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Abstract 

Background: Cold is a defining feature of everyday life for people living 
and working in northern Sweden. According to international standards 
for cold risk management, cold is defined as temperatures below +10°C. 
In northern Sweden, the rapidly changing Arctic climate intensifies 
environmental exposures due to its unpredictability, especially for 
outdoor workers, thereby increasing the risk of accidents and work-
related diseases from temperature fluctuations, icy surfaces, moisture, 
and insufficient lighting. Effective cold risk management is therefore 
essential for safeguarding the health of workers in these regions. 

 
Depending on the type of work, activity, and subjective experiences of 
cold exposure, flexible solutions to protect personnel are required. 
Because preventive measures can differ from workplace to workplace, 
risk management, including preventive actions and risk assessments, 
needs to be a part of the everyday routine. With the expanding green 
transition in the Arctic region, it is essential to highlight the importance 
of the work environment and health to prevent adverse health effects 
and promote a sustainable working life. 
 
This thesis aims to advance knowledge of occupational exposure to cold 
climates in preschools, park and maintenance, and power grid sectors in 
northern Sweden. By examining the extent of cold exposure, related 
health effects, and impacts on comfort and performance, as well as 
current risk management practices across occupational groups and 
sexes, this thesis seeks to identify ways to reduce workplace risks and 
promote health and equity.  

 
Methods: This thesis consists of four studies that use both quantitative 
and qualitative methods. For Paper I, a scoping review was performed 
using the PRISMA ScR extension. For Papers II+III+IV, a cross-
sectional design was used, and data were collected from three different 
occupational sectors: preschool, park and maintenance, and power grid 
workers, all located in northern Sweden. Technical measurements of 
temperature and physical activity were collected during a workday 
(Paper II). Participants were also asked to answer a digital survey 
consisting of 50 questions regarding subjective experiences of working in 
cold environments, self-assessed health, and risk management of cold 
exposure (Papers II+III). Semi-structured interviews were conducted, 
and qualitative content analysis was used (Paper IV). 
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Results: Formalised knowledge and use of cold risk management are 
lacking, and previous research has mainly focused on theoretical and 
technical risk assessment, leaving practical adaptations and knowledge 
translation behind (Paper I). Of the 132 participating outdoor workers in 
northern Sweden, one-third reported that they often or always felt cold 
during work. An average of 29% (2.2 hours) of a normal workday was 
spent working in temperatures below 10℃ across these professions 
(Paper II). Women reported cold-related discomfort more frequently 
than men, and cold sensitivity and Raynaud's phenomenon were most 
common among park and maintenance workers. An association between 
cold-related discomfort and increased reporting of musculoskeletal 
symptoms, cold sensitivity, and performance outcomes, including 
decreased concentration and mobility, was found (Paper III). Powergrid 
workers received full protective workwear from outer to inner layers 
from their employer; Park and maintenance workers received full 
outerwear, shoes, gloves, and hats, whereas preschool workers received 
only one outer layer and rarely received gloves, hats, or shoes (Paper 
III+IV). Workers and managers explained how structural conditions 
regarding workwear create inequalities across occupational settings, and 
that cold risk management is handled by individuals and working groups 
but lacks formal procedures within occupational health and safety 
management (Paper IV).  
 
Conclusion: This thesis emphasised that workers in northern Sweden 
experience substantial cold exposure and need to take measures to 
mitigate the risks. Current cold risk approaches fail to account for 
individual differences and gendered issues, suggesting a need for more 
equity-oriented solutions. These combined novel findings highlight the 
need to shift cold exposure from a taken-for-granted condition to a 
recognised occupational health issue, underscoring the importance of 
moving beyond an individual self-management approach towards an 
organisational structure.  
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Sammanfattning på svenska  

Bakgrund: 
Kalla temperaturer är ett vanligt inslag i vardagen för människor som 
bor och arbetar i norra Sverige. Enligt den internationella standarden för 
riskhantering av kyla definieras kyla som temperaturer under +10°C. De 
arktiska klimatförhållandena som förekommer i norra Sverige kan 
innebära stora risker för individen, framför allt för utomhusarbetare. 
Ökade risker för olyckor och arbetsrelaterade sjukdomar på grund av 
temperaturvariationer, hala ytor, fukt och otillräckliga ljusförhållanden 
är vanligt förekommande. En effektiv hantering av köldexponering är 
därför avgörande för att skydda arbetstagarnas hälsa i dessa regioner. 

För att kunna skydda individen på en arbetsplats krävs flexibla lösningar 
som tar hänsyn till arbetsuppgifter, aktivitetsnivå och individens 
upplevelser. Dessa lösningar kan skilja sig mellan arbetsplatser och 
riskhanteringen behöver vara en del av den dagliga rutinen. I takt med 
den växande gröna omställningen i den arktiska regionen blir det allt 
viktigare att uppmärksamma arbetsmiljö och hälsa för att kunna 
förebygga negativa hälsoeffekter och främja ett hållbart arbetsliv. 

Syftet med avhandlingen är att fördjupa kunskapen om arbetsrelaterad 
köldexponering, med särskilt fokus på förskolepersonal, park- och 
underhållsarbete samt distributionselektriker i norra Sverige. Genom att 
undersöka omfattningen av köldexponering, relaterade hälsoeffekter 
samt påverkan på komfort och prestationsförmåga, liksom nuvarande 
riskhanteringsmetoder för arbete i kallt klimat, strävar avhandlingen 
efter att främja arbetsrelaterad hälsa, minska arbetsmiljörisker och bidra 
till jämlikhet. 

Metod: 
Avhandlingen består av fyra studier som använder både kvantitativa och 
kvalitativa metoder. I den första studien genomfördes en scoping review 
enligt PRISMA ScR-riktlinjerna. En tvärsnittsdesign användes i de 
resterande tre studierna där data samlades in från chefer och 
medarbetare i de tre olika yrkessektorerna i norra Sverige. Tekniska 
mätningar av temperatur och fysisk aktivitet samlades in under en 
arbetsdag (Studie II). Deltagarna besvarade en digital enkät om 
subjektiva upplevelser av arbete i kalla miljöer, självskattad hälsa och 
hantering av köldrisker (Studier II och III). Semi-strukturerade 
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intervjuer genomfördes och analyserades med kvalitativ innehållsanalys 
(Studie IV). 

Resultat: 
Ett tydligt formaliserat arbete för att förebygga köldrelaterade risker 
saknas idag. Tidigare forskning handlar främst om teoretiska och 
tekniska mätningar, medan praktisk användning av kunskapen har fått 
mindre uppmärksamhet (Studie I). En tredjedel av de 132 
utomhusarbetarna uppgav att de ofta eller alltid fryser under en 
arbetsdag. I genomsnitt arbetade deltagarna två timmar i temperaturer 
under 10°C under en arbetsdag (Studie II). Kvinnor rapporterade en 
högre grad av köldrelaterat obehag än män. Köldskänslighet och vita 
fingrar (Raynauds fenomen) var vanligast bland park- och 
underhållsarbetare. Ett samband identifierades mellan köldrelaterat 
obehag och en ökad rapportering av muskuloskeletala symtom, 
köldkänslighet samt nedsatt prestation i form av minskad koncentration 
och rörlighet (Studie III). Tillgången till skyddsutrustning och 
arbetskläder varierade mellan yrkesgrupperna. Distributionselektriker 
fick komplett skyddsutrustning, från ytterlager till innerlager, av 
arbetsgivaren, medan park- och underhållsarbetare fick full 
ytterutrustning: skor, handskar och mössor. Förskolepersonal fick 
däremot ofta bara ett ytterplagg och hade sällan tillgång till handskar, 
mössor eller skor (Studierna III och IV). Rutiner för hantering av kyla 
saknades i det systematiska arbetsmiljöarbetet. Detta innebär att 
individer och arbetsgrupper behöver hantera köldrisker på egen hand. 
De systematiska skillnaderna som upptäcktes mellan arbetssektorer 
skapar ojämlikheter i riskhantering av kyla (Studie IV). 

Slutsats: 
Avhandlingen visade att arbetstagare i norra Sverige utsätts för 
betydande köldexponering, vilket behöver hanteras för att minska 
riskerna. Nuvarande strategier tar inte hänsyn till individuella skillnader 
eller könsrelaterade aspekter. Det finns därmed ett behov av mer 
jämlikhetsinriktade lösningar. Resultaten visar att köldexponering 
behöver ses som en strukturell risk, där hanteringen lyfts från det 
individuella ansvarstagandet till en mer organisatoriskt förankrad 
struktur. 
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Abbreviation  

AFS – Swedish Work Environment Authority’s provisions 

AML – Swedish Work Environment Law 

Clo – Insulation unit indicating garment resistance to thermal loss  

DLE – Duration Limit Exposure  

HTO – Human, Technology, Organisation model 

IQR – Interquartile range, a measure of the spread of data 

IREQ – Insulation REQuired 

ISO – International Organization for Standardization  

md – Median 

n – Number of participants  

OHS – Occupational Health and Safety 

PPC – Personal Protective Clothing 

PPE – Personal Protective Equipment  

p-value – Probability value (p) 

r – Pearson’s correlation coefficient  

SAM – Systematiskt arbetsmiljöarbete (Systematic OHS management)  

SD – Standard Deviation 

UTCI – Universal Thermal Climate Index 

WCT – Wind Chill equivalent Temperature index  

Z – Wilcoxon signed-rank test z-value 
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Preface–my origin story 

It was never my plan to pursue a PhD. It is said that you must be smart 
to be in academia, and I never considered myself particularly clever. Yes 
indeed, impostor syndrome in its finest form. And still, here I am, with 
absolutely no idea what the future holds. Someone far cleverer than me 
once said, “You can't really know where you're going until you know 
where you've been”. With that, I have decided to tell you my origin story. 
Perhaps my story will become a best-selling novel once I become Dr 
Freeze, the most annoying supervillain in history, always asking if you 
thought about cold risk management. Or it will just be a chapter in my 
life to tell my grandchildren (or whoever wants to listen) when I am 
older.  
 
It all began that day in June 1993 at 17:17… Who would have thought 
that someone who is so good at timing their entrance to the world would 
end up being so optimistic about time?... Like most children, I had big 
dreams of what the future would hold. I wanted to make the world 
better, spread joy and make people happy, and I was going to do this by 
becoming a musical theatre artist. My mum, a pragmatic woman, never 
opposed my dreams. She did, however, encourage me to have a backup 
plan, just in case I changed my mind. Today, I thank her for that.  
 
After high school, I worked for a year as an au pair in the UK, joined an 
amateur musical theatre production, and auditioned for multiple theatre 
schools. Like an angel on my shoulder, a nagging reminder of the need 
for a backup plan was always present. When I finally got accepted to a 
theatre school, I had also been accepted for my backup plan, a bachelor's 
degree in social psychology. In the end, the choice felt simple. Stability, 
job security, and no initiation fee, OR constant job hunting, instability, 
and paying £9000 tuition a year… and most certainly ending up working 
as a waitress (which I could do without a large student loan). I am still 
impressed by my friends who chose to follow their dreams. I, on the 
other hand, needed to find another, more stable path (so yeah, academia 
it is?).  
 
During my bachelor's, I realised I was really passionate about people, the 
cultural influences shaping us, the social structures and interactions that 
affect our behaviours. During my exchange semester at the University of 
Limerick, Ireland, I slowly but surely realised something… I could still 
fulfil my dream of making people happy and feel good, but perhaps not 
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as originally planned. I therefore started volunteering as a mentor, 
coach, and facilitator for children and young adults in need of a social 
arena for support, structure, or simply a friend. After graduation, I 
started working as a social secretary for economic benefits. Meeting 
people in vulnerable situations, trying to help them, and motivate them, 
but not always having the means to do so. A person could break from 
less.  
 
After a few years, I was ready for a change. I wanted to try something 
different but still with focus on helping others. I started working at a 
service home for individuals with disabilities (LSS-boende). However, I 
felt like I was not enough, and that I should be doing something more. 
Therefore, I went back to school… and, well, for those who don’t know 
me yet, apparently, I must do all or nothing. (And "nothing" is never an 
option, as that would be quite dull). I thereby ended up pursuing two 
master’s degrees, both part-time and at a distance: Worklife and Health 
and Decision, Risk, and Policy Analysis. And if you believed I stopped 
there, think again. I also landed a temporary contract as a study 
supervisor at a local high school. Finally, something I was good at: being 
a nerd, studying, and helping others. 

 
Then the pandemic hit. The time during the pandemic is somewhat 
blurry, but I know I felt as though I had no skills anyone could benefit 
from in a time of need. All I could do was sit at home and “be safe”. And 
you all know how I feel about that. I not only joined the Home Guard as 
an MC dispatch rider (MC Ordonnans). I also became a Zumba 
instructor. Once again, emphasising the fact that if I snooze, I lose. 
(Except in the mornings, because then I win!).  
 
In the spring of 2022, my distance studies were coming to an end, and I 
once again needed to plan for my future. One of my teachers from Umeå 
had asked whether I had ever considered pursuing a PhD and, if not, that 
I should do so. At the time, it had never occurred to me, and I didn’t give 
it much thought. Until a PhD position in Umeå was posted for a project 
about the adverse health effects of working in cold climates. Perfect, this 
project felt as if it were written for me, combining occupational health, 
risk management, and climate-related issues. By doing this, I could help. 
I could make an impact and continue doing something I am good at: 
studying. Secondly, I had applied for nearly 100 HR jobs without 
success. With that, I applied for the PhD position, thinking… what is the 
worst that can happen? Well… moving 100 miles north. To a place I have 
never been, with a belief that everything above Gävle is Norrland, 
consisting only of forest and wind shelters in the woods (well, perhaps a 
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bit dramatic, but who does not love overdramatic storytelling?). 
Surprisingly, none of it was true, and Umeå has now been my home for 
the past four years.  
 
Writing this thesis has made me look back and ponder on what I have 
done with my life, what I have achieved, and what my contribution to the 
future will be. It has not always been easy, not just because a PhD takes a 
lot of time, effort, and headaches, but because of life. Life does not 
always go as planned, but despite all anxiety, stress, and worries, most 
things will turn out well in the end. I am slowly starting to realise that I 
might actually be good at something. Even though the more you learn, 
the less you know. I am excited to learn more.  
 
Starting this PhD journey was never the plan. But finishing it is.  
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Introduction 

Imagine living in a winter paradise straight out of a Hallmark movie, 
with snow-covered streets, sparkling light, and a sense of calm beauty. 
Although this comforting image might be true at times, the daily efforts 
required to make such a scene possible remain hidden. People who work 
every day in harsh, cold environments: clearing snow from roads, 
maintaining power systems, and keeping essential services running. In 
rapidly changing climates, these workers face an increased risk of cold-
related accidents and health issues. Understanding and improving cold 
risk management becomes crucial, not only to protect workers but also 
to ensure a safe, healthy, and sustainable working life that supports 
society as a whole. 

Occupational cold exposure 
Regional focus: northern Sweden and the Arctic context 
The geographical focus of this thesis is northern Sweden, with particular 
emphasis on Västerbotten and Norrbotten counties, the two most 
northern counties in Sweden. These regions are characterised by long 
winters, low ambient temperatures, and substantial seasonal variation in 
daylight and temperatures. Northern Sweden exhibits pronounced short-
term climate variability, partly influenced by mountainous terrain and 
its effects on atmospheric circulations, which can result in rapid 
transitions between warm and cold conditions [1]. 
 
Climate change is associated with a gradual increase in global mean 
temperatures. In Arctic environments, including northern Sweden, this 
warming is estimated to occur at approximately four times the global 
average rate [2]. Despite this ongoing warming, extreme cold weather 
events are still expected to continue to pose risks in Arctic and Subarctic 
areas [2, 3]. 
 
The definition of the Arctic varies depending on the perspective and 
context. A common definition is based on geographical criteria, north of 
the Arctic Circle, located at about 66° N latitude. However, additional 
definitions consider aspects such as climatic thresholds, ecological 
characteristics, administrative and political boundaries, climate change 
vulnerability, emergency preparedness, governance structures, or socio-
economic conditions [4–7]. In this thesis, the definition including 
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Sweden as an Arctic nation will be used, although the emphasis will be 
on the northern parts of the country.  

 
Working in cold and Arctic climates can pose substantial challenges for 
workers. According to the Swedish work environment statistics [8], 
around 40% of all workers in Sweden are exposed to cold at some point 
during their workday (Table 3, p. 62, Chapter 6), with about 21% of men 
and 16% of women exposed for more than one-quarter of their workday. 
Occupational sectors such as construction, childcare, outdoor 
maintenance, forestry, reindeer herding, and aquaculture commonly 
involve outdoor work and recurrent exposure to cold temperatures [3].  
 
In northern Sweden, the ongoing green transition, characterised by 
increased industrialisation and large-scale infrastructure projects, is 
expected to drive growing demand for labour [9]. A substantial 
proportion of these occupations involves physically demanding outdoor 
work, including railway construction and jobs in wind turbine and power 
grid maintenance. Moreover, part of the expanding workforce is likely to 
consist of individuals born outside Sweden who may be unfamiliar with 
Arctic climates. Therefore, appropriate occupational support, 
adaptation, and preventive measures are needed to prevent adverse 
health effects [10, 11].   
 
Definition and extent of cold exposure 
In this thesis, the concept of cold is defined in accordance with the 
international standard, ISO 15743:2008, for cold risk management. Cold 
is defined as environmental temperatures below +10°C [12]. The 
definition refers to cold exposure from air temperatures, artificial indoor 
environments (e.g., cold stores), and outdoor environments. However, 
cold exposure and cold-related symptoms can occur regardless of air 
temperature through water, wind, or contact with cold objects, adding 
complexity to the concept [1, 14].  

 
From an occupational perspective, cold exposure is widespread. 
Globally, millions of people work in cold environments between 0°C and 
10°C, while thousands are employed in cold stores with temperatures 
below -25°C. Some industries, such as food processing, logistics, or polar 
research, may even require working conditions between -40°C and -50°C 
[1, 15]. In addition, global climate data [16] indicate that approximately 
one-fourth of the world’s countries have an annual mean temperature 
below +10°C, highlighting the large population living and working in 
cold environments. 
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The effects of cold exposure 
Exposure to cold can have various effects that depend on factors such as 
physical activity, clothing, and individual physiological responses, 
resulting in discomfort, impaired cognitive abilities, reduced 
performance and health, cold injuries, hypothermia, and death [3, 13–15, 
17, 18].  

Physical and cognitive performance have been observed to decrease at 
temperatures slightly below 18°C [19]. In occupational settings, these 
performance impairments may contribute to reduced productivity and 
elevated risk of injury. Cold exposure not only affects bodily functions 
but also the reliability of tools, machinery, and vehicles, further 
increasing safety hazards. 

Globally, exposure to cold climates has been associated with increased 
mortality and morbidity [20]. Epidemiological studies have shown that 
death occurrences are more frequent during cold temperatures [21]. A 
study from the USA found that up to 94% of temperature-related deaths 
were attributable to cold exposure [22]. Similarly, Zhao et al. [23] 
estimated that nearly nine out of every 100 deaths globally are related to 
cold exposure, with particularly high excess cold-related mortality rates 
observed in low-income regions, including Sub-Saharan Africa. 

 
In this section, physiological, psychological and subjective effects will be 
outlined, as well as individual vulnerability and sex differences.  

 
Physiological effects 
For the human body to function normally, core body temperature must 
be maintained at approximately 37°C (±1–2°C). Although humans can 
regulate their body temperature, this ability is limited and strongly 
influenced by external factors such as climate, clothing insulation, wind, 
and physical activity level [24–26]. When heat loss exceeds heat 
production, body temperature decreases, leading to physiological strain. 

 
Certain body regions, particularly the hands, feet, nose, and ears, are 
especially vulnerable to cold exposure due to their relatively large surface 
area and limited tissue mass [26]. As a result, local cooling often occurs 
before a whole-body decrease in deep body temperature develops. 
The degree of cooling is also influenced by individual factors such as age, 
sex, health status, fitness, body composition, acclimatisation, and 
previous cold injuries. Physiological responses to cold play a crucial 
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protective role in maintaining core temperature. Nevertheless, the 
effectiveness of these responses is limited, and prolonged or intense cold 
exposure can exceed the body’s thermoregulatory capacity, leading to 
adverse health consequences [27].  

 
Health effects from cold exposure have been documented in previous 
studies [18, 28–31], including cardiovascular symptoms (e.g., chest pain 
and arrhythmias), respiratory symptoms (e.g., coughing, wheezing, 
breathing difficulties), and musculoskeletal symptoms. Cold exposure 
has also been linked to cold sensitivity and Raynaud’s phenomenon [32, 
33]. Other occupational health risks include local cold-related 
conditions, such as freezing cold injuries (frostbite), non-freezing cold 
injuries (e.g., trench foot), and cold-associated injuries, such as slips, 
trips, and falls [34]. 

 
Psychological and subjective effects 
Cold exposure also affects psychological functioning and perceptions. 
Prolonged exposure to cold increases cognitive stress, risk-taking 
behaviour, and accident risk [13]. Cognitive performance may 
deteriorate during prolonged cold exposure; however, brief cold 
exposure can temporarily enhance alertness and perceived wakefulness, 
which may initially improve performance [10, 13]. 

 
Thermal sensation reflects the subjective perception of environmental 
temperature and is closely related to thermal comfort. Thermal 
sensation is defined as the conscious, subjective evaluation of how warm 
or cold an individual perceives the environment to be. Thermal comfort 
refers to the feeling of satisfaction with the thermal environment [35, 
36]. Both can be considered components of the broader, 
multidimensional concept of thermal perception. Behavioural and 
psychological adaptations, such as clothing adjustments and activity 
modifications, are important factors in thermal sensation, comfort, and 
tolerance [37–39]. Regular exposure to cold can lead to acclimatisation 
and habituation, resulting in reduced sensitivity to cold from both 
physiological and psychological perspectives [40–42]. 

 
Individual vulnerability and sex differences 
Individual responses to cold vary substantially. Physiological factors 
such as age, sex, fitness level, body size, health status, and body mass 
influence thermal regulation, comfort, tolerance, and sensation. 
Psychological and contextual factors, including cultural norms, personal 
and situational expectations, mood, and prior experience, also play a 
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significant role in shaping both exposure and response [32, 43–45]. 
Previous illness and smoking have been found to increase the risk of 
cold-related injuries, whereas fitness, acclimatisation, and experience 
may lower the risk [15, 27, 46]. However, many individual risk factors 
remain insufficiently researched within the general population [15].  
 
Differences between sexes have been researched to some extent, showing 
that physiological responses differ. Females have been shown to require 
longer recovery times to return to a thermoneutral state after exposure 
to cold compared with males [47]. Studies also show that females prefer 
warmer conditions and feel less comfortable than males in the same 
thermal conditions [48]. Sex-related differences regarding cold 
sensitivity have also been observed for certain conditions, such as 
Raynaud’s phenomenon, as well as in overall subjective thermal 
perception [13]. Some researchers have also discussed sex vs gender 
differences and the possible influences of physiological, hormonal, 
and/or sociocultural factors [24]. It has been suggested that preventative 
and protective measures should better target women, older workers, and 
vulnerable groups in colder regions. Addressing cold-related 
vulnerability in these populations has the potential to enhance worker 
safety, reduce injury rates, and contribute to broader economic benefits 
[49, 50]. 
 
Overall, working in cold environments may lead to acute and chronic 
health effects, disabilities, and occupational injuries. Previous illness and 
smoking have been associated with an increased risk of cold-related 
injuries, whereas higher fitness levels, acclimatisation, and cold 
experience appear to reduce vulnerability [15, 18]. The interaction 
between external environmental exposure, individual factors, and 
behavioural choices makes cold exposure a complex and highly 
individual phenomenon. 

Risk management 
For this thesis, the identification of risk management follows the 
International Standard – ISO 31000:2018 Risk Management – 
guidelines, which define risk management as follows: “coordinated 
activities to direct and control an organisation with regard to risk” [51, 
§ 3.2]. Within the risk management framework, risk assessment 
(identification, analysis, and evaluation) and risk treatment 
(implementing preventive actions and monitoring outputs) are two 
important factors, together with communication and leadership [51]. 
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The goal of risk management is to identify, evaluate, and mitigate 
potential risks to health and safety. The results should be presented with 
measures to reduce or eliminate the risk [24].  
 
When a risk occurs, societal laws and regulations should be used to 
manage the risks; for guidance, managers should follow [40]:  

1. Is it possible to eliminate the risk?  
2. Can we reduce the risk?  
3. How can we protect the individual?  

However, effective risk management extends beyond assessment and 
preventive measures alone. Straightforward solutions may have 
unintended effects, making flexibility and outcome monitoring essential 
for successful risk management. 

 
Occupational Health and Safety Management in Sweden 
The Swedish Work Environment Authority's vision is to ensure that no 
one in Sweden becomes ill, injured, or dies because of their work [52]. 
The authority derives from the Work Environment Act [53] and has 
three core functions: provide evidence-based knowledge on risks and 
prevention; establish regulations for a safe and healthy work 
environment; and supervise, inspect, and enforce compliance with the 
Work Environment Act [52]. Within this context, a preventive work 
environment management system (Systematiskt arbetsmiljöarbete, 
SAM) is integrated into the regulation and guidance of Occupational 
Health and Safety (OHS). The core principle is that employers must 
systematically prevent risks rather than react after injuries occur [54]. 
SAM consists of recurring and continuous activities and improvements 
with annual follow-ups, investigations, risk assessments, and measures 
(Figure 1).  
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Figure 1. The SAM (Systematist arbetsmiljöarbete) wheel [54].1 

Human, Technology, and Organisation  
The Human, Technology, and Organisation (HTO) framework focuses on 
the interaction between these three interdependent systems (Figure 2). 
Previous research has shown that incorporating an HTO perspective into 
risk management protocols is beneficial, as it acknowledges that 
organisational activities cannot be accomplished without human 
involvement [55–58]. Developed within the Swedish nuclear power 
industry, the framework is rooted in socio-technical systems theory, with 
one major difference: humans are seen as an equal and separate sub-
system interacting with the other sub-systems [56, 58]. This 
multidisciplinary framework relates to human work activities and 
integrates knowledge from various disciplines such as medicine, 
behavioural science, and engineering [55].  

 
1 Reprint with permission from the Swedish Work Environment Authority, translated into 
English). 
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Figure 2. Illustration of the relationship between the H, T, and O subsystems 

and the work activity in the HTO conceptual model [56].2 

Human: The human subsystem includes human capabilities and 
prerequisites required to perform various work activities. Different 
abilities are utilised to varying degrees depending on the context. To 
understand and manage, for example, stress responses or exposure 
impacts on performance, multiple perspectives are needed. The human 
sub-system can be described in four levels [55]: 

 
Biological: the human as an energy-processing system, including all 
physiological aspects such as movements, physical resilience, and health.  

 
Cognitive: the human as an information-processing system, including 
decision-making and mental abilities, as well as experiences of our 
environment and information.  

 
Psychological: the individual's unique history, personality, and 
experiences, including emotions, reactions, values, and priorities.  

 
Social: the human as a social being, including membership in various 
social groups, like family, work, and personal interests and the 
interaction between various arenas forming behaviours and culture.  

 
2 Reprinted from Applied Ergonomics, 59, A. Karltun, J. Karltun, M. Berglund, J. Eklund, HTO – A 
complementary ergonomics approach, 182–190, Copyright (2017), with permission from Elsevier. 
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Technology: The technology sub-system refers to the 
technological aspects that affect work activities. They can involve 
interaction with humans (e.g., material tools, machinery, or personal 
protective equipment (PPE)), digitalisation and information systems that 
influence organisation and decision-making, or technologies related to 
systems connected to the physical work environment (e.g., buildings, 
ventilation, lighting, and noise) [55]. 
 

Organisation: The organisational sub-system concerns how work 
is structured: who does what, when, and how? It includes formal aspects 
such as policies and written instructions, governing goals and visions, 
administrative structures and follow-up systems, and hierarchical 
positions and power. It also includes informal aspects such as 
organisational culture, leadership style, collaboration, and informal work 
practices [55].  
 

Cold risk management  
In Sweden, the Swedish Work Environment Authority’s Statute Book 
AFS 2023:12 [59] provides legislation on the physical thermal 
environment, e.g., for hygienic reasons within food processing or PPE. 
Regarding temperature regulation in AFS 2023:12 Chapter 5 §16, work 
conditions, guidelines, and recommendations are set for light indoor 
work (offices) with indoor temperatures of between 20–24°C in winter 
and 20–26°C in summer [59]. Indoor climate is easier to regulate than 
outdoor conditions, as the latter change more unexpectedly due to the 
occurrences of wind, moisture, and rapid temperature changes [15].  

 
The regulations for outdoor work in AFS 2023:12, 67§ state that outdoor 
workplaces must be designed to protect workers from weather and wind 
[59]. Employers are responsible for providing protection (e.g., PPE or 
weather shelters) against outdoor climate conditions that may negatively 
affect health and safety, as specified in AFS 2023:13, 81§ [60]. 
Additionally, the risk assessment of vibration-related injuries should 
consider the impact of cold climates and high physical workloads, as 
outlined in AFS 2023:10, Chapter 3 [61]. However, there is no legislation 
specifying the lowest acceptable temperature for work.  

 
The concept of cold risk management refers to the risk of cold exposure 
towards human health and how this risk is managed. The international 
standard, ISO 15743:2008–Strategies for risk assessment, management 
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and working practices in cold environments [12], has been developed to 
assist with cold risk management. Its focus is on guiding and providing 
practices for cold risk and health management strategies, as well as a 
checklist for identifying cold-related problems (Figure 3). 

 
Figure 3. Cold risk management model from ISO 15743:2008 [12].3 

 
3 Reprint with permission from Svenska institutet för standarder (SIS). 
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Common protective measures include scheduling outdoor work for 
warmer seasons, moving indoors, wearing protective clothing, providing 
shelter for recovery, using appropriate safety equipment for the task at 
hand, and reducing exposure time to minimise the effects of cold 
exposure [12]. However, there is limited research and documentation on 
the adoption and usage of this standard.   
      
Several other ISO standards are available regarding more specific 
outputs of cold exposure, for example, Medical supervision of 
individuals exposed to cold [62], Evaluation of thermal strain by 
physiological measurements [63], Analytical determination and 
interpretation of thermal comfort [36], Adaptive methods for achieving 
thermal comfort [64], Estimation of thermal insulation on clothing 
ensembles [65], Assessment of human responses to cold surface contact 
[66], Determination of cold stress using IREQ [67], Risk assessment 
strategy for prevention of stress and discomfort [68], Assessment of 
physical and subjective measurements of environments [35], 
Evaluation of thermal comfort in vehicles [69]. 
 
Other assessment models are the Insulation REQuired model (IREQ) 
specifying the insulation needed for clothing under given conditions 
[70], Duration Limited Exposure (DLE) specifying time limits for cold 
environments, mostly used together with IREQ [67], and the Wind Chill 
equivalent Temperature index (WCT) to approximate suitable clothing 
and exposure time [71].  Most recently, the Universal Thermal Climate 
Index (UTCI) has been developed to assess thermal stress in outdoor 
environments. By integrating air temperature, wind speed, humidity, 
and radiant heat exchange, this model aims to provide a more 
comprehensive representation of thermal conditions [72]. Importantly, 
all these models share a major limitation: they are calculated using a 
standardised reference person, most often male, which reduces their 
applicability to individual workers.   
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Rationale for this thesis  
Despite the existence of international standards and assessment 
methods aimed at preventing cold-related health risks, significant 
knowledge gaps are apparent regarding how cold risk management is 
understood, adapted, and experienced in everyday occupational practice.  

 
Limited knowledge on cold risk management in practice  
Several international standards, ethical guidelines, and assessment 
methods have been developed to support and improve occupational 
health. In addition, national OHS services provide professional guidance 
on workplace health and safety issues. Despite this, little is known about 
how employers and workers apply existing standards, assessment tools, 
and guidelines. Documentation on practical adoption is scarce, and the 
extent of use of available assessment tools and standards is unknown. 
Moreover, there is limited research on cold risk management, both 
globally and in the Swedish context. Adaptations and variations specific 
to occupational circumstances, such as working outdoors, in remote 
areas, at heights, alone, or with responsibility for others (e.g., children), 
have not been sufficiently addressed in previous research or guidelines.  
 
Insufficient measurement data on actual cold exposure at 
work, health effects, and occupational differences  
Handling cold exposure is highly context-dependent. Influences such as 
weather, job demands, clothing, and physical activity will alter the 
outcomes of exposure. While cold climates affect millions of workers 
worldwide, there is a scarcity of worker-level data to capture actual cold 
exposure under real-life working conditions. Exposure patterns may vary 
substantially between outdoor occupations and should not be assumed 
to be uniform across occupational groups. Further research on 
occupational variations, exposure limits, health effects, and work ability 
remains limited. 

Knowledge gaps regarding sex differences  
Although sex-related differences in physiological responses to cold have 
been reported, these differences remain sparsely studied within 
occupational settings. Existing measures for assessing cold exposure 
have not been developed with explicit consideration of sex differences, 
leaving a gap in understanding whether differences in exposure and 
management are evident in workers' daily cold exposure in Arctic 
climates.  
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Purpose 

The overarching aim of this thesis is to advance knowledge of 
occupational cold exposure by describing: 

- the extent of cold exposure, 
- associated health, comfort, and performance outcomes,  
- current risk management practices,  

while identifying key knowledge gaps and potential solutions. 

Specific aims (paper by paper) 

Paper I: To review existing empirical evidence regarding cold risk 
management in an occupational setting and examine possible differences 
between sexes in cold risk management practices. 

 
Paper II: To describe ambient cold exposure and occupational physical 
activity within preschool, park and maintenance, and power grid sectors 
in northern Sweden, using both technical measurements and self-
reported survey items. Also, to investigate which individual and 
occupational factors influenced the subjective experience of feeling cold 
at work. 

Paper III: To evaluate differences in subjective thermal comfort, self-
reported health and performance outcomes between different 
professions (preschool, park and maintenance, and power grid) and 
sexes in northern Sweden. Also, to explore whether subjective thermal 
comfort is associated with poorer self-reported health and performance 
outcomes. 
 
Paper IV: To explore how cold risk management practices are adopted 
within preschool, park and maintenance, and power grid sectors in 
northern Sweden, by examining the experiences of employers and 
employees in handling cold exposure in northern climates. 
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Methods 

This thesis project consisted of four studies using both qualitative and 
quantitative methods. Table 1 provides a brief overview. Further in this 
section, the settings, participants, data collection, and analyses are 
described in greater detail.  

 
Table 1. Overview of methods for the ArctiHealth studies I–IV. 

Scoping review and additional grey literature 
search 
The scoping review conducted in this thesis used the PRISMA ScR 
checklist [73]. A systematic literature search string (Paper I–
supplementary data 1) was developed, encompassing three main areas: 
Cold environment (33 concepts), Work-related (24 concepts), and Risk-
planning (37 concepts). During development, the controlled vocabulary 
of Medical Subject Headings (MeSH) from MEDLINE and the Emtree 
thesaurus from EMBASE were used, when applicable. References were 
exported to EndNote, where duplicates were removed. All unique 
references were then imported into Covidence, a systematic review 
online software tool (Veritas Health Innovation, Melbourne, Australia), 
for further curation. Inclusion and exclusion criteria were developed 
(specified in Paper I). The first stage included title screening; the second, 
abstract screening; and the third, full-text screening. Each item was 

Study Design  Data Collection Participants Analysis 
Paper I Scoping review A scoping review 

following the 
PRISMA protocol 

25 peer-reviewed 
papers 

Narrative 
review 

Paper II Cross-sectional 
field study 

Technical 
measurements 
(Ibutton + 
activPAL3), 
Questionnaires  

Total 133 
participants (132 
workers-survey,  
124 temperature 
logs, 121 activity 
logs). 

Descriptive 
statistics and 
binary logistic 
regression 
analysis 

Paper III Cross-sectional 
study 

Questionnaire 132 workers Descriptive 
statistics, Chi-
square, and 
binary logistic 
regression 
analysis 

Paper IV Qualitative  Interviews 25 participants (11 
managers, 14 
workers) 

Inductive 
qualitative 
content 
analysis 
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evaluated for inclusion or exclusion by two authors. If opinions diverged, 
a third author’s vote or group discussions resolved conflicts until 
consensus was reached. More details about the process can be found in 
Paper I.  
 
For this thesis, an updated search of peer-reviewed publications was 
conducted on 20 March 2026 to include any recent (2023–2026) 
research publications in this field. A rapid scoping review was therefore 
conducted. The original search string was used, and the search was 
performed in MEDLINE and EMBASE. All references (n=1351) were 
imported into EndNote, where duplicates were removed (n=68). The 
same inclusion and exclusion criteria as before were used. The initial 
title screening was conducted solely by me, while the main supervisor 
(AS) was involved in the abstract and full-text screening processes. Three 
additional studies were found (Figure 5) and included in this thesis.  

       
Figure 5. PRISMA flowchart of the literature search and inclusion of articles in 
an additional rapid scoping review. 
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Originally, the published scoping review (Paper I) also included a grey 
literature search conducted on 23 January 2023 and 2 February 2023. 
The authors believed at the time that peer-reviewed literature would be 
too scarce to write a publishable article. However, this proved not to be 
the case, and the grey literature was excluded. For this reason, the grey 
literature is instead presented in this thesis. 

 
The grey literature search was made via Google Scholar from a Swedish 
domain (230123) and a Norwegian domain (230202). Two English 
search strings (cold ~temperature work ~related Occupational Safety, 
cold ~temperature work ~place Risk Assessment) were used. The first 
four pages of each search were reviewed using a default setting of 10 hits 
per page, and 47 references were deemed relevant. The search strings 
were translated into Swedish, Norwegian, and Danish. An additional 30 
references were found relevant. In total, the grey literature search 
resulted in 77 unique references, which were manually reviewed and 
analysed for this thesis.  

Study setting and participants (Paper II–IV) 
For Papers II+III+IV, all data were collected between November 2023 
and April 2024 in Västerbotten and Norrbotten County in northern 
Sweden. During this time, the mean temperature was -6.9 ℃, with a 
mean of 18.4 ice days per month (meaning the maximum temperature 
over 24 h was below 0 ℃). During this period, the lowest temperature 
was -36.8 ℃ on 4 January, and the highest temperature was 8.5 ℃ on 15 
March [74]. 
 
Workers and managers from three different occupational sectors: 
preschool, park and maintenance, and power grid sectors took part in 
this project (Figure 4).  

St
ud

y 
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m
pl

e

Preschool 6 workplaces 

Park and 
Maintenance 3 workplaces

Power grid 3 workplaces

Figure 4. Distribution of the study sample in the ArctiHealth project. 
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Occupational sectors were identified through a literature review. Three 
common outdoor occupations within governmental or municipal 
regimes were selected. Two occupations were either female- (preschool) 
or male-dominated (power grid), and one had a more equal distribution 
between sexes (park and maintenance). The workplaces varied in size 
from 7 to 30 workers. A total of 144 participants took part in this project 
(Table 2). 
 
Table 2. Distribution of participants in the ArctiHealth project. 

 Preschool Park and 
maintenance 

Power 
grid 

All 

 n (% of 
females) 

n (% of females) n (% of 
females) 

n (% of 
females)  

Workers 
 

65 (92) 36 (47) 32 (3) 133 (59) 

Managers 
 

4 (100) 3 (0) 4 (25) 11 (45) 

Temperature 
Workers 

63 (92) 32 (41) 29 (4) 124 (58) 

Physical Activity 
Workers 

63 (92) 29 (38) 29 (4) 121 (58) 

Survey  
All 

69 (93) 39 (44) 35 (6) 143 (58) 

Interviews 
 All 

7 (100) 9 (33) 9 (22) 25 (52) 

Interviews 
Workers 

3 (100) 6 (50) 5 (20) 14 (50) 

Interviews 
Managers 

4 (100) 3 (0) 4 (25) 11 (45) 

 
Workers: To be included in the technical measurement data 

collection, workers needed to work outside on the day of data collection. 
It was also emphasised that normal outdoor working patterns should not 
be changed. A maximum of 15 participants per day could be included in 
the technical measurements, depending on the availability of loggers. At 
the end of the workday, participants were asked to fill in a digital survey. 
Within a week of the technical data collection day, voluntary participants 
from that workplace were contacted to schedule an interview. 
Participants with complete temperature, activity, and survey data were 
strategically selected based on the following criteria: sex, age, and survey 
responses regarding feeling cold at work. The aim was to conduct at least 
one interview per workplace until saturation was reached.  
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Managers: First-line managers at each workplace were asked to 
complete an initial survey and participate in an interview on cold risk 
management. Within the preschool sector, several workplaces could 
have the same manager, whereas within park and maintenance, and the 
power grid sector, the same workplace could have several managers. At 
least one manager from each workplace participated and gave oral and 
written consent. Managers also agreed that workers could take part in 
interviews during work hours, at the place and time of their choice. 

Data collection 
Technical measurements 
Technical measurements were collected during one workday per 
participant throughout the winter season 2023–2024. A pre-prepared 
envelope containing a consent form, one iButton temperature logger, 
and one ActivPAL3 physical activity logger was given to each participant 
at the start of their workday. I gave verbal instructions to each 
participant on how to attach the loggers correctly. Participants were able 
to contact the researcher (me), who was available in the workplace office 
throughout the day, at any time if any questions or problems with the 
loggers occurred. 

ActivPAL3: An accelerometer (ActivPAL3; Pal Technologies Ltd., 
Glasgow) was used to collect physical activity data. The logger was 
placed directly on the skin at the centre of the front thigh and secured 
with allergy-sensitive, medical tape (Figure 6). By the end of the 
workday, all data was manually downloaded from the ActivPAL3 
Software to an external hard drive.  

iButton: To collect temperature data, an iButton DS1922L-F5# 
Thermochron model (iButtonLink, USA) was used, as it is designed for 
low-temperature applications (down to -40 ℃). iButtons were placed in a 
plastic fob with a key ring (Figure 6) to easily attach the logger to 
participants’ zippers on their outer jackets. By the end of the workday, all 
data was manually downloaded from Exactlog and saved as Excel files on 
an external hard drive.  
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Figure 6. Placement of ActivPAL3 and iButton data loggers. 

Digital survey 
The digital survey consisted of 50 questions regarding subjective 
experiences of working in cold environments, self-assessed health, and 
risk management of cold exposure (Paper III–Appendix 1). The 
questions were taken from previous questionnaires, e.g., the work 
environment [8] and the ISO standard 15734:2008 [12]. The software 
survey tool REDCap (14.0.29–©2024, Vanderbilt University) was used 
via Umeå University. The survey was distributed with a QR code. If 
participants had not answered, a reminder email or text message with a 
link was sent out after a week.  

 
Interviews 
Semi-structured interviews were conducted. All interviews were 
conducted by me. My supervisors, JW, HP, and AS, observed and co-
interviewed one interview each. Author VW provided me with feedback 
on the interview technique for the first recorded interview. The 
interviews lasted between 15 minutes and 1 hour 15 minutes, with a 
mean of 38 minutes, and included questions regarding the work 
environment, protective measures, and preventive actions (Paper IV–
Appendix 1). Interviews were recorded on Dictaphones (OM System 
WS–882) and later verbatim transcribed before analysis. The interviews 
were conducted either in person or via telephone.   
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Data analyses 
A significance level of 5% (p<0.05) was applied for all statistical 
analyses. This would ensure sufficient sensitivity and reduce the 
probability of Type I error. 

Technical data curation: All technical data were exported into 
Excel format. The statistical software R was used to extract the duration 
of each workday's continuous periods of cold exposure. Cold exposure 
was defined as exposure below +10°C.  For each cold exposure period, 
the mean and minimum temperatures were calculated. Physical activity 
data were synchronised with the iButton time data, and for each cold 
exposure period, the number of steps, the metabolic equivalent of task 
(MET), which is the ratio of the rate at which a person expends energy, 
and the proportion of time spent sitting, standing, and walking were 
calculated. Further, the percentage of the total workday spent with cold 
exposure, sitting, standing, and walking was calculated. Data were then 
imported, together with survey data from REDCap, into IBM SPSS 
Statistics for Windows (Version 29.0, IBM Corporation, Armonk, NY, 
USA) for further analysis.  

Statistical analysis for Papers II and III 
 

Descriptive statistics: For a descriptive overview, participants 
were grouped by occupation and sex. Survey data variables were all 
presented by frequencies in both Papers II and III. Control of normal 
distribution of each variable was assessed using visual inspection of 
histograms, Q-Q plots, and the Shapiro-Wilk test. As the temperature 
and physical activity data were skewed, they were reported as median 
and interquartile range (IQR), along with the minimum and maximum 
values. Normally distributed variables were presented with mean and 
standard deviation (SD).  

 
Binary logistic regression: Binary logistic regression was 

performed in both Paper II, to explore factors associated with feeling 
cold, and Paper III, to explore associations between thermal comfort and 
health and performance outcomes. It was chosen as the most suitable 
method for exploring associated factors for the different dependent 
variables, which are further described in each paper.  
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Chi-square test: In Paper III, chi-square tests were chosen as an 
appropriate method to evaluate potential differences in health outcomes, 
performance outcomes, and thermal comfort between the professions 
(pairwise) and between sexes. However, in some cases, the sample sizes 
of the variables were too small (n<5), so Fisher’s exact test was used 
instead.  

 
Data analysis for Paper IV 
 

Qualitative content analysis: The transcribed interviews (Paper 
IV) were analysed using inductive qualitative content analysis, meaning 
that the analysis was data-driven rather than theory-driven [75–77]. This 
approach provided a systematic yet flexible framework that bridges 
manifest and latent content [76] and was therefore well-suited to 
addressing the study's aim. The software MAXQDA (version 24.11.0) 
[78] was used for open coding. Codes remained close to the verbatim 
origin and the manifest content [79]. Together with the co-authors, the 
codes were grouped and further analysed using abstract descriptions and 
interpretations, enabling the creation of categories and themes [77].  

 
Additional statistical analysis for this thesis 
 

Wilcoxon Signed Ranks Test: Since the physical activity data 
were not normally distributed, a nonparametric statistical test was used. 
The Wilcoxon Signed Ranks test was used to compare physical activity 
outcomes (steps/minute, sitting, standing, and stepping) between cold 
(<10℃) and warm (>10℃) work periods.  
 

Spearman’s rank-order correlation test: In this thesis, a 
nonparametric correlation test was performed to examine the strength 
and direction of the relationship between technical measurements of 
cold exposure duration during the workday and subjective self-rated 
survey items on the duration of cold exposure. The technical 
measurement variable was calculated as a percentage of a full workday 
for each participant. The survey variables, “Part of a normal working 
day exposed to cold temperature” and “Part of the measuring day 
exposed to cold temperature”, were a 6-level Likert scale: “not at all”, 
“one tenth”, “one quarter, “half”, “three quarters”, and “almost all the 
time”.  
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Ethical considerations 
This study was approved by the Swedish Ethical Review Authority (Dnr 
2023–04373–01) and performed in accordance with the ethical 
principles outlined in the Declaration of Helsinki.  
 
Initial recruitment contact was made via first-line managers or via 
human resources (HR) within the organisation. I provided information 
about the study both verbally and in writing to managers and workers 
during staff meetings and before data collection. Data collection days 
(for technical measurements and surveys) were scheduled in agreement 
between the organisation and me to minimise disruption to work 
routines. Interview scheduling was agreed upon between the individual 
participant and me after completion of the technical measurements. To 
reduce potential managerial influence and coercion in the recruitment 
process, participation was voluntary and based on self-selection.  
 
All participants provided signed consent. Consent was given for each of 
the four different data collection methods: survey, interviews, technical 
measurement of temperature, and technical measurement of physical 
activity, by responding with a mark (X) next to each method listed on the 
consent form. Participants were informed of their right to withdraw their 
consent during the data collection phase and to exclude themselves or 
abstain from answering interview questions.  
 
We considered the risk of harm to participants in this thesis to be 
minimal, as exposure levels were measured during a typical workday to 
which participants would normally be exposed. As the study involved the 
collection of prior health information, precautions were taken to protect 
participants. 
 
To protect privacy, all participants were assigned a chronological ID 
number (e.g., 1, 2, 3, 4, 5). All data collected from each participant were 
labelled with the ID number, which was the only identifier used in 
subsequent data handling and analyses. The transcribed audio files were 
pseudonymized, with names and places that could have identified the 
participant removed before further analysis within the research group 
and for the presentation of results. Quantitative results (Papers II and 
III) were presented only at the group level to ensure anonymity. All data 
collected in the study were handled and stored to ensure safety and 
confidentiality.  
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Use of AI 
For this thesis, Artificial Intelligence (AI) tools have been used to 
transcribe audio recordings of interviews. The AI-powered transcribing 
service has been audited by Umeå University and classified as suitable 
for ‘sensitive personal data’, with safety and security prioritised. All AI-
transcriptions have been manually checked by me, the author of this 
thesis, or by co-authors of the fourth paper. Large language models, such 
as Grammarly and Microsoft Copilot, have been used solely for 
grammatical corrections and language editing when writing this thesis. 
No AI-generated content has been used in data analysis or in the 
interpretation of results. AI has been used to create images for this 
thesis. I, with support from supervisors and co-authors for the specific 
papers, are responsible for the academic originality and integrity of this 
thesis.  
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Results 

Below, I present a summary of the key findings of this thesis. Details of 
already published results can be found in the results sections for each 
paper. Additional unpublished results are presented in full below.  

Empirical evidence  
The scoping review (Paper I) collected information from 25 peer-
reviewed papers. Two focus points were outlined: ‘Risk assessment’ (the 
identification of the problem) and ‘Risk treatment’ (the process after 
problem identification). Technical and theoretical risk assessments for 
cold work were the most common scope of included papers (Paper I–
Table 1.1 & 1.2). The focus was on low ambient temperature without 
considering the effects of other parameters, such as wind, moisture, or 
individual factors. Eight papers (Paper I–Table 2) highlighted the 
importance of successful adoption and/or implementation and 
improvement of good practices, protective, and preventive measures. 
Findings showed that current practices were inadequate and needed 
further development to protect workers from cold-related hazards.  
 
The additional search identified three papers that would have been 
included in the original review if they had been written today (Table 3). 
Two of the papers would have been included in the first category of ‘Risk 
assessment’ [80, 81]. In the first subgroup, ‘Evaluation of PPE’ (Paper I–
Table 1.1), the article by Tirloni et al. [80], which aimed to analyse the 
effects of knife use and overlapping gloves on finger temperatures, would 
have been included. In the subgroup, ‘ISO standards and method 
development’ (Paper I–Table 1.2), the article by Chen et al. [81] would 
have been included as it aimed to develop a new software tool for 
evaluating thermal safety and comfort. Within the second category, ‘Risk 
treatment’, the article by Cavalli et al. [82] would have been included as 
this study aimed to understand the role of weather in occupational 
health and safety in aquaculture, and to identify weather-related risks 
and strategies to mitigate them.  
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Table 3. Results from the additional literature search regarding cold risk 
management.   

R
ef

er
en

ce
 Tirloni et al. 2024 [80] Chen et al. 2023 [81] Cavalli et al. 

2025 [82] 

A
im

 

Aims to analyse the 
effects of knife use and 
overlapping gloves on 
finger temperatures. 

Aims to develop a 
software tool for the 
evaluation of thermal 
safety and comfort  

Aims to 
understand the 
role of weather in 
aquaculture OHS  

D
es

ig
n

 Cross-sectional study Experimental – 
development of a tool  

Qualitative case 
study and a 
literature review  

O
cc

u
p

at
io

n
 Poultry slaughterhouse 

workers 
Outdoor workers activities Aquaculture 

industry 
stakeholders 

Se
x Female = 70%  Male Not specified 

E
n

vi
ro

n
m

en
t Artificially cold room 

(≈12°C) and air 
humidity (50%) 

Cold environment  
-30.6°C to 5°C 

Aquaculture, 
Marine settings 

T
ar

ge
t g

ro
u

p Decision makers, 
health and safety teams 
within these companies 

Occupational health care, 
cold protection, and 
environmental 
ergonomics 

OHS 
Management 

C
on

cl
u

si
on

 

Workers wore one to 
five overlapping gloves. 
Almost half of the 
workers felt cold in at 
least one hand. 
Workers were provided 
with chainmail to 
protect against cuts, but 
it reduced finger 
temperature compared 
to anti-cut gloves. 
Recommend wearing 
thermal gloves under 
chainmail gloves.  

To guide users in 
arranging activity plans 
and selecting appropriate 
clothing ensembles to 
ensure their health, 
quality experience, and 
activity performance. It 
supplements the current 
cold exposure 
management tools. The 
software is user-friendly 
and comprehensively 
evaluates cold injury risk 
and thermal comfort. 

Results highlight 
diverse weather-
related risks and 
strategies for 
mitigating them, 
while also 
pointing to 
potential 
limitations of 
some of these 
strategies.  
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The grey literature search resulted in a total of 77 unique references, 
which were manually reviewed (Appendix 2). These references have been 
divided into the HTO framework. Most references outlined employers' 
responsibilities and recommended actions for employees to reduce the 
risk of ill health in cold temperatures. This material was collected in 
early 2023; some (n=10) of the references were no longer available due 
to website removals or closures.  
 

Human and Technology subgroup: About half of the references 
focused on human factors and on keeping people safe from cold-related 
hazards, not only at work but in everyday life. However, a clear 
separation of references between the human and technology subgroups 
could not be made, as the guides, checklists, and information presented 
were intertwined. Across the reviewed materials, common information 
included clearly defined health risks linked to cold stress, hypothermia, 
frostbite, and trench foot. Trade unions (n=19) and popular science 
articles (n=17) disseminated information on cold stress, how to identify 
it, how to dress (e.g., the layer-on-layer principle, with three protective 
layers of clothing), or preparedness actions when an emergency 
occurred. An example could be how to survive a winter storm, whom to 
call, or how to warm up (e.g., changing wet clothes or drinking warm, 
non-caffeinated drinks). Only one reference emphasised the health 
benefits of cold exposure (e.g., cold baths) in physiotherapy.  
 

Organisation subgroup: Five occupational health and safety 
legislations were identified from the UK, Sweden, Denmark, Finland, 
and Norway. Also, 24 governmental information sites were found on 
working in hot and cold environments, as well as on risk management 
and preventive actions. Ten sets of guidelines or company regulations 
were identified. One preventive risk management strategy identified was 
the buddy system, in which workers are paired or grouped to monitor 
one another for signs of symptoms of cold-related stress or injuries. This 
could include observations such as shivering, unusual fatigue, confusion, 
or slow responses; changes in skin or lip colour; ensuring protective 
clothing is worn correctly; reminding about heated breaks and safety; 
and ensuring no one is left working alone in harsh conditions.  
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Cold exposure and physical activity  
On average, technical measurements showed that 29% of the workday 
(2.2 h), with a mean activity level of 17 steps per minute, was spent 
outdoors below 10℃. Participants self-rated their work exertion as light 
to moderate on Borg’s 6–20 scale, with a mean of 12.2 (SD = 2.3). 
Additionally, more than half of the participants (58%) reported being 
exposed to cold temperatures for more than half their workday. This self-
assessed exposure was consistent with the technical measurements 
observed among power grid workers and park and maintenance workers 
(Table 4). 

 
Table 4. Technical temperature measurements for the different occupations.   

 Preschool Park and 
Maintenance 

Power grid 

Lowest recorded 
temperature 

-9.6℃  -25.1℃ -10.9℃  

Average 
percentage of 
workday spent 
below 10℃ 

20%  
(80 minutes)  

48%  
(216 minutes)  

52%  
(243 minutes) 

 
When comparing physical activity patterns between the cold and warm 
periods, a statistically significant difference (p<0.001) was observed 
across all occupational sectors. The average proportion of time spent 
standing, stepping, as well as step counts, increased during the cold 
periods (Table 5).  
 
More detailed results from the technical measurements of temperature 
and physical activity, stratified by occupation and sex, are presented in 
Paper II–Table 3.  

Health, performance, and thermal comfort 
The main results showed that park and maintenance workers had the 
highest prevalence (31%) of Raynaud's phenomenon and cold sensitivity 
effects (57%) (Paper III–Table 3). Park and maintenance workers also 
showed the highest prevalence of negative impacts across all 
performance outcomes: concentration (44%), endurance (75%), mobility 
(86%), strength (54%), and speed (83%). No differences were found 
between sexes for both health and performance outcomes (Paper III–
Table 4).  
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Table 5. Physical activity patterns across occupational sectors. 

   Steps/min Sitting 
% 

Standing 
% 

Stepping 
% 

P
re

sc
h

oo
l 

md (IQR) 
min–max 

Warm 
(>10℃)  

9 (5)  
0–19 

51 (12) 
29–94 

35 (11)  
6–57 

14 (6)  
0.1–27 

Cold 
(<10℃)  

19 (9)  
0–43 

6 (11) 
0–100 

63 (15) 
0.2–87 

28 (13) 
0–53 

Wilcoxon 
Signed 
Ranks 
test  

Z -6.8 -6.9 -6.9 -6.8 
p-value <0.001 <0.001 <0.001 <0.001 

P
ar

k 
an

d
 

M
ai

n
te

n
an

ce
 

md (IQR) 
min–max 

Warm 
(>10℃)  

6 (4)  
2–18 

71 (16) 
31–81 

21 (13)  
12–47 

8 (4)  
4–23 

Cold 
(<10℃)  

19 (9)  
11–48 

31 (27) 
0.4–57 

39 (23) 
16–66 

27 (12)  
19–52 

Wilcoxon 
Signed 
Ranks 
test 

Z -4.7 -4.6 -3.8 -4.7 
p-value <0.001 <0.001 <0.001 <0.001 

P
ow

er
gr

id
 

md (IQR) 
min–max 

Warm 
(>10℃)  

6 (3)  
0.1–11 

79 (14)  
19–98 

13 (12)  
2–78 

8 (4)  
0.2–15 

Cold 
(<10℃)  

11 (7)  
2–59 

20 (24) 
3–91 

56 (19)  
6–84 

17 (8)  
3–63 

Wilcoxon 
Signed 
Ranks 
test 

Z -4.3 -4.4 -4.5 -4.3 
p-value <0.001 <0.001 <0.001 <0.001 

 
 
The main results showed that during a normal workday in the winter 
season, 33% of all workers reported that they “often” or “always” felt 
cold at work (Paper II–Table 2). Participants emphasised that 
experiences of cold exposure are highly individual, yet females reported 
a higher incidence of feeling cold at work than males (Figure 7). Further 
specifying self-perceived thermal comfort, preschool workers reported 
thermal discomfort in the whole body, face, and feet to a significantly 
greater extent than power grid workers. Similar differences were also 
observed between sexes (Figure 7) and (Paper III–Table 2). 

 
Reported reasons for feeling cold at work (Paper II–Table 2) would 
mainly be due to cold temperatures, wind and draft (75%), followed by 
moisture and rain (64%), handling cold objects (51%) or other specified 
circumstances like working without proper PPE or working at heights.  
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Figure 7. Self-reported experience of feeling cold during work and thermal 
comfort in the whole body, face, and feet.  

To further understand the associations between the four local thermal 
comfort zones: whole body, hands, feet, and face, and the health and 
performance outcomes, a binary logistic regression analysis was made 
(Paper III). Increased reporting of musculoskeletal symptoms was 
associated with cold-related discomfort in the whole body, feet, and face. 
Increased reporting of cold sensitivity was associated with cold 
discomfort in the whole body and hands (Paper III–Appendix 1). 
Whole-body cold-related discomfort was also associated with decreased 
concentration and mobility (Paper III–Appendix 2). However, no 
significant association was found between feeling cold at work and any of 
the dependent variables: sex, line of work, tobacco use, physical exercise, 
general health, age, BMI, steps/min, and time spent sitting and standing 
during cold periods (Paper II–Table 4).  

Personal protective clothing 
All workers received some type of personal protective clothing (PPC) 
from their employer. Results from the survey, as shown in Paper III–
Table 1, indicated that it was most common for power grid workers to 
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receive full protective clothing (i.e., jacket, trousers, gloves, and boots). 
Park and maintenance workers received full outerwear, shoes, gloves, 
and hats. In contrast, preschool workers received the least protective 
clothing from their employer, with only 15% receiving work shoes, 
compared to 97% for power grid and park and maintenance workers. 
However, steel-cap shoes were often worn; hence, they were reported to 
be too cold in winter. Workers were also asked (Paper II) to rate the 
cold-protective properties of the workwear provided to them. The 
median rating was 8 (IQR=2) out of 10, where 10 represented the highest 
possible rating. Managers rated the cold-protective properties of the 
provided clothing with a median score of 7 (IQR=1) out of 10. 

To further understand experiences with cold exposure and personal 
protective clothing, interviews were conducted with managers and 
workers across different occupational sectors (Paper IV). Participants 
explained that clothes suitable for the working conditions were essential. 
However, individual and functional needs (appearance, fit, and mobility) 
were not always considered. Female participants described the challenge 
of finding well-fitting models and sizes for women's wear in a male-
dominated clothing market.  

“I know of a lot of people who have curvier bodies here, […] 
then it can be hard to find something, but it's gotten better. 
There are more sizes and there are better ones […] Yes, you 
wear regular high-visibility pants, but how much you can 
wear under them without feeling like a stuffed sausage?” 

(park and maintenance worker, female) 

Within the preschool sector, workers reported that workwear has only 
been provided in recent years and that budgets and standard clothing 
assortments vary across sectors and municipalities. Workers also 
mentioned that they were not provided with education or formalised 
routines on clothing maintenance or use to best protect against cold 
exposure.  

Promotors and barriers for cold risk management  
Results showed that the current cold risk management plans were not 
included in the organisational structure (SAM) across the various 
occupational sectors (Paper IV). Managers explained that they were 
responsible for SAM across various workplaces and could adapt the 
structure as needed. Individuals and working groups handled cold-
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related issues daily; however, to do so efficiently, knowledge and culture 
were emphasised as important factors.  

Initially, participants indicated that they had not previously reflected on 
the issue of cold exposure. Knowledge (especially regarding clothing) 
was seen as something you just know, as common knowledge if you lived 
and worked in the northern parts of Sweden. Most (89%) of the 
participating workers had been living in northern Sweden for over 20 
years (Paper II–Table 1). The results from the interviews (Paper IV) 
highlighted that experience was among the most common ways of 
learning to protect oneself from cold exposure. Managers also expressed 
in the interviews that they were confident that the workers knew how to 
protect themselves. This reflection was also made in the managers' 
survey, where all managers believed that workers had adequate (45%) or 
somewhat adequate (55%) knowledge regarding how to protect 
themselves from cold exposure. Among the workers, 61% reported 
adequate knowledge of protection against cold exposure when asked the 
same question in the survey (Paper II). Results from the interviews 
(Paper IV) also indicated that education and staff training did not 
include handling cold exposure, nor did they address the proper use of 
clothing or the principle of layer-on-layer techniques. The layer-on-layer 
technique is discussed in more detail in the Discussion section. 
Providing education on these issues, along with information on health 
and exposure limits, was identified as an important driver of improved 
knowledge of cold risk management.  

The cultural and psychosocial aspects of the workplace were discussed as 
factors influencing cold risk management. In the interviews (Paper IV), 
participants indicated that self-management and autonomy were 
beneficial for handling cold-related risk. The results from the survey 
(Paper II–Table 2) showed that 75% of preschool workers, 56% of park 
and maintenance workers, and 39% of power grid workers agreed with 
this statement about feeling in control and having influence over how 
much time they spend outside during a workday. Managers explained 
that they had decision space regarding SAM. Results from Paper IV 
indicated that structural conditions and staff shortages limit workers' 
self-management and autonomy. Cultural aspects, such as wanting to do 
a good job (e.g., not complaining, peer pressure, and macho culture), 
could lead to cold-related conduct dilemmas, which in turn could be 
barriers to successful cold risk management. To include standing items 
on the overall risk management agenda regarding cold exposure, 
participants promoted that daily dialogue about cold exposure and not 
taking knowledge for granted should be included (Paper IV).  
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Correlation between subjective and technical cold 
exposure assessment 
The technical measured proportion of ambient cold exposure (≤10°C) 
ranged from 2% to 78% of the measurement period (Paper II–Table 3). 
There was a statistically significant (positive) correlation between the 
subjective self-rated survey items and the temperature measurements 
(Table 6). The correlation for the survey item regarding the day of the 
measurement was higher than for the item about the general scenario. 

Table 6. Correlation between subjective and technical cold-exposure 
assessments.  

 All Preschool Park and 
maintenance 

Power 
grid 

Male Female 

 r  
(p-value) 

r  
(p-value) 

r  
(p-value) 

r  
(p-value) 

r  
(p-value) 

r  
(p-value) 

Proportion of 
cold-exposed 
working time 
in general 

0.49 
(<0.001) 

0.09  
(0.500) 

0.24  
(0.185) 

0.08 
(0.702) 

0.22 
(0.119) 

0.35 
(0.003) 

Proportion of 
cold-exposed 
working time 
during the 
day of 
measurement 

0.58 
(<0.001) 

0.33  
(0.009) 

0.38  
(0.033) 

0.69 
(<0.001) 

0.52 
(<0.001) 

0.42 
(<0.001) 

Sex and Gender–Specific Considerations 
Throughout the various papers, sex and/or gender have been 
emphasised. Previous research reported in Paper I showed that male 
subjects comprised a large share of the study sample and that 
assessment tools were originally developed for male anatomy. 
Comparisons between sexes and gender issues have not been the focus of 
any of the peer-reviewed articles included in the scoping review. 
Regarding the grey literature (Appendix 2), all studies referred to general 
information (regardless of sex or gender), except one, which specified 
effects on pregnancy and on working in hot or cold environments 
(Appendix 2–NTNU, 2023). 

Results from Paper II show that female workers have a higher tendency 
(though not significant) to report feeling cold at work than male workers. 
The technical measurements showed that male workers (229 min, 28%) 
had a longer duration of cold exposure over a full workday than female 
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workers (82 min, 19%). Female participants, on average, had a higher 
step count (18 steps/min) than male participants (16 steps/min). In 
addition, female workers reported significantly greater thermal 
discomfort in the whole body, face, and feet than male workers (Paper 
III–Table 2). However, no statistically significant differences in health 
outcomes were found between the sexes (Paper III–Table 3). 

In Paper IV, differences were observed in the availability of full 
protective clothing, particularly women's clothing, in male-dominated 
markets. But it was not only the availability in assortments that would 
vary; structural conditions would also create inequalities between 
gendered work sectors. The findings refer not only to sex but also to 
gender norms and culture within the structure.  
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Discussion  

General impacts of occupational cold exposure 
This thesis main aim is to advance knowledge of occupational cold 
exposure by investigating its extent, associated health, comfort and 
performance outcomes, and current risk management practices, while 
identifying key knowledge gaps and potential solutions. Previous 
literature shows two sides of the same coin. On the one hand, the 
findings from peer-reviewed articles (Paper I) showed that the technical 
and theoretical scopes of cold risk management are most common. 
However, previous literature does not adequately consider exposure 
rates, multiple influencing factors, subjective experiences, or the 
adoption of practices. This indicates that current procedures are 
inadequate to keep workers safe and healthy. On the other hand, the grey 
literature consisted mostly of guidelines, information, and practices for 
keeping individuals safe. The grey literature may fill gaps in good 
practical strategies, yet it lacks substantial transparency regarding 
rigorous research methods, source management, and critical evaluation 
of sources. Although government research institutes have provided some 
information, to my knowledge, there is no legislation addressing 
temperature limits, exposure duration, or cold-risk management for 
outdoor work. This data gap increases the risk that policy and decision-
makers will overlook these hazards. 

Results show that substantial cold-exposure durations occur in common 
occupational sectors in northern Sweden. Cold-exposed workers report 
thermal discomfort, decreased performance, and increased adverse 
health effects due to a lack of awareness, guidance, and protective 
clothing. Within the Swedish context, specific guidance on cold risk 
management is lacking. The employer is responsible for assessing 
potential cold-related risks and managing them to prevent or reduce 
health harm at work [53]; hence, the results of this thesis showed that 
the lack of organisational guidance leaves the individual to self-
management.  

In this part of the thesis, the findings have been discussed using the 
structure provided by the HTO model [56] to enhance understanding of 
the practical implications of cold risk management. However, as the 
findings emphasise a lack of structure and guidance, the discussion will 
begin within the organisational subsystem.  
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Organisation–Structure, Equity, and 
Management 
The organisations included in this thesis are all part of the public sector, 
meaning that they are owned, funded, and operated by the government. 
Sweden is a unitary state with a decentralised governance model built on 
three main levels: national, regional and local [83]. All participating 
organisations in this thesis, except one, which is nationally governed, are 
municipal organisations. They are structured after a local self-
government framework, regulated by the constitution and the Local 
Government Act, and developed by elected decision-makers and 
committees. Local self-governance offers many advantages over 
centralised governance, such as decision-making closer to citizens and 
employees, greater efficiency in addressing local needs, and swifter 
decision-making. However, it can also bring disadvantages, such as 
uneven service quality across regions, capacity limitations, and the risk 
of demographic inequalities [84].  

Within this thesis, the structural composition was similar across sectors, 
and the governance hierarchy would extend beyond the first-line 
manager. What became apparent from the interviews in Paper IV was 
that managers had the autonomy to govern the given workplace budget, 
recruitment and work environment. All managers described how they 
follow the regulated requirements of SAM and have the final say on 
preventive risk management actions, provided they stay within the given 
budget. Previous research [85] describes the concept of decision space 
and how it can constrain authorities' ability to exercise real power to 
influence decision-making. For example, having responsibility without 
resources, not receiving enough support, or the cultural context could all 
hinder managers' discretion.  

In a local self-governed organisation, where structures and rules are set 
high up in the hierarchy, resources depend on political premises and 
governance regulations. Organisations may therefore receive limited 
structural guidance regarding suitable day-to-day risk management. 
Results from this thesis clearly show how structural conditions regarding 
clothing vary between occupational sectors. This was most apparent 
within the same municipality but across different sectors. Park and 
maintenance managers did not indicate any restrictions regarding 
preventive measures or clothing, whereas pre-school managers voiced 
both financial and political challenges. 
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The decision space described across the various occupational sectors in 
this thesis may serve as another example of the gender-segregated 
Swedish labour market [86]. Sjöberg Fossberg et al. [86] explain how 
workplaces and work tasks are shaped by stereotypical norms, leading 
workers to expect certain conditions and to believe that change is not 
possible, largely due to budget constraints. Gendered segregation and 
normative expectations create systemic inequalities by establishing rules 
and structures that limit the decision space available. Previous research 
has shown that rule-based structures can hinder decisions regarding 
(and the perceived discretion over) individual protective measures [87], 
thereby contributing to persistent inequality. 

There were no formalised risk management actions to prevent or reduce 
the impacts of cold exposure within any of the participating 
organisations. Cold risk management was thereby the individual's 
responsibility. However, simply delegating responsibility to self-
management is insufficient [88], as key components such as knowledge, 
support, decision-making space, and skills need to be fostered [89, 90]. 
When adapting or implementing a new risk management strategy, 
previous research indicates that managing new risks (i.e., risks not yet 
structurally managed) is easier when they are integrated into an existing 
risk management structure [91, 92]. However, knowledge and awareness 
of the issue become essential [93]. Formalised knowledge of cold risk 
management was unavailable to participants in this thesis, thereby 
complicating the development of structural solutions. The need to 
increase formalised knowledge should be addressed. The organisation's 
culture, values, and structure should also enable the identification of 
new risks and ensure that personnel are not afraid to ask for help [94].    

In previous research [95], it was found that insufficient time allowances 
limit cold risk management protocols. The main result was illustrated by 
the example of insufficient time to remove PPE before using the 
restroom. Although this thesis did not find conditions quite as severe, 
examples from the power grid and park and maintenance workers were 
discussed in relation to various cold-related dilemmas. These dilemmas 
could, for example, be deciding whether to continue working instead of 
taking breaks due to long distances to break rooms, which often results 
in increased exposure to cold. They also described situations where they 
had to deviate from PPE safety protocols due to conflicting structural 
conditions, such as a lack of heated spaces for changing clothes. When 
dealing with risk dilemmas, participants concluded that cold exposure 
was not identified as a risk and was therefore often not considered in 
these dilemmas.  
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To efficiently address cold-related problems, previous research indicates 
that the adoption and implementation of cold risk management should 
be systematically planned, structured, and supported with adequate 
resources within the overall risk management framework [93]. While 
increasing awareness is an important initial step, Risikko et al. [96] 
highlighted that sustained and effective management requires 
continuous management support and integration into everyday 
practices. Such efforts may necessitate major organisational changes, 
including adjustments to work schedules, staffing, and seasonal planning 
[96]. In addition, job rotation, which has also been shown to reduce 
ergonomic stress, may be a valuable strategy for mitigating risks 
associated with cold exposure [97, 98].  

Technology–Cold exposure assessments and 
management  
The results showed that, on average, a third of the workday was spent in 
a cold environment across the occupational sectors. To prevent adverse 
health effects and performance loss, technical assessments and solutions 
should be available for both the individual and the workplace.  

In this thesis, both technical temperature measurements and subjective 
self-reported assessments of exposure duration were used. The results 
showed a significant positive relationship between technical temperature 
measurements and survey-based items on cold exposure duration, 
suggesting that both assessment types capture exposure duration. 
Previous research has similarly found correlations between subjective 
and objective day-to-day measurements. Although Koch et al. [99] 
examined physical activity rather than temperature exposure, their 
findings indicate that self-reported measurements are more precise for 
single-day assessments than for multi-day assessments. They also 
showed that work tasks involving repetitive activities are easier to recall 
than those with greater variability. Exposure to cold climates (such as 
being outdoors) may therefore be relatively easy to remember. This 
suggests that subjective and objective methods can be suitably combined 
in one-day measurements. However, if survey items lack specificity (for 
example, unclear definitions of extreme weather or insufficiently 
detailed response options), they may fail to capture exposure accurately 
[99, 100].  
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Temperature alone does not sufficiently capture the complexity of the 
subjective experience of cold exposure or thermal comfort. A recent 
review by Yang et al. [39] highlighted that subjective reports of thermal 
sensation alone are insufficient for evaluating thermal comfort. 
Additional factors, such as wind, humidity, clothing insulation, and 
activity levels, as well as individual differences in metabolic rate and sex, 
need to be considered. Nevertheless, many current assessment tools 
overlook this multidimensional nature of thermal perception and rely 
too heavily on simplified measures of thermal sensation [39]. At the 
same time, objective or technical measurements alone cannot capture 
the complexity of thermal comfort. Therefore, achieving a 
comprehensive understanding and enabling accurate policy development 
requires both subjective and objective measurements [100]. 

In the literature search for this thesis, some assessment methods were 
mentioned more frequently than others. The IREQ model seems to be 
the most widely used for assessing the degree of cold exposure, followed 
by WCT, DLE, and UTCI, as well as various ISO standards for risk 
assessment of cold exposure and thermal comfort (some of which 
include the previously mentioned cold risk assessment methods). Some 
more user-friendly tools have been developed in recent years [101] based 
on the previously mentioned models, to help prevent cold-related 
injuries. Yet none of these seems to be able to grasp the 
multidimensionality of thermal perception [39]. Therefore, the concern 
remains: do these standard models, especially since they are developed 
to represent a standard person without considering individual factors 
such as sex, health or fitness, benefit the individual? 

To reduce and prevent cold risks, several technical measures are outlined 
in ISO 15743:2008 [12]. For example, to build heated recovery shelters, 
select insulated tools designed for cold conditions, minimise slippery 
surfaces, and minimise contact with cool materials. Previous research 
[102] demonstrated the effectiveness of an infrared heating system in 
keeping fingers warm in cooled storage areas where computers were 
used. To mitigate occupational and cold-related risks, one key promoter 
is knowledge [93, 103]; another is proper dressing [26]. Previous 
research [104] highlighted employees' lack of training and knowledge 
regarding the correct use of PPE. Results from this thesis indicate that 
participants have not received formal training regarding PPE or other 
preventive measures for cold exposure. Preschool workers received the 
least amount of PPE, lacking shoes, hats, or gloves, and none of the 
occupational sectors had formalised routines for PPE maintenance, 
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which, according to Swedish legislation, AML, and guidance in AFS 
2023:11, Chapter 15, 16§ [105], should be in place.  

For this reason, I have compiled the grey information from the scoping 
review and verified it through the research below to provide a how-to-
dress guide (Appendix 1). For protection against cold exposure, the 
layman's term ‘layer-on-layer’ is frequently used when discussing 
clothing. The results showed that most participants considered this to be 
common knowledge. However, a third of all participants still felt cold at 
work, especially among females, suggesting a need for this how-to dress 
guide.  

The ‘layer-on-layer’ technique includes at least three separate layers for a 
functional cold-protective clothing ensemble. The layering system allows 
flexible adjustments to clothing based on thermal conditions and activity 
levels. During higher levels of physical activity or in warmer conditions, 
insulation can be reduced by removing layers, whereas in colder 
conditions, additional layers can be added to maintain adequate thermal 
protection.  

The right kind of material for the various layers is of great importance 
for cold-protective clothing and for sufficient insulating properties [106]. 
Insufficient thermal insulation will cause the body to cool, whereas 
excessive insulation will cause sweating and subsequent cooling (during 
light physical activity or when resting in the cold). The primary function 
of the innermost layer is to transport moisture away from the skin to 
keep it dry. Suitable materials include wool, which retains its insulating 
properties when damp, as well as synthetic fibres such as polypropylene 
[106]. The second layer can consist of several different insulation layers; 
the key is that it should trap air. Porous fabric construction, like wool or 
fleece, is recommended [106]. The outer layer should protect you from 
the external environment, wind, and moisture, while still being 
breathable enough to allow sweat to evaporate, such as a permeable 
fabric. Nylon/cotton composite and laminated nylon have been shown to 
fulfil these requirements [107].  

However, it is not only the right materials that are important. Water 
vapour permeability and thermal insulation also increase with an 
optimal air layer; therefore, clothing size is important for maximising 
protection against cold [108]. Tirloni et al. [97] emphasised the 
importance of regularly replacing PPE to ensure proper functionality and 
maintain adequate insulating properties. This further highlights the need 
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for formalised routines regarding clothing maintenance and 
replacement.  

Although clothing insulation is essential, it can also impose certain 
functional constraints. Participants in this thesis reported that only a 
certain number of clothing layers could be worn before movement 
became restricted, particularly hand movements when wearing warm 
gloves. To determine the required insulation, the IREQ model is used; 
typically, 1–4 clo is used for protective clothing [109, 110]. Depending on 
factors such as air temperature, wind, humidity, activity level, and 
exposure duration, the need for insulation varies. Above 4 clo can imply 
practical constraints on mobility and increase sweating during physical 
activity [109]. For extremities (e.g., fingers, hands, and toes), higher 
insulation might be required to maintain thermal comfort and prevent 
cold-related health problems [110]. A thermal glove with a removable 
liner can be advantageous, as the liner may be used alone for short 
periods when tasks requiring fine manual dexterity need to be 
performed. 

The main purpose of work shoes is to keep workers safe from 
occupational risks, and the concept of workwear and protective clothing 
is further differentiated in AFS 2023:11, Chapter 15, 3§ [105]. In this 
thesis, preschool workers were seldom provided with shoes, perhaps 
because shoes were considered normal footwear rather than protective 
footwear and therefore were not included in procurement. Although 
winter boots' main purpose is to prevent cold injuries and slips, the risk 
of cold seems to be less valued than other risks. Participants explained 
the importance of steel-capped shoes for preventing injuries. However, 
these shoes have a cooling effect on the feet, increasing the potential risk 
for discomfort and cold-related injuries. Thus, it is important to conduct 
thorough risk assessments and identify appropriate preventive measures 
and practices to avoid introducing additional risks.  

Furthermore, during the development of Appendix 1, it should be noted 
that previous studies have shown that outdoor workers in extreme 
environmental conditions (including Scandinavia) are at risk from high 
ultraviolet radiation reflected by surfaces such as snow and ice and 
should take appropriate precautionary measures [111, 112]. 
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Human–Culture, Health, and Performance  
The results showed how cold risk management is up to the individual to 
self-manage. This division of responsibility has also been observed in a 
recent study in Greenland, where workers accept the lack of regulations 
and the normalised culture of one's own failure if accidents occur [113]. 
Within the Swedish context and culture, cold climates were seen as 
common knowledge, something everybody just knows. However, most 
participants had not considered climate a risk factor, fostering an 
accepting, individualistic culture of self-management. This creates a gap 
between knowing and doing, in which awareness and education, as well 
as acknowledging the risk, are important first steps in managing it. 

Cold exposure and the subjective experiences of health and comfort were 
emphasised by participants as highly individual. Yet similarities could be 
seen between occupations and sexes. Findings from this thesis align with 
previous research [114–116], which indicates that cold-related symptoms 
are common among outdoor workers exposed to temperatures below 
10°C. While cold-related symptoms do not necessarily indicate actual 
health effects, this thesis found a high prevalence of both reported 
Raynaud’s phenomenon and cold sensitivity. Previous studies from other 
occupational groups, including petroleum transfer workers [117], 
mechanics [118], open-pit miners [119], and food industry workers [120], 
have shown that a high prevalence of health risks is associated with 
prolonged exposure, particularly when exposure exceeds 2 hours per 
day, which is also the case in this thesis. In addition, protective clothing 
for exposed workers did not provide adequate insulation during 
exposure [117–120]. Climate change and associated health risks have 
also been outlined, along with protective strategies for construction 
workers, including policy integration, regulatory standards, scheduling, 
educational programs, rest facilities, and protective technologies [121]. 
The reported negative impact on performance in this thesis also aligns 
with previous research indicating that prolonged cold exposure impairs 
cognitive performance [122, 123]. 
 
In this thesis, females reported a higher prevalence of feeling cold at 
work than males, which aligns with findings from previous research 
indicating that female workers tend to be more sensitive to cold than 
males [124, 125]. Research has also shown that females report more 
bodily symptoms than males [126]. Results support that biological sex 
appears to affect thermal comfort and symptom reporting and should 
therefore be considered in cold risk management practices.  
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Experiences of cold exposure and thermal comfort vary notably 
depending on work tasks and duration of exposure [127, 128]. For 
instance, park and maintenance workers spend nearly half their workday 
outdoors, often performing physically demanding tasks such as snow 
shovelling, installing lights, or trimming vegetation. Despite this, a 
significant portion of their outdoor time was spent sitting still, which 
may increase susceptibility to cold and the reporting of feeling cold at 
work. 
 
However, power grid workers spend the largest share of their workday 
outdoors, conducting work tasks such as routine maintenance and 
emergency response, including clearing fallen trees and addressing grid 
disruptions, yet reported the lowest prevalence of feeling cold at work. 
Preschool workers, on the other hand, spent the least amount of time 
outdoors and the least time sitting, as their work tasks involved actively 
engaging with children in various outdoor activities to support well-
being and learning, such as building snow figures, ice skating, and 
sledging. Despite this, preschool workers still reported a higher 
prevalence of feeling cold at work than power grid workers. These 
findings indicate that different occupational routines lead to diverse 
experiences of cold exposure and thermal comfort. Given differences in 
work tasks and thermal comfort experiences, it is essential to adapt 
preventive measures that address both occupational demands and 
individual variability [38].  
 
Even so, it is not just activity and work tasks that need to be taken into 
consideration. Cultural differences are also apparent. Within the power 
grid and the park and maintenance sector, the culture tends to focus on 
technical risks, such as machine functions and limitations, and 
sometimes even on a ‘macho’ attitude. Whereas in the preschool sector, 
the cultural emphasis was primarily on the children's well-being. 
Furthermore, managers in the park and maintenance and power grid 
sectors often described a greater degree of discretion in their decision-
making than preschool managers did. Cultural differences, together with 
the organisational context and work pressure, have previously been 
shown to affect perceived discretion in Sweden [87].  
 
As previously mentioned, the gendered labour market in Sweden is 
evident even in this thesis. Not only do adverse health effects and 
thermal comfort differ between the sexes, but the availability of clothing, 
especially designed for biological differences, is also limited. These 
differences between the sexes indicate that risk management should take 
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gender into account and that individual human factors, as well as work 
tasks, are important to the overall picture [56]. 

Risk assessment and management in practice 
In this thesis, combined knowledge from both field measurements and 
the literature has painted a picture of the complex issue of working in 
cold environments and left us wondering: what shall one do?   

Within the public sector, risk management procedures may be 
constrained by budgetary limitations and policy frameworks. The market 
for clothing and assessment tools may be limited, and gender-related 
disparities may go unnoticed.  

Improving cold risk management practices within an organisation can be 
difficult, but using the holistic framework of the HTO model can help 
organisations identify issues for improvement and translate this 
information into viable activities and solutions [58]. For the successful 
implementation of cold risk management, several important key factors 
have been identified by Risikko et al. [93]. These included visible, 
concrete development activities to improve awareness and motivation, 
the organisation's commitment to and ownership of the process, and the 
necessary resources and support from internal and external experts [93]. 
To minimise cold-related injuries and ill health, cold risk management 
actions should be incorporated into the existing risk management plan 
[91, 92]. 

To further support organisations with adapting cold risk management, I 
have compiled a combined guide from the grey literature found 
(Appendix 1). However, these recommendations should not be 
interpreted as evidence-based guidelines. Rather, they represent a 
synthesis of recommendations identified in the grey literature and are 
structured according to the HTO perspective and principles of 
occupational risk management.  

Methodological considerations 
This thesis consisted of three different methodological approaches to 
capture the complexity of cold exposure and cold risk management. The 
strengths and limitations of the methodology used in this thesis will be 
discussed in this section. 
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Scoping review design  
To describe the existing empirical evidence on cold risk management 
(Paper I–Aim), a literature review was a suitable design. A scoping 
review was chosen because the design objective was to map a broader 
exploratory research question rather than to answer a specific one. Like 
a systematic review, a scoping review uses a systematic framework to 
identify gaps in the literature and research fields, and to find key 
concepts, theories, or sources of evidence. A scoping review, however, is 
not limited to specific sources, meaning that grey literature, such as 
government documents, books, or organisational policies, is not 
excluded by default. This helps summarise complex and heterogeneous 
fields and provides a broad overview that is useful to decision-makers 
and policymakers [129].  
 
To strengthen our review, a comprehensive search string was developed 
with the assistance of Eirik Reierth, PhD and Senior Academic Librarian 
at UIT, who specialises in conducting literature reviews. This 
comprehensive work also enabled the search to be repeated several years 
later, providing an updated overview of the available evidence for this 
thesis. However, some limitations should be acknowledged. Differences 
among databases and their capabilities for advanced search strings could 
limit the number of references found. Moreover, studies addressing 
multiple exposure factors, such as wind effects, moisture, 
acclimatisation, or risk-warning tools, might have been overlooked. 
Notably, a review of the reference lists of the included studies did not 
identify any additional unique records.  
 
For the grey literature search, Google Scholar was used as a search 
engine. Google's algorithm prioritises results based on predicted user 
relevance, incorporating factors such as the domain's geographical 
origin. Consequently, search results may be biased or skewed. Language 
restrictions may also have limited the scope of the review, as 
publications in languages other than English or Scandinavian are more 
difficult to identify, particularly for policy documents.  

 
The review process followed a systematic procedure throughout. 
Supported by the online software Covidence, blinded assessments by 
multiple reviewers were possible, minimising the risk of subjective 
biases such as selection, reviewer, or confirmation bias.  
 



45 
 

Cross-sectional design 
A cross-sectional study design was chosen as an appropriate method for 
the second and third papers because it collects data at a specific point in 
time to describe characteristics of exposures and prevalence of health 
effects [130]. By including technical measurements (in the field) and 
survey items describing working in cold conditions (Paper II), as well as 
the prevalence of health effects from cold exposure, thermal comfort, 
and performance (Paper III), an overview of the status was provided. A 
key methodological strength was the use of established, previously tested 
survey items, which allows the findings to be situated within the context 
of prior research. However, most items had not been formally validated. 
Another strength was the use of both objective technical measurements 
of temperature and physical activity, combined with subjective self-
reported survey items, to provide a robust and comprehensive 
understanding of this complex matter.  

The sample for technical measurements and surveys was recruited by 
occupation and location to investigate cold exposure across male and 
female professions. By selecting three occupations not previously 
represented in cold-exposure research, these studies have added value to 
the field. To minimise selection bias, recruitment and information were 
obtained directly from participants, not through management. 
Information regarding confidentiality and anonymity was maintained 
throughout the process. However, I do acknowledge the potential for 
selection bias and the healthy worker effect due to the volunteer sample, 
as well as the relatively small sample size, which increases the risk of a 
type 2 error (false negative).  

Regarding the technical measurements, there is a limitation in 
conducting single-day assessments to capture day-to-day variations. To 
prevent systematic bias, participants' measuring days were pre-
determined and spread out over six months. The risk of participants 
being influenced by the temperature in their activity and survey 
responses will always be present; however, the participants reflected on 
whether the measuring day was typical for the season, which it seemed 
to be. 

The temperature loggers were attached to the jacket zipper. This 
placement was most convenient because participants' clothing varied 
across the available placement areas. However, what should be 
emphasised is that this placement comes with some limitations. Two test 
measurements were taken by two participants, with one logger attached 
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to the jacket zipper and another to the thigh pocket zipper. Comparisons 
between the two measurements were made, and the two placements 
were overall similar, differing by about 1℃. The thigh-located logger 
generally recorded lower temperatures than the jacket-located logger; 
however, it also showed greater variability because it could be covered by 
the jacket, which could register higher temperatures. For convenience, 
the jacket placement was chosen, with the understanding that 
temperatures might vary due to the participants' breathing zone.  

Regarding ActivPal use, limitations were identified, including the 
inability to record activities involving heights (e.g., climbing) and heavy 
lifting. In addition, data on wind, moisture, and the thermal insulation of 
clothing worn (including hands and feet) would have been beneficial, as 
these factors have been reported to influence participants' thermal 
perception.  

To increase generalisability, a larger sample that expanded beyond 
northern Sweden would have been beneficial, but this was not possible 
for this project. The sample size was also limited by available resources, 
which affected statistical power. This study design enables further 
investigation into cold risk management and contributes novel findings 
to the field of occupational health.  

Qualitative design                                                                                    
For Paper IV, a qualitative design was used to allow participants’ 
experiences to take centre stage [131]. By using a Socratic (open-ended) 
interview approach [132], new insights were gained into how 
participants perceive their work environment. This was particularly 
evident regarding outdoor cold work, the work environment, and 
preventive measures. The aim was to explore adaptations of cold risk 
management practices. This design was considered appropriate because 
it allowed individuals to speak freely about their experiences without 
peer influence. In hindsight, additional observation could have helped 
identify inarticulate and informal protective behaviours and strategies 
used by workers to manage cold exposure. 
  
To enhance trustworthiness throughout the qualitative study, several 
measures were undertaken [76]. A large sample across the three 
occupational sectors, with representation from both managers and 
workers, was included. To explore a more holistic view of the experiences 
and eventual variations between positions. By purposively sampling 
voluntary participants, we reduced self-selection bias and power 
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imbalances. There is, however, always a risk that participants (especially 
workers) will not feel confident or safe enough to express discontent with 
managers or with the handling of risks. Nor for the managers to speak 
freely, but only to restate policies, not actual practices. As an interviewer, 
it became important to build trust and ensure confidentiality for all 
participants, allowing them to speak freely while keeping them on topic. 
To mitigate the risk of shaping interviews by the pre-understanding I, as 
an interviewer, have or obtained throughout the process, a semi-
structured interview guide was used.  

Limitations of qualitative content analysis largely include subjectivity 
and research bias [77]. Therefore, multiple authors independently 
reviewed the transcripts throughout the process, and close collaboration 
was maintained during transcription, coding, and analysis. 
Trustworthiness was further supported by joint discussions of themes 
and categories to ensure consistency with participants’ accounts and by 
the use of illustrative quotations [133]. Interpretations of interviews are 
context-dependent and can limit transferability. However, we believe 
that the homonormative stories told by participants across various 
occupational sectors, together with detailed descriptions of the sample 
and analytic process, have facilitated readers’ assessment of 
transferability.  
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Conclusion 

This thesis showed that responsibility for managing cold risks is borne 
predominantly by individuals rather than organisations. The adverse 
health effects from substantial cold exposure need to be mitigated. It is 
therefore desirable to shift cold exposure from a taken-for-granted 
condition to a recognised occupational health issue, and from individual 
self-management to an organisational approach, to ensure adequate 
protection for outdoor workers in northern Sweden.  

 
Formalised knowledge and the incorporation of cold risk management 
practices are lacking. Previous research has mainly focused on technical 
risk assessments rather than on the adoption of strategies. Research also 
shows inadequate protection for workers and a limited emphasis on sex 
dependent differences.  
 
Study participants spent an average of 29% of the workday (2.2 h) 
working in temperatures below 10℃, with a mean activity level of 17 
steps per minute. About one-third of all participants often or always felt 
cold at work. However, no occupational or individual factors were found 
to significantly influence this experience. An association between cold-
related discomfort and increased reporting of musculoskeletal 
symptoms, cold sensitivity, and performance outcomes, including 
decreased concentration and mobility, was found.  
 
Lack of structured guidance and procurement created inequalities 
between the different occupational sectors, even within the same 
municipality's governance. This left the responsibility for protection to 
the individual, increasing the cold-related risks for the specific 
occupation, sex, or individuals, but also the injustice between gender, 
cultural backgrounds, and socioeconomic status.  
 
The results indicate that current approaches fail to account for individual 
differences, especially sex and gendered work differences. Females 
reported cold exposure and insufficient protection more frequently than 
males, raising questions about whether equality-based policies are 
insufficient when protective strategies rely on individual equipment. The 
gendered issues identified in this thesis suggest the need for more 
equity-oriented solutions, including better-adapted, more readily 
available PPE for all outdoor workers, tailored to various work tasks and 
individual differences.  



49 
 

Implications and future prospects  

A key implication is that current risk assessment and management 
practices do not appear to provide sufficient practical guidance for 
managing cold exposure. Although guidelines for cold risk management 
exist [12], both awareness of these and their practices appear to be 
limited. This suggests a need for greater dissemination of existing tools, 
improved training among OHS professionals, and more explicit 
integration of cold exposure into already existing risk management 
systems. Additionally, educational initiatives targeting both 
organisations and workers should be developed and implemented to 
mitigate risks. To advance the expansion of cold risk management, the 
guide (Appendix 1) was compiled from the grey literature search. 
Findings from this thesis have been added to assist employers and 
employees in managing cold-related risks. 
 
Many participating organisations initially reported that they had never 
considered the outdoor climate a risk factor for adverse health effects. 
Yet, when discussions began, many unmanaged issues became apparent, 
and strong interest from both organisations and the wider public 
emerged during the cold spell of 2024, indicating the need for knowledge 
and awareness. 
 
Cold risk management strategies need further development and 
adoption, including preventive measures, training, and preparedness for 
varying weather conditions in occupational settings. There is a research 
need for co-creation and implementation studies to accommodate 
organisational and individual variations. Adaptive and holistic measures 
should be integrated, including factors such as work culture, economic 
conditions, and self-care, which should be as important as introducing 
new technical measures.  

 
Looking forward, future research should continue to expand and update 
the evidence base. Further research should develop and improve 
assessment tools, especially usability research for efficiency in everyday 
outdoor activities. Also, risk management approaches that account for 
individual differences to better address occupational cold risks should be 
further researched. To investigate possible long-term health effects from 
cold exposure, longitudinal cohort studies are needed. To comprehend 
the potential interrelations between individual exposures and 
experiences of cold exposure, together with the combined physical 
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exposures, such as specific work conditions (vibrations from tools and 
working at heights) and individual factors, mixed methods designs are 
needed. 
 
With climate change and increasing weather variability, the 
responsibility to educate, protect, and prevent adverse health effects in 
occupational settings has become urgent. Cross-border collaborations 
with Nordic and Arctic regions offer opportunities to strengthen 
knowledge exchange, which policymakers and OHS systems need to 
support organisational development to prevent occupational cold-related 
health effects. Sustainable development in Arctic regions will depend on 
recognising these risks to create resilience and preparedness for 
managing an unpredictable, changeable work environment.   
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Appendix 1–Recommendations for Cold 
Risk Management 

Working in cold environments can pose risks for health, safety, and work 
ability. Exposure to cold can contribute to acute conditions such as 
hypothermia and frostbite, but it can also affect chronic conditions such as 
obstructive airway disease, ischemic heart disease, and musculoskeletal 
disorders. Finally, exposure to cold affects thermal comfort, performance, 
concentration, and the risk of accidents. Therefore, the employer is 
responsible for identifying, assessing, and managing cold-related risks as 
part of systematic work environment management.  

 
An effective preventive approach requires more than individual protective 
measures. Risks need to be managed through a combination of 
organisational, technical, and individual measures. The following practical 
guide for employers is presented from an HTO (Human–Technology–
Organisation) perspective, focusing on preventing ill health and accidents, 
and improving workers’ conditions in cold environments.  

 
Note: These recommendations should not be interpreted as evidence-based 
guidelines. Instead, they constitute a synthesis of the grey literature.  

 
Human: Workers’ risks associated with working in cold environments can 
be reduced by: 

 
• Using the provided clothing and protective equipment as intended. 
• Applying the layering principle (layer-on-layer). 
• Adjusting clothing according to activity level and weather 

conditions. 
• Taking regular heated breaks to stay warm and dry, removing shoes 

and changing wet/sweaty clothes and socks.  
• Being attentive to signs of hypothermia or local cold injuries, 

monitor symptoms (shivering, numbness, confusion) in themselves 
and co-workers, for example, using a buddy system.  

• Reporting incidents, discomfort, and deficiencies in protective 
equipment.  

• Maintaining adequate fluid and energy intake, for example, by 
drinking warm, sweetened, non-caffeinated liquids. 

• Use caution when entering/exiting machinery. 
• Avoid touching cold metal. 
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Technology: The employer needs to design workplaces, equipment, and 
aids to reduce cold-related risks by providing: 

 
• Heated spaces and shelters, wind protection, and heated vehicles. 
• Warm and dry facilities; possibilities to dry and change clothes 

during the work shift and opportunities to warm and dry hands 
and feet. 

• Ice and snow removal and gritting walkways.  
• Routines to avoid height work unless essential; de-ice and insulate 

steel platforms. 
• Insulation of cold surfaces and equipment.  
• Adaptation of protective equipment, tools, and machinery for cold 

environments. 
 

Organisation: The employer needs to ensure that there are systems and 
procedures in place to: 

 
• Integrate cold-related risks into the already existing systematic 

work environment management. 
• Carry out repeated risk assessments of work in cold conditions 
• Manage work in extreme cold, strong winds, and precipitation 
• Plan work hours, breaks, and job rotation to minimise cold 

exposure, including adjusted workloads to avoid sweating, 
increased warm-up breaks during extreme cold, or added time for 
adapting clothing. 

• Provide training for all employees and an acclimatising 
introduction for new hires. The training should include common 
cold-related stress symptoms, preventive measures, and 
emergency actions for hypothermia, frostbite, immersion 
foot/trench foot, and chilblains. 

• Provide appropriate work clothing and personal protective 
equipment with the right insulation properties and materials for 
the season. 

• Ensure proper use, maintenance, storage, drying, and replacement 
of work clothing and protective equipment. 

• Ensure that different protective systems work together (e.g., 
helmets, hearing protection, eye protection, and cold protection). 

• Offer medical examinations for cold-related injuries when 
necessary. Monitor workers’ health conditions with a focus on cold 
injuries. Extra caution for workers with lung or heart disease, 
diabetes, and thyroid disease. 
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Clothing & PPE 

• Clothes and shoes should be appropriately sized (loose fit) to be 
able to provide air spaces that insulate between clothing layers.  

• Use the layer-on-layers principle and avoid cotton as it collects 
moisture. 

• Carry spare dry clothes for additional insulation layers or changing 
wet clothes. 

• Use insulated gloves/mittens, wear a liner for fine motor skills 
tasks when the outer shell must be removed. 

• Provide waterproof insulated boots (size up for ensuring air layers 
and additional insulation socks). Avoid steel caps if possible. 

• Remove shoes during breaks to avoid sweating. Dry/change socks.  
• Use hats/hoods, balaclavas, neck and face warmers (if needed). 
• Use UV protection for eyes. 
• Keep clothes clean to maintain cold-weather protection properties.   
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Name Country Organisation Content Title 
ACAS Great 

Britain 
public advisory 
body 

guidance extreme temperatures in the workplace 

https://www.acas.org.uk/extreme-temperatures-in-the-workplace 

Arbeidsmiljøloven – AML Norway government legislation lov-2005-06-17-62 
https://lovdata.no/dokument/nl/lov/2005-06-17-62 

Arbeidstilsynet (Norwegian 
labour inspection authority) 

Norway government 
authority 

regulatory 
guidance 

temperature – heat and cold in the workplace 
(temperatur – varme og kulde på jobben) 

https://www.arbeidstilsynet.no/tema/temperatur/ 

Arbetarskyddslag Finland government legislation 736/2002 
https://www.finlex.fi/sv/lagstiftning/2002/738 

Arbetet Sweden union media news article cold at work – how to cope with the cold (kallt 
på jobbet – så klarar du kylan) 

https://arbetet.se/2021/01/28/kallt-pa-jobbet-sa-klarar-du-kylan/ 

Arbetet Sweden union media article 7 things you need to know for working in cold 
storages (7 saker du behöver veta om att jobba i 
frysrum) 

https://arbetet.se/2019/03/14/7-saker-du-behover-veta-om-att-jobba-i-frysrum/ 

Arbetslivsinstitutet (former 
Swedish research institute of 

occupational health)  

Sweden former research 
institute 

report the thermal climate in the workplace (det 
termiska klimatet på arbetsplatsen) 

http://nile.lub.lu.se/arbarch/arb/2006/arb2006_02.pdf 

Arbetsmiljölagen Sweden government legislation 1977:1160 
https://lagen.nu/1977:1160 

Arbetsmiljöupplysningen Sweden information 
provider 

guidance Cold at Work (kallt på jobbet) 

https://www.arbetsmiljoupplysningen.se/amnen/kallt-pa-jobbet/ 

Appendix 2–Grey literature references 

https://lagen.nu/1977:1160
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Name Country Organisation Content Title 
Arbetsmiljöverket (Swedish 

labour inspection authority) 
Sweden government 

authority 
guidance risks associated with cold (risker med kyla) 

https://www.av.se/inomhusmiljo/temperatur-och-termiskt-klimat-pa arbetsplatsen/risker-med-kyla/ 

Bahnhof Sweden private company guidance pdf cooling of the body (nedkylning av kroppen) 
http://privat.bahnhof.se/wb148705/stigin/wx/wx-info/nedkylning_av_kroppen_180228lek.pdf 

CBIA – Connecticut business & 
industry association 

USA industry association guidance 
article 

cold weather: prepare your workforce 

https://www.cbia.com/news/hr-safety/cold-weather-prepare-workforce/ 

CCOHS (Canadian information 
centre for occupational health) 

Canada government 
authority/ 
information body 

guidance cold environments – control measures 

https://www.ccohs.ca/oshanswers/phys_agents/cold/cold_working.html 

CDC / NIOSH (USA Research 
Institute of Occupational 

Health) 

USA government 
authority/research 
agency 

guidance about hierarchy of controls 

https://www.cdc.gov/niosh/topics/hierarchy/default.html 

CDC / NIOSH (USA Research 
Institute of Occupational 

Health) 

USA government 
authority/research 
agency 

guidance cold and work: types, causes, preparation 

https://www.cdc.gov/niosh/cold-stress/about/?cdc_aaref_val=https://www.cdc.gov/niosh/topics/coldstress/default.html 

Compendia24 Norway information 
provider 

labour law 
article 

What rights do I have when it gets too cold at 
the workplace? (hvilke rettigheter har jeg når 
det blir for kaldt på arbeidsplassen?) 

https://compendia24.no/hvilke-rettigheter-har-jeg-hvis-det-blir-for-kaldt-pa-arbeidsplassen/ 
 

Croner-i Great 
Britain 

information 
provider 

article Risk assessment and outside work: cold weather 

https://app.croneri.co.uk/feature-articles/risk-assessment-and-outside-work-cold-weather 
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Name Country Organisation Content Title 
Darlington Borough Council Great 

Britain 
local government guidance pdf working in cold weather 

https://www.darlington.gov.uk/media/11041/csa051-working-in-cold-weather-2018doc.pdf 

FFC Finland trade union 
federation 

news article work ability deteriorates quickly in cold 
conditions (arbetsförmågan försämras snabbt i 
kyla) 

https://www.sak.fi/sv/aktuellt/nyheter/arbetsformagan-forsamras-snabbt-i-kyla-bade-precisionen-och-tankeformagan-drabbas 

Flinders university Australia university WHS 
procedure 

working in extreme heat & cold 

https://www.flinders.edu.au/content/dam/documents/staff/policies/health-safety/working-in-extreme-heat-cold-procedures.pdf 

Forsvaret (Norwegian Defence 
Forces) 

Norway government body 
(military) 

guidance cold-weather injuries – and how to prevent 
them (kaldværsskader – og forebygging av 
dem) 

https://www.forsvaret.no/soldater-og-ansatte/soldat/kaldvaersskader-forebygging 

Fremia Sweden employer 
organisation 

guidance working in the cold (arbete i kyla) 

https://www.fremia.se/avtal--radgivning/arbetsmiljo/arbete-i-kyla/ 

Government of Alberta 
(provincial executive authority) 

Canada government body report best practice- working safely in the heat and 
cold 

https://open.alberta.ca/dataset/dc0a7530-64d4-481a-a0c9-2f1c7107d8db/resource/b6c78e81-c91c-4cd2-a244-
7b93c5862d6f/download/68946222014workingsafelyheatcold2014-07whs-pubgs006.pdf 

Government of Alberta 
(provincial executive authority) 

Canada government body guidelines working in extreme temperatures 

https://www.alberta.ca/working-extreme-temperatures 

Government of Canada (Canada 
executive authority) 

Canada government body guideline pdf thermal stress in the workplace  

https://www.canada.ca/en/employment-social-development/services/health-safety/reports/thermal-stress-work-place.html#h2.7-h3.4 
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Name Country Organisation Content Title 
Government of Nova Scotia 

(provincial executive authority) 
Canada government body guidelines 

pdf 
cold stress guidelines 

https://novascotia.ca/lae/healthandsafety/docs/cold-stress-guidelines.pdf 

HSA - health and safety 
authority (Ireland labour 

inspection authority) 

Ireland government 
authority 

news - safety 
alert 

construction safety in freezing weather 
conditions 

https://www.hsa.ie/eng/safety_alerts/2010/winter_construction_work_alert/ 

HSE (UK Labour Inspection 
Authority) 

Great 
Britain 

government 
authority 

regulatory 
guidance 

temperature in the workplace: cold stress 

https://www.hse.gov.uk/temperature/employer/cold-stress.htm 

Hultsfreds kommun Sweden municipality local 
guideline 

cold-weather outdoor routine (rutin för 
utevistelse vid kyla) 

https://www.hultsfred.se/artikel/rutin-for-utevistelse-vid-kyla/ 

ISO (international organisation 
of standardisation) 

international organization for 
standardization 

international 
standard 

iso 15743:2008 – cold workplaces — risk 
assessment and management 

https://www.iso.org/obp/ui/#iso:std:iso:15743:ed-1:v1:en 

J-stage journal Japan scientific journal academic 
article 

Risk assessment of cold work 

https://www.jstage.jst.go.jp/article/jhes/11/1/11_1_1/_article/-char/en 

kausvol gardsbarnehage Norway preschool news post cold weather and outdoor time (kaldt vaer og 
utetid) 

https://kausvol.barnehage.no/innhold/nyhet/200 

Lov om arbejdsmiljø  Denmark government legislation nr 2062 af 16.11.2021 
https://www.retsinformation.dk/eli/lta/2021/2062 

Lund university Sweden university thesis Identification and validation of risk factors in 
cold work 

https://www.diva-portal.org/smash/get/diva2:999262/fulltext01.pdf 
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Name Country Organisation Content Title 
Model apparel USA private company safety blog Workplace safety: Working in cold conditions 

https://modelapparel.com/blog/workplace-safety-working-in-cold-conditions-health-and-safety 

NSA Nordic Sweden industry association news article The right to personal protective equipment in 
cold conditions (rätten till personlig 
skyddsutrustning vid kyla) 

https://nsanordic.se/ratten-till-personlig-skyddsutrustning-vid-kyla/ 

NSW nurses and midwives’ 
association 

Australia trade union guideline pdf Guidelines on working in cold conditions 

https://www.nswnma.asn.au/wp-content/uploads/2023/08/guidelines-on-working-in-cold-conditions.pdf 

NTNU Norway university regulatory 
guidance 

Pregnant workers and work in heat or cold 
(gravide og arbeid i varme eller kulde) 

https://i.ntnu.no/wiki/-/wiki/norsk/gravide+og+arbeid+i+varme+eller+kulde 

Nøtteliten barnehage Norway preschool local 
guideline 

Information about the kindergarten’s practices 
on days with sub-zero temperatures 
(informasjon om barnehagens praksis på 
dager med minusgrader) 
https://nottelitenbarnehage.no/innhold/side/128435 

OH&S online USA industry magazine article Cold and winter weather-related workplace 
injuries 

https://ohsonline.com/articles/2020/02/11/cold-and-winter-weatherrelated-workplace-injuries-and-tips-to-prevent-them.aspx 

OSHA (USA labour inspection 
authority) 

USA government 
authority 

regulatory 
guidance 

Cold stress guide 

https://www.osha.gov/emergency-preparedness/guides/cold-stress 

OSHA (USA labour inspection 
authority) 

USA government 
authority 

guidance pdf Protecting workers from cold stress 

https://www.osha.gov/sites/default/files/publications/osha3156.pdf 
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Name Country Organisation Content Title 
Oslo universitetssykehus hf Norway public hospital news article Employees are not allowed to go into the freezer 

alone (ansatte får ikke gå alene på fryserom) 
https://oushf.wordpress.com/2018/11/27/ansatte-far-ikke-ga-alene-pa-fryserom/ 

PAM – service union united Finland trade union guidance Working in hot and cold environments 
https://www.pam.fi/en/working-life/guide-to-working-life/occupational-health-and-safety/working-environment/workplace-temperatures/ 

Prevent Sweden ohs collaboration checklist tool Air and temperature – checklist 26 (luft och 
temperatur – checklista 26) 

https://checklists.prevent.se/checklists/answers/26 

Prevent Sweden ohs collaboration article Seven tips for coping with the cold (sju tips för 
att klara kylan) 

https://www.prevent.se/arbetsliv/tips-och-rad/2019/sju-tips-for-att-klara-kylan/ 

Princeton University EHS USA university guidance Cold stress facts 
https://ehs.princeton.edu/workplace-construction/occupational-health/heat-cold-stress/cold-stress-facts 

RMT union Great 
Britain 

trade union guidance Working in cold weather 

https://www.rmt.org.uk/about/health-and-safety/health/working-in-extreme-weather/working-in-cold-weather/?preview=true 

Safe Work Manitoba Canada government safety 
agency 

guidance Working in cold weather 

https://www.safemanitoba.com/topics/pages/working-in-cold-weather.aspx 

Safety+Health magazine USA safety magazine article Working in a cold environment 
https://www.safetyandhealthmagazine.com/working-in-a-cold-environment-2/ 

Safework NSW (territory labour 
inspection authority) 

Australia government 
authority 

regulatory 
guidance 

Working in cold environments 

https://www.safework.nsw.gov.au/hazards-a-z/cold-environments 

Sekotidningen Sweden union magazine news article How to work in cold conditions (så jobbar du i 
kyla) 

https://sekotidningen.se/safunkardet/sa-jobbar-du-i-kyla/ 
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Name Country Organisation Content Title 
SINTEF Norway research institute PowerPoint 

presentation 
The oil worker in cold environments – cold as a 
risk factor in the workplace (oljearbeideren i 
kalde omgivelser - kulde som risikofaktor på 
arbeidsplassen) 

https://www.offshorenorge.no/globalassets/dokumenter/drift/hms-utfordringer-i-nordomradene/helse-og-arbeidsmiljo/05-1115-lhf140422_kulde-som-
risikofaktor-pa-arbeidsplassen_hilde-farevik.pdf 

Site Safe New Zealand New Zealand Industry Safety 
Organisation 

guidance Working in winter 

https://www.sitesafe.org.nz/help-and-advice/guides-resources/practical-safety-advice/working-in-winter/ 

Sjømat Norge Norway Industry 
organisation 

report Working environment in aquaculture 
(arbeidsmiljø i havbruk) 

https://sjomatnorge.no/wp-content/uploads/2014/04/arbmiljo_havbruk.pdf 

STAMI (Norwegian research 
institute of occupational health) 

Norway research institute news article Is it possible to get used to a cold work 
environment? (mulig å venne seg til kaldt 
arbeidsmiljø?) 

https://stami.no/mulig-a-venne-seg-til-kaldt-arbeidsmiljo/ 

Svalbard adventures Norway private company guidance 
clothing 

How to dress on Svalbard (hvordan kle seg på 
svalbard) 

https://svalbardadventures.com/praktisk-informasjon/hvordan-kle-seg-pa-svalbard/ 

Svenska vindenergi Sweden industry association guideline pdf Guidelines – the wind power industry (riktlinjer 
– vindkraftbranschen) 

https://svenskvindenergi.org/wp-content/uploads/2021/01/riktlinjer-for-arbetsmiljo-och-sakerhet-i-vindkraftbranschen.-20180628.pdf 

Sysselmesteren på Svalbard 
(state administrative authority) 

Norway government 
authority 

information 
pdf 

Safety on svalbard (sikkerhet på svalbard) 

https://www.sysselmesteren.no/contentassets/5f359e34e35d43a7a29f36064eaebc1c/folder_sysselmannen_svalbard_a5_norsk.pdf 

TDI (Texas Department of 
Insurance)( compensation 

regulator)  

USA government 
authority 

guidance/fact 
sheet pdf 

Cold stress fact sheet 

https://www.tdi.texas.gov/pubs/videoresource/fscoldstress.pdf 
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Name Country Organisation Content Title 
The Hartford USA insurance company article Cold stress 

https://www.thehartford.com/insights/home-workplace-safety/cold-stress 

The Health and Safety at Work - 
ACT 1974 

Great 
Britain 

government legislation 
 

https://www.legislation.gov.uk/ukpga/1974/37/contents 

Top Performance Institute Sweden private company health 
information 

What does the research say about cold 
exposure? (vad säger forskningen om 
köldexponering?) 

https://www.tpi.se/vad-sager-forskningen-om-koldexponering/ 

TYA – transportfackens yrkes- 
och arbetsmiljönämnd 

Sweden training & safety 
council 

guideline pdf Work in cold and freezer storage (arbete i kyl 
och fryslager) 

https://www.tya.se/wp-content/uploads/arbeta_i_kyla_a4_web_final.pdf 

Tyosuojelu (Finnish Labour 
Inspection Authority) 

Finland government 
authority 

regulatory 
guidance 

Temperature conditions 
(temperaturförhållanden) 

https://www.tyosuojelu.fi/web/sv/arbetsforhallanden/fysikaliska-agenser/temperaturforhallanden 

Työterveyslaitos (Finnish 
Research Institute of 

Occupational Health) 

Finland research institute expert 
guidance 

working in the cold (arbete i kyla) 

https://www.ttl.fi/sv/teman/arbetarskydd/arbete-i-kyla 

Umeå universitet Sweden university researcher 
profile 

Albin Stjernbrandt 

https://www.umu.se/personal/albin-stjernbrandt/ 

unite the union Great 
Britain 

trade union regulatory 
guidance pdf 

Temperature at work 

https://www.housingworkers.org.uk/imgs/1657893241.pdf 

University of Guelph Canada university guidance pdf Working in cold weather bulletin 
https://www.uoguelph.ca/hr/system/files/working%20in%20cold%20weather%20bulletin_2.pdf 
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Name Country Organisation Content Title 
University of Oulu Finland, 

Sweden, 
Norway, 
Russia 

university research 
project 
report 

Assessment and management of cold-related 
hazards 

https://www.lth.se/fileadmin/eat/termisk_miljoe/i2finrep.pdf 

University of South Australia Australia university guideline pdf Heat and cold at work 
https://i.unisa.edu.au/siteassets/human-resources/ptc/files/guidelines/safety-and-wellbeing/heat_and_cold_at_work.pdf 

Victorian Trades Hall Council 
(OHS reps) 

Australia union H&S resource regulatory 
guidance 

Cold 

https://www.ohsrep.org.au/cold 

WCB PEI (provincial labour 
inspection authority) 

Canada government 
authority 

regulatory 
guidance 

Working in heat and cold 

https://ohsguide.wcb.pe.ca/topic/hot_cold.html 

WorkSafe New Zealand (N.Z. 
Labour Inspection Authority) 

New Zealand government 
authority 

guidelines Temperature at work - working safely in 
extreme temperatures 

https://www.worksafe.govt.nz/topic-and-industry/temperature-at-work/ 

WorkSafe Saskatchewan Canada government safety 
agency 

guidance Working in cold weather 

https://www.worksafesask.ca/nextgenprevention/environmental-risks/working-in-cold-weather/ 

WorkSafe Tasmania (labour 
regulator and inspection 

authority) 

Australia government 
authority 

guidance Hot and cold environments 

https://worksafe.tas.gov.au/topics/health-and-safety/hazards-and-solutions-a-z/hazards-and-solutions-a-z-pages/h/hot-and-cold-environments 

WorkSafeBC Canada government safety 
agency 

guidance Cold stress 

https://www.worksafebc.com/en/health-safety/hazards-exposures/cold-stress 
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