fifty mosquito species in Sweden, and they occur all over the 
country. Changes in temperature, precipitation patterns such as torrential rain and 
drought, and human activities can affect the existing mosquito population and 
facilitate the emergence of new, potentially disease-transmitting mosquito species. 
Increased precipitation, torrential rain and flooding also increase the risk of post-
flood mosquitoes. 

 

Impact on health 
Mosquito-borne diseases are caused by bacteria, viruses or parasites transmitted by 
biting mosquitoes, which act as vectors and can spread disease between humans, or 
from animals to humans. In Sweden, mosquito-borne diseases are rare, but disease-
carrying mosquitoes do exist and both vectors and pathogens may be introduced 
and increase as the climate changes. 

One of the diseases associated with biting mosquitoes is tularaemia. This is caused 
by a bacterium found in various rodents that can be transmitted from them to 
humans via mosquito bites and other means. Patients with tularaemia become 
acutely ill, with high fever, headache and nausea (229). In the last decade, a few 
hundred cases of tularaemia have been reported each year in Sweden. Three major 
outbreaks of tularaemia occurred in Sweden in 2015, 2019 and 2023 (230), and a 
large proportion of cases were believed to have been transmitted by mosquitoes. 

Another mosquito-borne disease that occurs in some parts of Sweden is Pogosta 
disease. This is caused by a virus usually found in birds. Many infected individuals 
are asymptomatic, while others may experience joint pain and fever. 
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Post-flood mosquitoes are a group of biting mosquitoes that lay their eggs in areas 
that are regularly affected by flooding (235). When the water level rises during the 
warm part of the year, the eggs hatch and result in large numbers of biting 
mosquitoes, which can cause severe discomfort, psychological distress, and 
numerous bites with a risk of secondary infections (236). 

Risk groups  
Risk groups primarily include people who spend a lot of time outdoors in areas 
populated by many mosquitoes, such as farmers, foresters, hunters, and people 
indulging in outdoor pursuits. People who live or work near watercourses or water 
sources may also be more vulnerable to mosquito-borne diseases. Children are 
normally more vulnerable to mosquito bites than adults. Immunocompromised 
people are particularly susceptible to infections. People who are sensitive or 
allergic to mosquito bites are at risk during post-flood mosquito outbreaks. 

Likelihood 
Most cases of tularaemia have occurred during the summer and are associated with 
higher temperatures and longer outbreak periods (233). Regions with a high 
number of current tularaemia cases are expected to be affected differently by a 
changing climate. Cases are expected to increase in Jämtland, Dalarna, Norrbotten, 
Värmland and northern Gävleborg, while cases are expected to decrease in Örebro 
and southern Gävleborg (234).  

The likelihood of post-flood mosquito outbreaks is high, as flood events are 
expected to increase (see the risk of flooding). Post-flood mosquito outbreaks 
already occur almost every year. At present, control measures are limited to the 
lower Dalälven river area and the Klarälven river in the municipality of Forshaga. 
However, these mosquitoes are widespread throughout the country, as 
demonstrated by the major mosquito outbreak in August–September 2023, when 
large parts of Sweden were affected by post-flood mosquitoes (237). 

Another mosquito-borne disease that has spread northwards in the last decade is 
West Nile fever, which is caused by the West Nile virus (WNV) (238). WNV is 
currently endemic in Germany (239). Although no confirmed cases of WNV have 
been reported in Sweden as yet, it is likely that the virus may be introduced into the 
country via infected migratory birds, which could increase the risk of cases in 
humans. Usutu virus, which in many ways is similar to WNV but much rarer, has 
also spread northwards in Europe (240). 

There are other mosquito-borne diseases that are unlikely to occur in the next few 
years, but the health risk is expected to increase as the climate becomes more 
favourable for both pathogens and vectors. Examples of such diseases include 
dengue fever, Zika fever, chikungunya and leishmaniasis. The first three are spread 
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in Europe by the Asian tiger mosquito, which thrives in densely populated areas 
(241). It is already established in Europe and is continuing to spread (242, 243). 

Vulnerability and coping capacity 
The risk assessment identified the fact that society has high vulnerability but, at the 
same time, high capacity to manage the health impacts of mosquito-borne diseases 
(see the section titled Methodology). 

 

Societal vulnerability to mosquito-borne diseases  

• Full-cover clothing, mosquito repellent, and mosquito nets are required 
to protect against mosquito bites. In practice, it is generally difficult to 
ensure complete protection against mosquitoes. 

• Public awareness of mosquito-borne diseases in Sweden is low. 

• Immunity is low for most mosquito-borne diseases. 

• Knowledge of mosquito-borne diseases within the healthcare sector is 
low, mainly because Sweden has not experienced any widespread 
occurrence of mosquito-borne diseases. 

• No vaccine is available for tularaemia. 

• Investigations of tularaemia often rely on spontaneously reported 
cases or events, and so some cases may go unnoticed or unreported, 
making it difficult to get a complete profile of the spread of the disease. 

• As Pogosta disease is not a notifiable disease, it is difficult to observe 
patterns or track the spread of the disease. 

• Mosquito surveillance is relatively limited, and there is no systematic 
monitoring. 

• Culex modestus, the mosquito that can spread WNV if it is carrying the 
virus, is present in Sweden and appears to be spreading geographically 
(244). 
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Societal capacity in the event of mosquito-borne diseases 

• Testing and care for suspected imported cases of mosquito-borne 
diseases are good. 

• Mosquito control is currently carried out in the lower Dalälven river 
area, where licences to control mosquito larvae have been issued in 
order to reduce the number of biting mosquitoes. However, this is based 
not on the potential spread of disease, but on more general nuisance for 
residents in areas with many biting mosquitoes (245). 

• Several mosquito-borne diseases (including WNV) are notifiable, and 
monitoring of diagnosed cases is good. 

• SVA monitors diseases in wild animals in Sweden, and has monitored 
the occurrence of WNV and Usutu virus as part of short-term research 
projects (240). 

• SVA has conducted projects to create tools that can provide cost-
effective mosquito monitoring and has run a number of mosquito 
initiatives where members of the general public have been asked to help 
catch and send in mosquitoes (246).  

• SVA is also conducting projects that aim to investigate the 
establishment of invasive mosquito species in Sweden, which provides 
an opportunity to increase preparedness for potential new pathogens 
(247). 
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Discussion 

Climate change is already affecting health 
Protecting and promoting the health of current and future generations is one of the 
strongest arguments in favour of action to prevent climate change and promote 
climate change adaptation and sustainable development (248). Sweden’s 
population is already being affected by the health effects of climate change, with 
heatwaves becoming more frequent, pollen allergies increasing, and TBE occurring 
in a growing geographical area. Stronger measures are needed in the healthcare 
sector – but also in other sectors that affect health, such as water, food, agriculture, 
energy and transport – to both prevent and manage negative health outcomes of 
climate change. 

All health risks need to be considered in the long term 
This risk and vulnerability analysis describes 14 risks, all of which involve 
potential impact on health in Sweden linked to a changing climate up to 2050. The 
analysis provides a current snapshot that needs to be updated as new knowledge is 
developed, climate change adaptation measures are implemented and our climate 
changes. This is particularly applicable to the impact of climate change on the 
health of vulnerable groups in the population.  

The assessment of risk level and the likelihood of impact on health in the near 
future supports the prioritisation of relevant climate change adaptation measures, 
but all 14 health risks must be taken into account in long-term climate change 
adaptation in order to prevent ill health and address increasing health inequality.  

Combined effects of climate change need to be addressed  
Society must build capacity and resilience so that multiple climate-related risks can 
be addressed simultaneously. Climate change affects the entire ecosystem and 
often leads to simultaneous multiple effects. High temperatures, for instance, can 
increase the risk of drought, forest fires, air pollution, pollen allergies and vector-
borne diseases. These combined effects have a greater impact on health than the 
effect of individual risks. Extreme weather events can also lead to chain reactions 
triggering other risks, such as when heavy rainfall may cause flooding and then 
erosion, landslides or slope failures.  

The 14 health risks have been assessed individually in the risk and vulnerability 
analysis. The combined effects have been described and highlighted by means of 
cross-references between the different sections, but no combined assessment has 
been made. When developing the assessment tool further, it will be necessary to 
consider whether combined effects can be included in the actual risk assessment, 
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and if so how. Nevertheless, this needs to be taken into account in climate change 
adaptation work. 

Global effects require in-depth analysis 
The risk and vulnerability analysis is limited to climate change occurring within 
Sweden’s borders, but the country is also affected by the effects of climate change 
in other countries. Risks related to transboundary mosquito-borne and tick-borne 
diseases and health risks linked to air pollution and forest fires have been analysed 
to a degree, but there has been no analysis of indirect effects such as access to food, 
migration, trade, finance and security policy (249–254). The most prominent risks 
and vulnerabilities include our dependence on other countries for food and strategic 
goods such as medications, medical equipment, and chemicals for treatment of 
drinking water, as well as our own capacity to supply such products in the event of 
various disruptions (254). Health is also affected by migration patterns, which may 
present both risks and opportunities for Sweden. Climate change in other countries 
may increase risks for Swedish companies and institutions, and thus impact 
economic stability and, in turn, human health (255). 

More knowledge is needed about indirect climate effects on health, as well as 
specific research on how global climate change impacts local conditions and public 
health. This knowledge needs to be developed by the academic community and 
through analyses by relevant government agencies in order to fully assess potential 
risks and opportunities linked to transboundary effects of climate change. 
Strategies to address indirect climate effects on health should be developed and 
involve a broad group of societal actors from the public and private sectors (256). 
Measures to address and adapt to indirect climate effects need to be developed in 
parallel with climate initiatives aimed at reducing emissions (255).  

Use health as a driving force for all climate initiatives 
Health and well-being are both a prerequisite for and an investment in sustainable 
societies. Using health as a driving force involves recognising and raising 
awareness of how the health of the population is affected, both positively and 
negatively, by environmental and climate-related actions. The objective is to link 
such issues more closely with people’s day-to-day lives and highlight the 
importance of prevention and health promotion initiatives.  

Health can be used as a driving force both in reducing emissions that have an 
impact on climate and in adapting to a changing climate. Efforts to reach the goal 
of net zero emissions by 2045 are impacting the need for climate change 
adaptation, as reduced emissions lessen environmental impact, and thus health 
effects as well. Efforts to achieve net zero emissions also bring with them major 
health benefits by reducing air pollution emissions and increasing opportunities for 
a more physically active population with healthier eating habits. However, climate 
change adaptation must take place regardless of future reductions in emissions, as 
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inertia in the climate system means that emissions already released will affect our 
climate for decades to come, impacting nature, society and health in Sweden.  

Highlight synergies for effective action 
The Environmental Objectives Council will be working until 2026 on “Hälsa som 
drivkraft för miljömålen och hållbar utveckling” (Health as a driving force for the 
environmental objectives and sustainable development), with the Public Health 
Agency of Sweden as the lead agency (257). The overall aim of this programme 
area is to promote knowledge exchange, collaboration and coordination of actions 
and issues where health can be used as a driving force to accelerate the pace of 
work on the environmental objectives, an important element in Sweden’s climate 
initiatives. There are many mutual dependencies and potential synergies between 
climate action and health, as the causes and impacts of climate change are cross-
sectoral. Using health as a driving force for sustainable development can broaden 
the scope of the work to engage more societal actors, promote collaboration 
between sectors and ensure that decision-making and actions help to promote a 
sustainable and healthy future for society as a whole. 
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changing climate, as well as a snapshot of the vulnerability and coping capacity of society. The 
report is based on scientific evidence, reports from government agencies and expert 
assessments. 

Climate change entails a risk of health effects due to extreme weather events such as heatwaves, 
droughts and flooding. It also entails a risk of health effects from ecosystem changes, such as 
changes in precipitation patterns and growing seasons that may favour various pathogens and 
disease-transmitting vectors. 

Knowledge of health risks in a changing climate provides an important foundation for the work of 
the Public Health Agency of Sweden on improving public health, and in its work under the 
Ordinance on the climate adaptation work of government agencies (2018:1428). The risk and 
vulnerability analysis may also provide useful knowledge support for other national, regional and 
local actors. 

 

 

The Public Health Agency of Sweden is a national expert agency working to improve public health 
by developing and supporting society’s efforts to promote health, prevent ill health and protect 
against health threats. Our goal is to achieve public health that strengthens the development of 
society 
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