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1. Introduction   

Urban climate change related health issues are a global concern (Galea and Vlahov, 2005; Harlan and 

Ruddell, 2011; Revi et al., 2014, Smith et al., 2014). Urban living is increasingly the predominant 

way of living due to urbanization (Galea and Vlahov, 2005; Harlan and Ruddell, 2011; Revi et al., 

2014). And it has been estimated that by 2050 more than half of the world’s population will live in 

urban areas (da Silva et al., 2012; Harlan and Ruddell, 2011). Urbanization and climate change poses 

an increasing risk to various negative impacts. Cities are relatively vulnerable to extreme weather 

events as they are the centres of population and economic growth, characterized by complex built 

environment and reliability to technologies. (Guerreiro et al., 2018; Harlan and Ruddell, 2011; Revi 

et al., 2014) Climate change accelerates extreme weather events that manifest for example, in more 

frequent and intense heatwaves, precipitation and storms (IPCC, 2014; IPCC, 2022). Extreme weather 

events have widespread negative health impacts on urban residents that vary in different temporal 

and spatial dimensions. Climate change is estimated to increase for example heat related illnesses, 

respiratory issues and vector-borne diseases. (Revi et al., 2014; Smith et al., 2014) The magnitude of 

the negative health impacts depend on different interacting factors from city systems and system fac-

tors to individual characteristics, such as age and health (Tapia et al., 2017).  

City systems and system factors moderate climate change induced health impacts. Physical and social 

environment together with policy and planning influence the direction and strength of impacts. A 

city’s physical environments’ characteristics, such as density, amount of vegetation, together with 

social environment’s factors such as equality and connectedness and policies such as relief efforts 

effect on how residents are exposed to various climate change impacts (Galea and Vlahov, 2005; 

Jurgilevich et al., 2022; Smith et al., 2014). Climate risk elements, hazard, exposure, and vulnerabil-

ity, determine the level of risk to the impacts (Oppenheimer, 2014). Examining city systems and 

climate risk elements and their relationships manifest in increased understanding of climate change 

induced health impacts in urban context (Jurgilevich et al., 2022). 

With adaptation policies, such as health and relief policies, negative health impacts can be reduced. 

However, city system complexity poses challenges for adaptation (IPCC, 2014; Tapia et al., 2017). 

Adaptation policies are improved with increased understanding of the city system complexity and 

temporal dimensions of factors impacting vulnerability and exposure as climate change related haz-

ards can vary and change in different phases (Juhola et al., 2020).  

City systems and systems factors moderate health impacts, and their role in different vulnerability 

and exposure outcomes, are not well-studied (Jurgilevich et al., 2022). Exposure is the inventory of 
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elements where hazards may occur and vulnerability is the propensity of exposed elements such as 

people, their livelihoods, and assets, to suffer adverse impacts when exposed to hazardous event. 

(IPCC, 2014) Papers that study how cities’ moderating factors impact on different vulnerability and 

exposure outcomes, are an important part for setting adaptation policies. (Jurgilevich et al., 2022) The 

analytical framework of this study utilizes systems approach to decode city system complexity and 

follows conceptual framework by Jurgilevich et al. (2022) to understand cities’ moderating factors 

and their interaction in cities influencing on different vulnerability and exposure outcomes. With the 

analytical framework and semi-structured expert pair-interviews this thesis answers the following 

questions: 

How are the city systems and system factors, and climate risk elements (vulnerability, expo-

sure) related?  

What are the different types of interactions that lead to vulnerability and exposure outcomes?  

The value of examining cities’ moderating factors synergies is that inspecting them and their rela-

tionships, cost-effective adaptation policy solutions are better found. There is a potential to tackle 

multiple negative health impacts, address vulnerability and exposure outcomes and set cost-effective 

adaptation policies that are crosscutting through multiple sectors. Helsinki and Turku were chosen 

for the case areas because both cities are major population conurbations in Finland and their coastal 

location makes them relatively vulnerable to climate change impacts. The data is collected with 18 

pair-interviews. Each interviewee is an important stakeholder influencing the case area’s develop-

ment or has detailed, intensive knowledge of the area. The results show different vulnerability and 

exposure outcomes, rather than pointing out differences between the case areas. 

The thesis proceeds as follows. In chapter two the research background and analytical framework are 

presented. The connections between urban health, climate risk, city systems and climate change 

health impact pathways are unravelled and how adaptation policies address climate change induced 

human health impacts. The analytical framework addresses city systems complexity and cities mod-

erating factors influence on vulnerability and exposure outcomes. In chapter three the materials and 

methods are presented. Chapter four answers the research questions of how city systems and climate 

risk elements are connected and how their interactions lead to vulnerability and exposure outcomes. 

Discussion chapter combines the analytical framework with the results and discusses the outcomes. 

Conclusions summarize the study and proposes future study needs.  
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2 Research background and analytical framework 

Chapter two covers the main terminology of the study, explains the connections between climate risk, 

human health, and health impact pathways, and introduces the analytical framework.  

2.1 Urban health and climate risk in cities 

The severity of climate change impacts to human health depends on the level of climate risk. Climate 

risk level is constituted of the extent of exposure and how vulnerable an individual is to those impacts. 

The level of climate risk to an individual is therefore influenced by internal factors, such as individual 

health, and external factors, such as urban density and amount of green infrastructure.    

2.1.1 Urban health 

To understand climate risk elements in cities, human health in urban context is conceptualized. Dif-

ferent human health outcomes in cities are strongly connected to how exposed to the impacts the 

residents are and how vulnerable they are to those impacts. Urban residents are constantly interacting 

with the city and urban health is an evolving result of complex interaction between individual’s per-

sonal characteristics and city systems (Sarkar and Webster, 2017). For example, geography, climate 

and wealth, impact on various health outcomes (Harlan and Ruddell, 2011; Tapia et al., 2017). Health 

determinants impact on the individual’s level of climate risk, which comprises of hazard, vulnerabil-

ity, and exposure (Smith et al., 2014). 

Health status is an important determinant to how an individual is impacted by climate risk. Individu-

als’ health status impacts on preparedness, adaptive capacity, and resilience to various climate change 

impacts. (Smith et al., 2014) WHO (2020) defines human health as a “state of complete physical, 

mental, and social well-being and not merely the absence of disease and infirmity.” Physical health 

refers to physical capabilities and mental health to individual’s ability to handle stress, to acquire 

skills, and to maintain relationships (WHO, 2020). This thesis considers social well-being to consist 

of two elements, social adjustment, and social support. Social adjustment is the combination of satis-

faction with relationships, performance in social roles and adjustment to one’s environment. Social 

support composes of number of contacts in one’s social network and satisfaction with those networks. 

(Larson, 1992) Individuals are unlikely to directly control their own determinants of health, meaning 

that external factors together with internal factors impact on urban residents health (WHO, 2020). 

Urban residents’ health is an evolving result of internal factors, that include mental and physical 

health, and social well-being, which are influenced by external city systems and system factors.  
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2.1.2 Climate risk in cities 

The concept of climate risk implies to the probability of occurrence of adverse impacts resulting from 

the interaction of hazards, vulnerability, and exposure (IPCC, 2014). Oppenheimer et al. (2014) write 

that “climate change is not a risk per se; climate change and related hazards interact with the evolving 

exposure and vulnerability of systems and therewith determine the changing level of risk.” They con-

clude that climate risk is the result of complex interactions among societies or communities, ecosys-

tems, and hazards arising from climate change. Consequently, the magnitude of experienced climate 

change impacts in urban areas is determined by the level of climate risk.  

Hazard refers to a climate-related physical events, trends, or their physical impacts. Exposure is the 

inventory of elements where hazards may occur; the presence of people, livelihoods, environmental 

functions, services, and resources, infrastructure, or economic, social, or cultural assets in places and 

settings that could be adversely affected. Vulnerability is the propensity of exposed elements such as 

people, their livelihoods, and assets, to suffer adverse impacts when exposed to hazardous events. 

(IPCC, 2014) This thesis approaches vulnerability as a combination of sensitivity (mental and phys-

ical health), enhanced exposure (environmental factors), and adaptive capacity (social well-being) 

(Jurgilevich et al., 2022; Kazmierczak, 2015).  

Urban climate change related hazards include events such as heat waves, excess flooding and rain, 

storms, and dry-spells, and these have widespread negative impacts on people and on local and na-

tional economies and ecosystems. The impacts will adversely impact city systems, including water 

supplies, sanitation and drainage and transport and the extreme events will strain health and emer-

gency services. (Smith et al., 2014) 

Exposure is the inventory of elements where hazards may occur. Exposure determines how city resi-

dents are exposed to different climate change related impacts such as heat, storms, and floods (Revi 

et al., 2014). Living conditions, such as building type, maintenance and elevation influence on the 

level of exposure (Hallegatte and Corfee-Morlot, 2011). For example, housing type, age, and size 

influence on how a resident is exposed to heat waves and amount of green infrastructure (GI) impacts 

on the determinants of urban heat island (UHI) effect and on the spread of vector-borne diseases. 

Cities’ density and urban form interacts with climate change, for example, by exacerbating increased 

temperature related risks. Exposure can be reduced with policies such as early warning systems, ef-

fective post-disaster responses and with increased amount of well-located, affordable, quality hous-

ing. (Smith et al., 2014; Thomas et al., 2019)  
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Vulnerability refers primary to characteristics of socio-ecological systems exposed to hazardous 

events (Oppenheimer, 2014). Usually, vulnerability is portrayed as the susceptibility to be harmed 

and it is associated with the absence of capacity to adapt (Adger, 2006). At an individual level, per-

sonal factors together with environmental factors impact on vulnerability. Personal factors refer to 

characteristics, such as age, health, and wealth. External factors refers to exposure and how an indi-

vidual is exposed to different climatic events. (Oppenheimer, 2014; Thomas et al., 2019; Monterroso 

and Conde, 2015)  

Health status (WHO, 2020) and social well-being (Larson, 1992) impact on the level of vulnerability 

to climate change impacts. Age is a significant factor as elderly, and infants are more susceptible to 

hazardous events and exposure to climate change. For example, prolonged heat spells are typically 

more dangerous for elderly due to possible existing morbidity or other health issues and infants due 

to their smaller body mass. Those with illnesses, injuries or disabilities are also more susceptible to 

climate change impacts due to possible lack of mobility and the need for assistance. (Smith et al., 

2014) 

Social well-being influence on the success of adaptation (Adger et al., 2005). Adaptation requires 

novel skills and knowledge, such as lobbying for resources, understanding complex and distant global 

processes, and conducting abstract analyses of risks and trade-offs. Low adaptation capacity does not 

necessarily depend on individual’s lack of interest, but other more immediate concerns in life that 

eclipse climate change adaptation measures. (Boyle and Dowlatabadi, 2011) Race and ethnicity may 

impact on vulnerability due to social disadvantage, financial circumstances, health status or commu-

nity level characteristic (Smith et al., 2014; Thomas et al., 2019). 

Socio-economic status has connections to vulnerability as well. Climate change impacts are dispro-

portionately distributed and those in disadvantaged positions are most vulnerable to the impacts. (Bai 

et al., 2012; Harlan and Ruddell, 2011; IPCC, 2014; Thomas et al., 2019) Low-income households 

are more vulnerable to extreme weather events because of lower adaptive capacity, limited access to 

infrastructure or insurance, and fewer possibilities to relocate to safer accommodation when com-

pared to wealthier residents (Revi et al., 2014). Lack of coping capacity exposes residents to increased 

risk of hazardous events (Smith et al., 2014; Thomas et al., 2019). Inequality to access resources can 

be seen across regions, communities, and neighbours within the same city even in the wealthiest 

countries (Thomas et al., 2019). 



 6

Especially for those who are in vulnerable positions, policies that reduce exposure are important (Revi 

et al., 2014). With reduced exposure, vulnerability is reduced (Oppenheimer, 2014; Revi et al., 2014; 

Thomas et al., 2019). City-based disaster risk management with a central focus on risk reduction is a 

strong foundation on which to address exposure (Revi et al., 2014). Examining the level of climate 

risk results in better understanding of the determinants that impact on urban residents’ health as cli-

mate change proceeds (Oppenheimer, 2014). Setting adaptation measures that reduce exposure and 

vulnerability to begin with demands assessing the local climate change impacts and how city systems 

moderate the impacts (Jurgilevich et al., 2022).  

2.2 Adaptation policies in Finland 

Adaptation measures are needed to address the emerging climate change induced health impacts. As 

climate change most likely impacts urban residents disproportionately, adaptation measures that re-

duce exposure and vulnerability to begin with are needed (Boyle and Dowlatabadi, 2011; Harlan and 

Ruddell, 2011). Adaptation is defined, in human systems, as “the process of adjustment to actual or 

expected climate and its effects to moderate harm or take advantage of beneficial opportunities” 

(IPCC, 2022). 

Adaptive policies aim to increase quick and effective recovery after shocks while also helping to 

maintain required functions and support during crisis (IPCC, 2022; da Silva et al., 2012; Leichenko, 

2011). And often the earlier adaptation measures are implemented the more effective they are (Pilli-

Sihvola et al., 2016). With anticipatory adaptation future climate change scenarios can be considered 

and possibly potential health impacts prevented in the first place (Boyle and Dowlatabadi, 2011). 

Studying how city systems’ moderating factors influence on vulnerability and exposure results in 

increased understanding of how to implement anticipatory adaptation policies that would be address 

human health impacts, offer cost-efficient solutions, and provide equal distribution of those policies.   

In Finland adaptation measures in urban areas include amongst other things policies that prepare for 

floods, heat and changing winter conditions as climate change impacts are expected to increase the 

probability of heatwaves, increase in water and vector borne diseases, slip and fall accidents and 

indoor air problems related to moisture damage in buildings (Juhola et al., 2020; Finnish institute for 

health and welfare, 2021). Other impacts include changes in temperatures as summer heat waves are 

likely to become longer. Snow conditions are expected to change as mean winter temperatures will 

decrease. In some areas flooding will diminish due to reduction of snow cover, while some places 
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will face increased probability of flooding due to heavy rainfall and winter flooding. (Juhola et al., 

2020)  

Finland was the first EU-country to publish national adaptation strategy to climate change in 2005 

and Finland’s Climate Change Act (609/2015) attached adaptation to part of climate change policies 

in 2015 (Marttila, 2005). The Climate Change Act (609/2015) stipulates risk and vulnerability review 

into Finland’s national adaptation plan which are approved every ten years. The risk review examines 

possible risks with available data, meanwhile it is unable to consider possible climate risk dynamics 

in different temporal dimensions (Juhola et al., 2020).  

City of Helsinki’s each adaptation plan is valid two council terms (current 2019 – 2025) and the 

implementations are evaluated each year in the Environmental Report. At the centre are long-term 

adaptation, co-operation, and integrating adaptation into the city’s management and control system. 

The adaptation vision is divided into preparedness, integration, development, and expertise. The cur-

rent adaptive plans include measures such as Storm Water Management Plan and the Flood Strategy, 

the green roof guidelines, and the green roof factor tools. The green factor tool is required always if 

it is possible to use it. The adaptive plans aim for healthier environment and well-being. In addition, 

housing indoor air temperature monitoring and adding up moisture resilient infrastructure are being 

considered. (City of Helsinki, 20192) 

Turku Climate Plan 2029 states various adaptation plans towards climate change. Plans include in-

creased information, resilience of water and building systems, ecosystem reservation, various adap-

tation projects and supporting sense of community. (Turku City Council, 2018) Much of the plan 

circles around mitigation rather than adaptation; while Turku is a leading city in climate change mit-

igation, there is still lot to do with adaptation policies. (Kern et al., 2021) 

Many sectors in Finland are already considering adaptation to climate change and in 2021 Ministry 

of Social Affairs and Health’s Climate Change Adaptation Plan 2021-2031 has defined 43 goals and 

92 recommendations of adaptive measures to direct, indirect, and deferred climate change induced 

health impacts. Finland’s well-functioning infrastructure, health care, equity and equality reduce 

some climate change induced negative health impacts. (Meriläinen et al., 2021) 
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2.3 Analytical framework 

To understand how city systems moderate different vulnerability and exposure outcomes this thesis 

utilizes a systems approach and follows conceptual framework by Jurgilevich et al. (2022). The ana-

lytical framework of this study decodes city system complexity with systems approach and studies 

how the moderating factors influence on different vulnerability and exposure outcomes. 

2.3.1 Systems approach decode complexity 

Cities are complex and dynamic complexes where numerous actors and processes interact (Bai et al., 

2016; Tozan and Ompad, 2015). Tozan and Ompad (2015) define cities as dynamic, evolving, and 

devolving by their very nature. Cities are constantly evolving and responding to both internal and 

external interactions and influences (da Silva et al., 2012). Cities depend on and are defined by the 

function of city systems and their system factors (Bai et al., 2016; Proust et al., 2012). City systems 

and system factors are in constant flux and interact in a complex web of relationships over time. The 

relationships are typically non-linear and involve significant time delays. (Tozan and Ompad, 2015). 

Therefore a city’s behaviour and responses to climate change impacts are better understood by look-

ing at interactions and relationships between city systems and system factors rather than looking at 

just one city system in isolation (da Silva et al., 2012). 

To keep the focus on climate change induced health outcomes cities are divided to consist of three 

systems: physical environment, social environment and policy and planning and their system factors 

(Figure 1). This division is central when considering impacts between human health and climate 

change (Smith et al., 2014). System factors in each city system interact with each other inside the 

system and between city systems individually and mutually.  

 

Figure 1. City systems and system factors. 
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Physical environment includes local topography, urban infrastructure, green space, built environment 

and water and sanitation (Jurgilevich et al., 2022). These system factors influence both physical and 

mental health through complex interactions. Built environment’s features, such as density, land use, 

street scales, aesthetic qualities and street networks impact on human health and impact on to for 

example, resident’s respiratory issues, injures, psychological distress and physical activity. (Bai et 

al., 2012; Galea and Vlahov, 2005; Younger et al., 2008) Quality of water and sanitation determine 

how a city provides water, disposes garbage, and provides energy. Physical environment also impacts 

on a city’s air quality and pollution rates (Galea and Vlahov, 2005). The amount of green space and 

access to parks has been linked to higher functional status, lower cardiovascular disease risk, longev-

ity among elderly independent of personal characteristics (Galea and Vlahov, 2005; Younger et al., 

2008). Physical environment also impacts on urban climate; especially UHI effects is a global concern 

in urban areas among socio-economically vulnerable populations and socially isolated elderly per-

sons. Excess heat also exacerbate pollution (Galea and Vlahov, 2005; Taher et al., 2019). 

Social environment includes social (in)equality, strain, health and social services, resources, and con-

nectedness (Jurgilevich et al., 2022). There are many ways of how these factors impact on health. For 

example, a neighbourhood’s features impact on social strain and health behaviour. Limited social 

support may impact on individual’s coping capabilities and health, informal impact on social support, 

network, and cohesion in cities. (Bai et al., 2012; Galea and Vlahov, 2005; Jurgilevich et al., 2022) 

Social capital features, such as general economic and social support impact on available resources at 

times of stress. Social environment affects as well on spatial and racial segregation. Segregation im-

pact negatively on homogeneity in resources, social network ties, and socioeconomic capabilities. 

Segregated communities are more likely be exposed to climate change impacts, susceptibility, social 

and economic deprivation, toxic substances, and hazardous conditions. (Galea and Vlahov, 2005; 

Jurgilevich et al., 2022)  

Policy and planning include urban planning, adaptation policies, and health and social policies. In 

more detail, building codes, urban planning patterns, warning systems, disaster policies, evacuation 

plans, critical infrastructure management, relief and post-disaster relief efforts, and policies support-

ing cooling effects. Policy and planning facilitate the change in physical and social environment to 

reduce climate risks. (Jurgilevich et al., 2022) They quality of how the policies are put into practise 

effect on residents’ are exposed to various climate change impacts in urban areas (Smith et al., 2014; 

Thomas et al., 2019).  
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In urban areas the strength of climate change impacts are influenced by surrounding environmental 

factors meaning that urban populations are likely to experience them significantly different to those 

in non-urban environments (Proust et al., 2012). Applying systems perspective to cities, scenarios 

resulting from climate change impacts and the implications of failures in networked infrastructures 

are understood better (da Silva et al., 2012). Systems approach decode complexity and helps to un-

derstand connections and relationships between city systems and system factors (Berry, 2018; Roux, 

2015). Examining the systemic relationships unexplainable or unpredictable patterns, new insights 

and questions may be found (Roux, 2015).  

The listed city systems and system factors are central when considered the impacts between climate 

change and human health (Smith et al., 2014). The city systems and system factors interact in a dy-

namic and nested complex and determine how the city functions during extreme weather events and 

how those events impact on city residents and their health (Proust et al., 2012). The systems act as 

moderating factors to climate change induced vulnerability and exposure outcomes (see chapter 2.3.3) 

(Jurgilevich et al., 2022). Before proceeding to the functions and relationships of the moderating 

factors, the next chapter briefly explains the temporal and spatial dimensions of climate change im-

pacts and their influence on different health outcomes. 

2.3.2 Climate change health impact pathways 

Whilst climate risk describes the magnitude of health impact and consists of hazard, exposure, and 

vulnerability, climate change induced health impact pathways describe the temporal and spatial di-

mensions of a hazard. Studying the relationship between climate risk and health impact pathways 

different temporal and spatial dimensions and their effects on various vulnerability and exposure out-

comes are understood better and possible adaptation measure requirements potentially recognized 

(Jurgilevich et al., 2022). Smith et al. (2014) lists three main climate change induced health impact 

pathways, direct, indirect, and deferred.  

Direct impacts are spatially and temporally proximal meaning that they are near term and experienced 

proximally. They are related to encountering local and current changes in daily and seasonal weather 

patterns and extreme events. Their implications for health can be widely understood and addressed 

by local responses, adding a sense of urgency and purpose to local adaptation. (Morris et al., 2017) 

Direct impacts include risks such as heatwaves, extreme weather events, such as storms and floods, 

and altered air quality (McMichael et al., 2012; Smith et al., 2014). Direct impacts manifest in in-

creased morbidity, mortality, excess deaths, injuries, and amplify pre-existing medical conditions and 

acute anxiety (Smith et al., 2014). 
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Deferred impacts emerge as temporally and/or spatially distal results of direct impacts. Temporally 

distal impacts extent and effects on health and well-being will be experienced over time. Spatially 

distal impacts relate to events that happen or is expected to happen elsewhere. (Morris et al., 2017) 

Deferred impacts manifest in mental health issues, chronic medical conditions prolonged morbidity 

and dehydration (McMichael et al., 2012; Smith et al., 2014). The impacts manifest in mental health 

issues and chronic medical conditions resulting from storms and floods and as deferred morbidity and 

mortality as a temporally prolonged result of heat exposure (Jurgilevich et al., 2022). 

Indirect impacts are both distal and proximal spatially and temporally (Morris et al., 2017). These 

impacts are experienced through human-environmental interactions such as increase in vector- or 

water-borne diseases, worsened air, water and soil quality, and climate change caused disruptions in 

food systems (Jurgilevich et al. 2022; Smith et al., 2014; McMichael et al., 2012). Health results of 

indirect impacts include increased respiratory issues such as asthma, increase in vector-borne dis-

eases, and malnutrition (Smith et al., 2014; Greenough et al., 2001; Revi et al., 2014). 

The different temporal and spatial dimensions of climate change hazards effect on how health impacts 

are experienced in cities. And in addition, city systems and system factors moderate the impacts. City 

systems and system factors influence the direction and/or strength of climate change induced health 

impact pathways (Jurgilevich et al., 2022). Examining city systems moderating factors with systems 

approach may result in new information of climate change induced health impacts in cities. The next 

chapter introduces how city systems and system factors moderate climate change induced health im-

pacts in cities. 

2.3.3 City systems moderate climate change induced health impacts 

The goal of this study is to understand how cities’ moderating factors influence on different vulnera-

bility and exposure outcomes. The chapters above have displayed climate risk elements, city systems 

and system factors and climate change health impact pathways (direct, indirect, and deferred). This 

chapter explains how the city systems’ and system factors’ moderate different climate change induced 

vulnerability and exposure outcomes. The relationships between each city system (for example, rela-

tionship between physical environment and policy and planning) and relationships between system 

factors inside each city system and between city systems (for example, relationship between green 

space and social inequality) influence on the magnitude of experienced climate change impacts (Jurgi-

levich et al., 2022) Consequently, the final climate change induced health impact is defined by health 

impact pathway, climate risk elements (vulnerability, hazard, exposure) and a city’s moderating fac-

tors (Figure 2.) (Jurgilevich et al., 2022).  
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The conceptual framework by Jurgilevich et al. (2022) provides a systemic approach to horizontally 

mainstreamed preventive actions to health risks in urban planning sectors, while considering temporal 

aspects and providing synergies to tackle multiple health risks once. This thesis focuses on how the 

moderating factors impact on different exposure and vulnerability outcomes. 

 

Figure 2. Conceptual framework (Jurgilevich et al., 2022). 

Heat and air quality 
Both physical environment and policy and planning moderate direct extreme heat and cold impacts. 

Physical environment’s factors such as wind corridors, cooling surfaces, green infrastructure, green 

canopy, density of built environment, housing types and air conditioning impact on the severity of 

temperature changes. Policy and planning moderate direct impacts with building codes, urban plan-

ning pattern and adaptation policies and measures. (Jurgilevich et al., 2022) Cities’ compact urban 

setting, amount of vegetation and dependency on infrastructural systems exacerbate heat, heatwaves, 

and UHI (Ellena et al., 2020; Taher et al., 2019). 

Frequency of extreme heat episodes will increase as average temperatures rise, and heatwaves and 

extreme weather events are expected to become more frequent. It has been estimated that climate 

change has already approximately doubled the probability of occurrence heat waves such as European 

heat wave in August 2003. (McMichael et al., 2012) Extreme and prolonged heat events have been 

related to increases in cardiovascular, respiratory, and kidney diseases (Smith et al., 2014). Especially 
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those with pre-medical conditions, elderly, socio-economically disadvantaged, uneducated, and mar-

ginalized are increasingly vulnerable to these impacts (McMichael et al., 2012). 

Dark, impervious surfaces on buildings and roads and the lack of shade and vegetation cause urban 

areas to have high average temperatures (Taher et al., 2019; Younger et al., 2008). These decreases 

the relief available from night-time cooling and amplifies the susceptibility of urban residents to heat-

related illnesses (Younger et al., 2008). However, prolonged impacts of heat exposure are still not 

well-studied. Moderating factors to deferred heat caused health impacts are mostly the same as for 

direct impacts (physical environment and policy and planning) in addition to occupational health care 

intervention to moderate the impacts of outdoor labour (policy and planning). There have been con-

nections as well to social environment (marginalization and social (in)equality). (Jurgilevich et al., 

2022) Internationally Northern Europe is well adapted to cold spells due to acclimatisation, overall 

good adaptive capacity, and boarder socio-economic factors and mortality rates to cold exposure are 

relatively low (Healy, 2003).  

Climate change will indirectly impact on cities air quality. Climate change and especially high tem-

peratures are estimated to degrade air quality and there are strong associations between urban form, 

heat, and poor air quality. (Smith et al., 2014; Revi et al., 2014) Both outdoor and indoor air quality 

are moderated by physical environment and by policy and planning (Jurgilevich et al., 2022). 

Outdoor air quality is moderated by physical environment (urban form, type of pavement and roof 

materials, amount of tree canopy and wind corridors) and policy and planning (urban planning pat-

terns and policies supporting cooling effects). Indoor air quality is affected by outdoor air quality, 

such as organic and inorganic particles transmitted to indoors by the building’s internal ventilation 

systems. Indoor air is moderated by physical environment (building characteristics regarding infiltra-

tion, ventilation and building materials) and policy and planning (building codes and energy effi-

ciency measures). (Jurgilevich et al., 2022) 

Floods, storms, water, and soil quality 

Climate change will likely increase the frequency of extreme precipitation and increase the risk of 

flooding. Direct morbidity and mortality are usually associated with these disasters. (Greenough et 

al., 2001) While some health impacts manifest directly from the disaster, some impacts are inflicted 

through moderating factors resulting from the disaster (Jurgilevich et al., 2022). Disasters may lead 

to impaired public health infrastructure, reduced access to health care services, and physiological and 

social effects and thus local population preparedness is an important determinant of the disaster’s 
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impacts (Greenough et al., 2001). Cities’ policy and planning (building codes, warming systems, 

disaster policies, evacuation plans, critical infrastructure management, and relief efforts) impact on 

preparedness to these impacts. In case of coastal cities local topography impact on the severity of the 

hazard (physical environment). And with pluvial floods the city’s physical environment (local topog-

raphy, green and blue infrastructure, drainage systems and surface permeability). (Jurgilevich et al., 

2022) 

Deferred adverse impacts resulted from flooding and storms include mental health issues, chronic 

medical conditions and deferred morbidity and mortality. Deferred health outcomes are moderated 

by policy and planning (relation between the mental health and quality and access to urban green-

ness), social environment (personal characteristics, marginalization) and physical environment (urban 

greenness and bule-green space, proportion of vacant lands, closeness to motorways, exposure to 

traffic and other environmental noise). (Jurgilevich et al., 2022) Health status, socio-economic status, 

marginalization, policies to reduce and relief adverse impacts, access to health services and quality 

of environment and access to urban greenness impact on adverse health outcomes of flooding and 

storms (Jurgilevich et al., 2022; Greenough et al., 2001; Paterson et al., 2018; Smith et al., 2016). 

Indirect impacts of flooding include worsened indoor air, water, and soil quality. Flooding may 

worsen indoor air quality by releasing airborne particles causing respiratory symptoms in damp, wet 

or flooded buildings. (Jurgilevich et al., 2022; Paterson et al., 2018) Extreme flooding may result in 

pathogen and hazardous substance transfer into drinking water (Lane et al., 2013; Paterson et al., 

2018). Particularly if sewerage systems are compromised even in the resource rich countries (Paterson 

et al., 2018). Soil quality is compromised by pathogen transfer with flooding. Moderating factors to 

indirect health impacts of flooding are similar as those of direct impacts in addition to sewage system 

resilience and water treatment infrastructure (physical environment) and public health disaster re-

sponse policies, for example shelter, water, food, and sanitation (policy and planning). (Jurgilevich 

et al., 2022) 

Changes in rainfall and in temperature may result in vector-borne disease transmission. Increased 

precipitation, local sea-level rise, floods, storms, and warmer winters have been associated with in-

crease in vector-borne diseases, such as mosquitoes. (Greenough et al., 2001; Smith et al., 2014) 

Growth and behaviour of vectors are sensitive to temperature changes, which in turn are influenced 

by temperature increase in cities. However, studies have shown as well that mitigation efforts for 

urban heat, such as adding more green and blue infrastructure, increase favourable habitats for vec-

tors. Thus, cities’ moderating factors to the relationship between climate change and vector-borne 
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diseases are related to physical environment (urban form, green-blue infrastructure) and policy and 

planning (urban planning patterns, cooling adaptation measures). (Jurgilevich et al., 2022) 

Other indirect impacts include changes in food production resulting in adverse human health impacts, 

for example malnutrition related problems, which are moderated by for example urban food produc-

tion (belonging to physical environment: urban farming plots and water system). Malnutrition on the 

other hand is moderated by social environment (social inequality and access to nutritious food). 

(Jurgilevich et al., 2022) 

Adaptation policies that consider cities’ moderating factors various vulnerability and exposure out-

comes can be decreased (Jurgilevich et al., 2022). Studying moderating factors and their relationships 

unwanted human health impacts can be recognized and decreased to begin with. The analytical frame-

work of this study operationalizes cities’ moderating factors and examines different vulnerability and 

exposure outcomes. The complex relationships between health impact pathways, climate risk, mod-

erating factors and health impacts are operationalized for data analysis with a codebook (chapter 3.3.) 

that recognizes the different factors and their relationships effecting on climate change induced hu-

man health impacts.   
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3 Materials and methods 

The main data of this qualitative case study (Yin, 2018) consists of transcribed semi-structured expert 

pair-interviews. In the next chapters the materials and methods are presented. 

This thesis is a collective case study; the aim is to study the same case in different settings, simply, 

the context is different for each of the case (Baxter and Jack, 2015). Case studies are common with 

qualitative studies. Case studies collect detailed intensive data and aim to understand the data pro-

foundly (Saaranen-Kauppinen and Puusniekka, 2006). Defining, analysing, and finding a solution are 

usually the main goals of case studies (Erikson and Koistinen, 2014). In other words, the goal is to 

understand the phenomena rather than to do sweeping statements (Saaranen-Kauppinen and 

Puusniekka, 2006).  

Qualitative studies are often empirical and characterized by for example, discretionary data collec-

tion, theoretical sampling, perspective of the subjects (naturalism), lack of hypothesis and inductive 

analysis (Eskola and Suoranta, 1998). Qualitative study enables to learn and to be surprised with new 

information as the goal is to invent hypothesis rather than test them (Saaranen-Kauppinen and 

Puusniekka, 2006). This thesis does not test any hypothesis and there is no strong hypothesis of the 

results of the study (Saaranen-Kauppinen and Puusniekka, 2006). However, the study tests the back-

ground theory and its manifestation. 

3.1 Case areas 

The data of this case study is collected from Helsinki and Turku (Table 1.). The case areas are located 

on the southern coast of Finland. Helsinki faces the Gulf of Finland and Turku faces the Baltic Sea, 

although Turku’s archipelago distances the city from immediate closeness to the sea. Both cities rep-

resent two major population conurbations in Finland; Helsinki is capital and biggest city, and Turku 

is the sixth biggest city in Finland. From both city two areas were selected to represent residential 

areas. The criteria were to select two areas in each city whose built and social environment and policy 

and planning represented distinctively different residential areas. Kontula and Varissuo are selected 

as they represent older suburbs, where built environment is relatively old, and which are defined by 

strong social characteristics. Kruunuvuorenranta and Skanssi are selected as they represent new resi-

dential areas and where residents have relatively low exposure and vulnerability to climate change 

impacts due to socio-economic characteristics.  
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Table 1. Case area information. 

Kontula, Helsinki 

• 14 000 residents (City of Helsinki, 20191) 

• Built in the 1960s - 1970s 

• High number of migrants and unemploy-

ment  

• Inland municipality 

• Represents area where residents are rela-

tively vulnerable to climate impacts due to 

low-ranking socio-economic conditions and 

where the built environment exposes the 

residents to some or several climate impacts 

Kruunuvuorenranta, Helsinki 

• 1117 residents (City of Helsinki, 20191) 

• The aim is to build area for 13 500 resi-
dents by 2030 

• Built according to sustainable urban devel-
opment  

• Located by the sea, on an island  

• Represents area where the built environ-
ment is relatively low to exposure of cli-

mate impacts in general; and where socio-

economic conditions are relatively good 

Varissuo, Turku 

• 9008 residents (City of Turku, 2019) 

• Built in the 1970s - 1980s 

• High number of migrants and unemploy-

ment  

• Inland municipality 

• Represents area where residents are rela-

tively vulnerable to climate impacts in gen-

eral due to low-ranking socio-economic 

conditions, and where the built environ-

ment exposes the residents to some or sev-

eral climate impacts 

Skanssi, Turku 

• 870 residents (City of Turku, 2019) 

• The aim is to build area for 8000 residents 
by 2030  

• Built according to sustainable urban devel-
opment  

• Inland municipality 

• Represents an area where the built environ-
ment is relatively low exposure to climate 

impacts in general, and where socio-eco-

nomic conditions are relatively good 

 

3.1.1 Helsinki 

Kontula represents area where residents are relatively vulnerable to climate impacts in general due to 

low-ranking socio-economic conditions, and where the built environment exposes the residents to 

some or several climate impacts. Kontula locates in Eastern Helsinki, and it has 14 000 inhabitants 

(City of Helsinki, 20191). Kontula was built in the beginning 1960s to ease the nationwide housing 

shortage. Already by the beginning of 1970s Kontula was home to over 20 000 people. (Kokkonen, 

2019) The area’s physical environment is dominated by its’ well-known sturdy and high concrete 

block of flats and forested surroundings. Distinctive features in Kontula are extensive car-free routes 

and parks (Rossing et al., 2005). The old concrete buildings are nowadays major waste heat source, 

and the city is looking for ways to enhance the area’s physical environment with complementary 

building, renovations and with a new shopping mall. (Viljakainen et al., 20201; Viljakainen et al., 

20202) 
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Construction of Kontula’s shopping mall (year 1967) and underground (year 1986) peaked the areas 

development to a significant population conurbation in Helsinki. Social environment in Kontula is 

impacted by its socio-economic characteristics, aging population, and rich cultural diversity. In 2007 

over 15% of Kontula’s inhabitants’ mother tongue was other than Finnish. Especially older residents 

in Kontula are very fond of the area. (Kokkonen., 2019).  Kontula has been a participant in multiple 

different protects (for example, Lähiöprojekti, Vetoa ja Voimaa Mellunkylään and Positiivisen dis-

kriminaation alue) which have aimed to enhance social possibilities and prevent social segregation 

(Viljakainen et al., 20201). 

Kruunuvuorenranta is part of Laajasalo, an island connected by one bridge to the mainland. Situated 

in the western part of Laajasalo, Kruunuvuori is home to 1117 residents (year 2019) (City of Helsinki, 

20191). New apartments, and modern urban area forms a neighbourhood where the built environment 

is relatively low exposure of climate impacts in general; and where socio-economic conditions are 

relatively good. The coastal area makes Kruunuvuorenranta relatively exposed to excess flooding 

(Kazmierczak, 2015). 

The area has been characterized by its distant location near Helsinki’s archipelago, and for many 

years it was used as an oil port (City of Helsinki, 20193). Kruunuvuorenranta is facing many changes 

and since 2000 the city has been planning a new residential area for 13 500 people by the end of 2030 

(City of Helsinki, 2022). Kruunuvuorenranta will be connected to the centre of Helsinki by a bridge 

(City of Helsinki, 2014) and the area’s physical environment has and is facing multiple changes with 

new residential areas and rapid increase in residents. Various climate change mitigation and adapta-

tion policies has been considered during the planning of the area for example by constructing ecolog-

ical energy system which utilizes seawater and recycles heat for buildings (Helen, 2018) and utilizing 

green factor tool. 

3.1.2 Turku 

Skanssi represents an area where the built environment is relatively low exposure to climate impacts 

in general; and where socio-economic conditions are relatively good. Skanssi is a new residential 

area, locating in the eastern part of Turku. Planning and construction of the area started in the early 

2000s and first residents moved in 2009. The estimated date of completion of the area is in 2030 with 

8000 residents. Skanssi has been planned as an environmentally friendly district which seeks to find 

solutions to low energy consumption and CO2 emissions. (City of Turku 2013; City of Turku, 2018) 
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Varissuo represents area where residents are relatively vulnerable to climate impacts in general due 

to low-ranking socio-economic conditions, and where the built environment exposes residents to 

some or several climate impacts. Varissuo locates in the eastern part of Turku with approximately 

9008 residents (City of Turku, 2019). The area was constructed between 1970s ̶ 1980s. Physical en-

vironment is dominated by concrete block of flats. The area’s shopping mall was built in 1981. (City 

of Turku, 2018) Varissuo is described as the most multicultural area in Finland (City of Turku, 2013) 

Varissuo has been a synonym for a socially difficult residential area for years. Segregation is still 

high in the area and the unemployment rate is continuously the highest of Turku. (Lehtinen, 2020) 

3.2 Data collection method 

The data collection includes two phases (Table 2). First, preparations for the interviews are done. To 

understand the case areas and recognize experts, documents that include information of changes in 

physical and social environment and policy and planning are collected. According to the documents 

descriptive timelines are formed of each case area which are then utilized in the semi-structured pair-

interviews.  

Table 2. Data collection process and information on the collected data. 

Phase 1: Preparation for interviews 

Investigation period: 4/2021 – 5/2021 
1. Document collection 

o news articles, city/compound 
master plans, street plans 
and city council’s meeting 
notes 

2. Descriptive timelines 
3. Invitations for expert interviews 

Content 

• Documents to understand the past development 
(expanding to past 30 – 50 years) 

• Timelines include examples of changes in physical 
and social environment and policy and planning 
(Miro platform) 

• Experts selected according to documents and with 
snowball method. Requirements: 

o expert fields: public administration, private 
sector, civil-society organizations 

o 1) experience of the area through work/de-
cision making 2) lived/worked in/for the 
area 5 or more years 3) active resident 5 or 
more years 

Phase 2: Data collection 

Investigation period: 5/2021 – 9/2021 
1. Semi-structured pair-interviews 
2. Transcriptions 

Content 

• Interview guide is formed according to Jurgilevich 
et al. (2022) (Appendix 1) 

• 18 pair-interviews, each 1 – 1,5 hours in Zoom or 
Teams (in Finnish) 

• Timelines are utilized for interviewee’s deeper 
contextual understanding  

• Transcriptions for content analysis 
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According to Jurgilevich et al. (2022) historical development and events impact today and, in the 

future, how climate change induced health outcomes manifest in an area. Thus, to understand poten-

tial moderating factors to different health impacts, documents are collected to cover contextually rel-

evant changes during the past 30 – 50 years (Appendix 3). The document collection is not exhaustive; 

the aim is to collect examples of changes in physical and social environment and policy and planning 

for each area. After collecting the documents, descriptive timelines are formed (Appendix 2). The 

timelines assist with the pair-interviews as a visual tool and create informative historical display. The 

timelines help with contextualizing historical events and assist with discussion and help to understand 

the background of the study. A semi-structured interview guide is formed (Appendix 1), and the 

guide’s workability is tested prior execution (Eskola and Suoranta, 1998). Two test rounds are orga-

nized with volunteers to test the workability of the guide.  

Qualitative studies often focus on few cases and aims to analyse them thoroughly. Criteria for scien-

tific qualitative study is the quality and not the quantity of gathered data. (Eskola and Suoranta, 1998) 

Therefore, study subjects are selected according to the research angle (Tuomi and Sarajärvi, 2017). 

Because this thesis studies how cities moderating factors impact on different health impacts, study 

subjects are selected so that each interviewee is an expert or has detailed information of a field that 

includes to one of the moderating factors (social or physical environment or policy and planning). 

To select interviewee candidates that are suitable for the study angle, discretionary selections together 

with snowball method are used. With discretionary selection the study subjects are selected according 

to previously set guidelines (see table 2.) (Tuomi and Sarajärvi, 2017). Discretionary selection is 

subsided with snowballing method. With snowballing method a researcher can utilize existing con-

nections to find suitable interviewee candidates (Saaranen-Kauppinen and Puusniekka, 2006). With 

this thesis, snowballing method is utilized in the end of each interview. The interviewees are asked 

for their recommendations of a suitable interview candidate. Table 3 presents the interviewees by 

case area and field of expertise. The number in brackets shows if there are more than one expert from 

that specific field of expertise.  
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Table 3. Table of interviewees.  

*1Interviewees described both areas during interviews. 

*2 Interviewees had been living in the area for more than 5 years, making them also active residents of the area. 

Semi-structured interviews are suitable for studies where the focus is on a certain phenomenon and 

the interviewees should not meander from the subject too much (Saaranen-Kauppinen and 

Puusniekka, 2006). Semi-structured interviews have the same questions for all interviewees but there 

are no options for answers meaning that the interviewees must answer with their own words 

(Hyvärinen et al., 2022). 

Prior the interviews basic information of climate change induced health impacts are shared with email 

by sharing a link to the Finnish institute for health and welfare webpage that summarizes how climate 

change manifest on human health. Each interview begins with representing the main terminology and 

background of the study and going through again the basics of climate change induced health impacts. 

The health risk pathways (direct, indirect, and deferred) and moderating factors are explained.  

The interviewees are free to choose which remote platform they wish to use (Zoom/Teams) for the 

interview. Discussions are recorded using the selected platform’s recording tools and backed up by 

phone. Using Team’s and Zoom’s local recording tools, the quality of the recordings is assured. The 

interviews are held by two interviewers (the author of this thesis and Dr. J. Käyhkö) as the collected 

data is part of research consortium and utilized for other studies as well. The interviews progress 

according to the semi-structured interview guide, while still allowing open discussion, natural flow 

of conversation. Interviewees are free to share every information they wish to give, and they are not 

 Kontula Kruunuvuorenranta Varissuo Skanssi  

Residential 
activity 

(2) Active resi-
dent 

 Active resident  

City  
planning 

(2) City planner 
(2) City master 
planner 
 

(2) City planner 
Architect  
Housing production 
Landscape architect 
Project planner 

Architect 
Land use architect 
City planner 

(2) Land use architect 
(2) Construction developer 
Architect 
Development manager 
Management expert 
Area manager 

Health care 
and social 
services 

(2) Practical 
nurses*2 

(2) Practical nurses*2 Youth worker 
Deacon 

 

Health care 
and social 
services *1 

Physiotherapist 
Nurse 
(2) Paramedic 

  

Academ-
ics*1 

(2) Urban researcher   
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disrupted when side-tracked. Commenting or adding information after the interview was also possible 

for the interviewees.  

Saturation is utilized throughout the data collection. With saturation relevant data is recognized. The 

aim of the interviews is to collect different views and experiences of how the case areas physical and 

social environment and policy and planning has influenced on different health impacts. When the 

expert interviews cease giving new information, and start to repeat themselves, they are discontinued. 

Data saturation is a practical way of implementing when data collection must be halted in qualitative 

studies. When the new cases cease giving new information, it is recommendable to discontinue the 

data collection. In qualitative studies the right amount of data is research-specific; data is needed as 

much as the research needs. (Eskola and Suoranta, 1998)  

3.3 Data analysis method 

The data analysis includes four phases (Table 4.). To enable detailed content analysis, the interviews 

are transcribed and coded with Atlas.ti according to a codebook. Coding helps to arrange the data for 

analysis. 

To transform the recorded interviews into analysable representations, the interviews are transcribed 

(Ketola et al., 2017). Transcriptions are completed manually with Microsoft Word and with Microsoft 

Teams’ transcription tool. Basic transcription is useful when the goal is to analyse the content of the 

discussion. All expressions, expletive and repetitive words, sighs, and laughing are excluded from 

the transcriptions because they are not relevant for the study. Pseudonyms are created to protect the 

identity of the interviewees. (Ketola et al., 2017). 

Table 4. Data analysis methods. 

Transcribed interviews are coded with Atlas.ti according to a codebook (Table 5). Coding means 

using arranged markings and classifications and it enables analysing the dataset systematically. Cod-

ing provides diverse conception of the data and a good base for the main analyse and interpretation. 

(Saaranen-Kauppinen and Puusniekka, 2006) The coding and analysing logic are abductive. Abduc-

Data analysis process  

Investigation period: 10/2021 – 1/2022 
1. Codebook compilation 
2. Intercoder Agreement 
3. Coding 
4. Analysis 

Content 

• Codebook formed according to Jurgilevich et al. 
(2022) 

• Coding divided with 3 people; ICA to justify relia-
bility. ICA: Global Cu-Alpha Binary 0,959 
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tive method utilizes both inductive and deductive approach. Abductive method enables data interpre-

tation, while support and explanations can be searched from theoretical background.(Saaranen-Kaup-

pinen and Puusniekka, 2006) 

The codebook is created to recognize moderating factors (Galea and Vlahov, 2005; Jurgilevich et al., 

2022; Smith et al., 2014), climate risk elements (IPCC, 2014; Oppenheimer et al., 2014), and human 

health dimensions (Jurgilevich et al., 2022; Larson, 1992; WHO, 2020) from the data. In addition, 

separate codes are formed for the case areas to help with the analysis. Relevant codes used in the 

analysis are portrayed in the codebook, and other codes that are irrelevant for the analysis are left out.  

Table 5. Codebook for data analysis. 

Code group Codes 

Moderating factors (Galea and Vlahov, 2005; 
Jurgilevich et al., 2022; Smith et al., 2014) 

Physical environment 
Social environment 
Policy and planning 

Climate risk (IPCC, 2014; Oppenheimer et al., 
2014) 

Hazard 
Exposure 
Vulnerability 

Human health (Jurgilevich et al., 2022; Larson, 
1992; WHO, 2020) 

Mental health 
Physical health 
Social well-being 
General health 

Case areas Skanssi 
Varissuo 
Kruunuvuorenranta 
Kontula 

The codebook operationalizes the conceptual framework by Jurgilevich et al. (2022). Operationaliz-

ing theory is a common practice in qualitative analysis and researcher’s own reconstruction rather 

than a pure theory (Eskola and Suoranta, 1998). To evade subjective interpretation (Eskola and Su-

oranta, 1998) researcher triangulation is used with forming of the codebook. Triangulation for this 

thesis is utilized with circulating the codebook between researchers. The aim of researcher triangula-

tion is to discuss observations and have mutual understanding of the given issue (Eskola and Suoranta, 

1998). With triangulation the researchers agree with the codebook that represent the conceptual back-

ground satisfactory. Triangulation suits well for thesis’ as it requires teamwork and it enriches the 

progress by providing new views, sharing skills, and support (Saaranen-Kauppinen and Puusniekka, 

2006). 

Three participants (Dr. A. Jurgilevich, Dr. J. Käyhkö, and author of this thesis) contribute to the 

coding process. To validate the success of the codebook operationalization, intercoder agreement 
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(ICA) is performed (Tuomi and Sarajärvi 2017). Inter Cored Agreement (ICA) tests the reliability of 

the codebook and how participants agree on important parts of the text. ICA refers to the extent to 

which two or more independent coders agree when coding the same content by applying the same 

coding scheme. At least three people are needed for the ICA analysis; one researcher oversees creat-

ing the coding system and two researchers participate commenting it. All participants test the code-

book with one together agreed transcribed interview. The aim of the ICA is to create clear rules for 

the codebook and make sure the coders have similar way of adding quotations in Atlas.ti. For this 

thesis, the ICA tests global cu-alpha binary which is a general level info of how the participants added 

quotations according to the codebook. The cu-alpha binary tells whether different coders identify the 

same sections in the data to be relevant for the topics of interest represented by codes. Testing the 

global cu-alpha binary is sufficient for this study, as the analysis examines the content and not quan-

tity of the data. Best result would be 1 and lowest possible reliability number is 0,667. (Krippendorff, 

2004) Three test rounds are held until satisfactory ICA result is reached (see table 4.). 

3.4 Research ethics 

Data collection and archiving are implemented following The Finnish National Board on Research 

Integrity (TENK) guidelines. Each interviewee is informed with information letter before the inter-

view which stated the purpose of the study, recording permission, and a data protection statement. 

The information is repeated orally in the beginning of each interview. Research permissions are ap-

plied for each area of expertise and required signatures are pleaded individually.  

Each interview begins with asking the permissions to record. The interviewees are allowed at any 

point to disrupt and withdraw from the interview. It is not compulsory to keep the camera on. Pseu-

donyms are created during transcriptions to protect the identities of the interviewees. Interviewees 

are informed that they are unrecognizable from the data. They are encouraged to speak openly and 

told that there are no right or wrong answers. Discussions are recorded using Teams’ or Zoom’s 

recording tools and backed up with phone recording. Each recording is archived in protected files 

behind passwords.  
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4 Results 

The results are presented in two sections. First, the results represent cities’ moderating factors’ rela-

tionship to vulnerability and exposure. Second, these relationships are brought to closer examination, 

and connections between moderating factors, health impacts and climate risk elements are repre-

sented. 

4.1 City systems and climate risk  

The data was coded according to the codebook to recognize the case cities’ moderating factors, cli-

mate risk elements and human health dimensions. Hazards are not studied as the focus of this study 

is on human health impacts and how moderating factors impact on different vulnerability and expo-

sure outcomes. Analysing the connections between moderating factors and climate risk elements, the 

case cities can understand how the moderating factors influence on different health impacts and con-

sequently execute adaptation policies that decrease vulnerability and exposure to begin with.  

The presented Sankey Diagram visualizes how the moderating factors connect to vulnerability and 

exposure in the data. The diagram shows that exposure is linked strongest to physical environment, 

while vulnerability is connected strongest to social environment. The number in each flow chart ex-

presses how many times the moderating factor code was coded with vulnerability and exposure codes. 

In the following chapters exposure and vulnerability factors and related moderating factors are ex-

plained. Examining vulnerability and exposure separately results in more detailed information on how 

adaptation and especially anticipatory adaptation policies should be implemented. 

 

Figure 3. The moderating factors’ extend to climate risk elements. 

The Sankey diagram is accompanied with tables that illustrate different connections between moder-

ating factors and climate risk elements which are visualized in the diagram’s flow charts. The tables 
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are divided to show the moderating factors connection to vulnerability (Table 7.) and the moderating 

factors connection to exposure (Table 8.) The tables consist of code combinations that include mod-

erating factor(s) and a climate risk element (exposure or vulnerability), the moderating factor which 

increases or decreases health impact and examples of the connections between a moderating and the 

health impact that occurred from the data. Connecting the moderating factors, climate risk element 

and health impact pathway the moderating factor(s) results in better understanding of the complexity 

of climate change induced human health impacts in urban settings. 

Table 7. Moderating factor(s) connection to vulnerability. 

Code combi-

nation 

Moderating 

factor(s) 

Examples Health impact (due to in-

creased/decreased vulnerability) 
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Apartment 
qualities and 
assistance 
policies 

Vulnerable people living in un-
suitable apartments makes them 
increasingly exposed to climate 
events and reliable on external 
help for example homecare ser-
vices 

Deferred risk to heat related health 
impacts (for example, dehydration, 
disorderliness, and cystitis).  

Urban vege-
tation poli-
cies 

Vegetation’s cooling effects are 
important especially for vulner-
able populations, for example 
green-factor tool. 

Decreased direct risk to heat related 
health issues. 
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Help and as-
sistance pol-
icies 

Vulnerable populations require 
assistance during extreme 
weather events from health care 
and/or from familiars. Espe-
cially during hot spells 
homecare workers require extra 
workforce to prevent dehydra-
tion cases. 

Deferred risk to heat related impacts. 

Policies to 
enhance so-
cial environ-
ment 

Policies that increase diversity 
and number of social circles 
may result in increased adap-
tive capacity and decrease cli-
mate change induced health im-
pacts.  

Increased social circles and enhanced 
social environment decreases de-
ferred risks to climate change im-
pacts. 
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Policies to 
reduce over-
all vulnera-
bility 

Policies that impact on both so-
cial and physical environment 
reduces vulnerability to begin 
with. For example, climate 
change resilient apartments 
with homecare policies would 
result in preventable excessive 
death or hospital visits.  

Reduced direct and deferred climate 
change induced health risks such as 
morbidity, mortality, excess deaths, 
injuries, and amplified pre-existing 
medical conditions and acute anxiety  
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Table 8.  Moderating factor(s) connection to exposure.  

Codes Moderating 

factor  
Examples Health impact (due to in-

creased/decreased exposure) 
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Building  
technique 
 

Old concrete buildings crack easily 
due to temperature changes (possible 
water damage and air quality issues) 

Deferred/indirect risk to respiratory 
issues  

Natural airflow lacks in very energy 
efficient building (air quality issues) 

Deferred and indirect risk to respira-
tory issues  

Soil quality Soil quality impacts on how it ab-
sorbs heat and directs water masses 
 Possible increases in UHI effect 

and exposure to heat 
 Increased risk to water damage 

and air quality issues 

Direct/deferred risk to heat related 
health impacts and respiratory issues 
due to water damage  
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GI policies GI amount and policies moderate 
UHI. Lack of GI may increase heat 
exposure  

Direct/deferred risk to heat related 
health impacts 

Policies to utilize GI for storm water 
management 

Decreased direct/deferred flood re-
lated health impacts  

Stormwater 
management 
policies 

Storm water management policies 
considers ground level (if needed to 
be lifted) and other possible unex-
pected situations in advance to reduce 
unwanted health impacts 

Decreases direct/deferred flood re-
lated health impacts 

Apartment 
characteristics, 
age, and con-
struction poli-
cies 
 

An apartment’s physical characteris-
tics (window/balcony direction, cool-
ing systems, apartment size and age) 

Direct/deferred risk to heat exposure 
related health impacts (for example, 
heat stress, dehydration, chronic 
medical conditions)  

Old apartments typically rely on 
gravitational air ventilation which is 
insufficient during extreme heat 

Deferred and indirect exposure to 
heat stress related impacts  

Dense city 
structure 
 
 

Dense city structure may lead to de-
crease in green and blue infrastruc-
ture and densification during con-
struction may lead to compromises or 
oversights 

Direct and deferred exposure to heat 
stress related impacts  
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 Relief policies Policies to reduce exposure in apart-
ments (for example, decreased heat 
exposure with extra air ventilation 
systems, green roofs, cooling sys-
tems, venetian blinds, showy cor-
ners). However, the more there are 
extra setting the more expensive the 
apartment is 

Decreased deferred risk to heat re-
lated health impacts (for example, 
mortality and dehydration)  

 



 28

4.2 Exposure 

The collected data points out that physical environment is linked strongest to exposure to climate 

change (see Figure 3). This means, that physical environment’s characteristics play a key role on how 

residents are exposed to climate change related health impacts according to the interviews. Urban 

residential area’s modern qualities, compactness, amount of green and blue infrastructure, permeable 

surfaces, altitude variations and soil qualities influence how residents are exposed to heat, floods, and 

strong winds. A buildings age, size and cooling possibilities are also linked to exposure. 

Apartments’ age and size are seen as a major factor on climate change related health impacts during 

the interviews. The interviewees point out that construction skills have developed much since build-

ing the large suburbs such as Varissuo and Kontula and many buildings’ concrete are unsuitable for 

today’s increasingly varying weather conditions. Temperature variations during winter months causes 

cracking, which exposes the buildings to water damage and air quality problems. The interviewees 

point out as well that older apartments ventilation systems are insufficient during summertime. Alt-

hough, old apartments are usually larger in size, cross-ventilation is possible, and windows point out 

to different cardinal points they get hot during summer. Older apartments rely on gravitational venti-

lation which is inefficient exposing residents to heat. Urban researchers point out that air-ventilation 

windows may be too small for air pump’s outlet pipe and require the residents’ own imagination and 

crafting skills to be able to use extra cooling systems inside. 

Older apartments’ energy efficiency is weak, and many residential areas constructed in the 1960’s 

and 1970’s need renovations. One interviewee tells that the wool in Varissuo’ s apartments may be 

too old or there might be too little of it to begin with. However, problems with new energy efficient 

buildings have been recorded as well, as the new construction technique in some cases has been too 

effective and caused air quality problems according to the interviews. 

City planners and architects state that cities are planned with the best current knowledge and the 

overall aim is to do good, healthy, and pleasurable environment. Land Use and Building Act is the 

starting point which guides to do safe and healthy living environment and with some additional poli-

cies and initiatives healthy and climate resilient urban areas are planned (such as Carbon neutral Hel-

sinki 2035 and Turku's Sustainable urban development, 6Aika) according to the interviews. However, 

many interviewees tell that reaching the goals and their implementation depend on individual city 

planner and those extra considerations, such as UHI effect or wind tunnel modelling are not compul-

sory to test in all areas. 
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The interviewees are especially worried of heat exposure due to denser city structure, small apart-

ments, and lack of GI. City planners are worried of the compromises they must do with the little space 

compact city structure can offer. The interviewees point out that the number of small apartments has 

increased with compact city structure. And especially worries considering summer-time heat with 

studios lacking air ventilation systems and pointing towards South rise from the interviews. City plans 

rarely dictate the opening direction of balconies, and often Southern direction is wished for. 

”I think it will be very problematic in the future - - , especially as climate change proceeds, 

that there are so many small apartments and studios - -. For example, this summer has been 

very hot and if a studio’s balcony is directed to South and cross-ventilation is impossible, it 

is going to be very hot. I think it will be the biggest problem in the future, especially now that 

there are lot of small apartments.” (TH5Y) 

According to the interviews, typically smaller apartments must rely growingly on technical cooling 

systems. Interviewees state that the issue with these solutions is the raised expenses. All the extra 

settings, such as green roofs, extra cooling systems and pre-set venetian blinds in the building raises 

the expenses of living in there, which is problematic from socio-economic perspective. Keeping the 

expenses in minimum requires compromises, one extra setting would mean taking another down.   

“The more there are extra features, the more there are expenses. If the building includes extra 

settings, such as a green roof, it increases the expenses or something else must be cut off.” 

(TH6Y1) 

Interviewees highlight that urban planning is often balancing between solutions to build apartments 

that are not extremely expensive but are comfortable even during heat. Some interviewees are not 

however that concerned of heat, as it is a passing phenomenon during summertime. One interviewee 

state that sometimes compromises must be done for example, regarding quietness and heat. The in-

terviewee tells that in a compact city structure inner courtyards are small and typically there is room 

only for one tree which makes the yards hot during summer, but this is compensated with the yard’s 

quietness.  

Urban researchers point out that keeping the infrastructure and apartments accessible for people from 

various socio-economic backgrounds and from various stages of life demands diverse apartments. 

They continue, that extra cooling systems are expensive regardless of if they are built in the apartment 

or whether the resident should by one themselves. They point out that constructing apartments that 

are hot and rely on technology are unsustainable in many ways and unreachable to many people due 
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to high expenses. They suggest designing apartments that have cross-ventilation possibility and big 

ventilation windows that would enable efficient cost-free cooling. However, the interviews with ar-

chitects reveal that many builders want to build smaller apartments. 

The planning of the new residential areas, Kruunuvuorenranta and Skanssi, were started in the early 

2000. Both areas have been planned carefully with lot of public debate how to reach the best possible 

result. According to the interviews, both areas’ city plan has been modified throughout the construc-

tion. While the reason for of all the changes is to reach a good and healthy residential area, the changes 

in plans have led to some compromises and rethinking. Urban planners from Skanssi point out that 

dispersed city structure in the area has been changed to a more compact one. The original plan was 

to build low buildings in a dispersed city structure, which would decrease UHI effect and wind tun-

nels. Densification was implemented to cut expenses according to one interviewee. Densification has 

led to reduced urban vegetation in some parts according to the interviews. Some interviewees express 

also that they should consider heat effects and wind tunnels again after as densification may increase 

UHI and wind tunnels. However, these issues are dependent on the people working on the case and 

if they have the time for it. 

According to the interviews compact city structure leads to decreased urban vegetation and blue in-

frastructure or compromises regarding them. In a compact urban plan, the construction site includes 

only the building itself and next to the boundary of a plot of land is already a street or another plot. 

Tight plotting decreases amount of vegetation as there is no space for vegetation to begin with. Inter-

viewees from Kruunuvuorenranta state that unfortunately greenery is the first to be dismissed if there 

are any issues with space. For example, the express tramway that should be ready by 2026 has taken 

more space than originally thought and many trees have been cut down from the tram’s way. One 

interviewee pointed out that due to lack of space they are unable to plan walking routes where shad-

ows are considered. This may be problematic for vulnerable residents who are sensitive to heat expo-

sure. 

Although the amount of green infrastructure varies between the urban structure of the case areas, the 

binding factor is their closeness and easy access to forests and parks. The closeness to nature is seen 

as a strength among the interviewees. The key difference between the old and new areas is that the 

usage pressure is different when compared to the sizes of green areas. The environmental architects 

point out, that it is still an open question how the urban forests are shared with all the new residents 

in Kruunuvuorenranta. The older residential areas’ strength are their dispersed city structure and 

closeness to near forests according to the interviews. 
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When asked about green factor tool, many interviewees are familiar with it, however, not all have 

used it with urban planning. The tool was utilized in Kruunuvuorenranta, but the use was optional for 

some time. The interviewees also state that as there is no space on street level for vegetation, green 

factor tool usually forces vegetation to be placed on top roofs.  

Green infrastructure has many benefits, such as visually positive impacts, cooling effects and it is 

relatively cheap to carry out when compared to build systems according to the interviews.  The storm 

water systems in Kruunuvuorenranta and Skanssi are constructed to manage excess flooding that 

happens once every 100 years according to the interviews. Storm water management planning is 

started from the beginning of urban planning to construct resilient storm water systems. According 

to the interviews any unpredictable situations are thought of in advance and the ground is lifted if 

necessary to prevent any excess flooding.  

Many interviewees bring up storm water management systems, which are well structured in Finland 

and especially in the new areas urban planners had given extra thoughts of managing excess water 

masses. It is beginning to be common to manage and delay storm waters with green infrastructure 

and permeable soil. Soil quality impacts on how wet the ground is and how it absorbs heat.  One 

interviewee point out that typically buildings were constructed on high grounds where waters were 

guided away immediately, whereas nowadays the trend is to delay waters. The issue with delaying is 

that it may expose buildings to gradually developing water damage. The interviewee mentions that 

greenery on top of roofs is problematic, as vegetation absorbs moisture risking the building to water 

damage. 

”- - If compact cities are planned where there is little space for greenery and mostly impervi-

ous materials, it brings challenges for the construction’s feasibility - -. From constructional 

angle, dense areas may lead to questionable compromises as the waters are delayed near the 

buildings, and in worst cases on top of the roofs exposing the buildings to water damage.” 

(TH7Y2) 

Interviews with paramedics reveal issues with compact city structures that are car free and routes that 

are planned for public transport. They are especially worried of any delays the lack of wide roads 

may inflict on emergency vehicles in Kruunuvuorenranta. Although the vehicle could drive on a 

tram’s path, it is unable to go pass the tram if the road is narrow when it stops to take new passengers. 

Even one askew car, or tram halted to a stop can block the road and delay dramatically the duration 

to a destination and with emergency cases saving a life may depend on minutes. The paramedics said 
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that narrow roads are problematic especially during winter and with heavy snowfall. Some buildings 

may be inaccessible because of narrow roads blocked with snow forcing the vehicle to stop far from 

the person in need.  

4.3 Vulnerability 

Vulnerability is strongly connected to social environment’s factors according to the data (see Figure 

3). While physical environment is the main factor to exposure, social environment impacted how 

vulnerable residents are to the impacts and how they can reduce their exposure to climate change 

induced health impacts. Policies to reduce overall vulnerability is seen as an important factor to de-

crease exposure.  

When asked about how vulnerability could be reduced, most of the interviewees answer that by re-

ducing vulnerability to begin with by enhancing vulnerable population’s position. One interviewee 

sums up that reduced vulnerability would require multisectoral cooperation and better understanding 

of causes and effects.  

Health sector workers pressure during the interviews that reducing vulnerability is not top priority for 

most of their clients. Adaptation measures are mostly one’s own responsibility and people on vulner-

able positions do not prioritize adaptive measures or climate change mitigation. They underlined that 

those people who struggle with everyday life are in the most vulnerable positions as they are not 

considering climate change induced health impacts which may seem distant or out of their hands. 

Adaptation measures would require wealth and social networks, which are missing for many in vul-

nerable positions. 

Health sector workers state that the improvement of socio-economically vulnerable population’s sta-

tus should always be a top priority, especially when the city is building new residential areas. During 

the interviews with active residents worries regarding older areas’ dilapidation while new areas are 

getting the important investments come up. They are worried that while new areas are gaining all the 

new and fancy investments, the older areas gain less attention and are left without improvements. To 

their experience much of the social possibilities such as sport clubs and other community spirit raising 

associations rely on volunteers. They see this problematic as those associations and clubs are an im-

portant factor for the areas’ social environment’s enhancement. However, there are less interested 

people to participate as volunteers every year. The active residents are worried that without invest-

ments on the social possibilities the volunteer work might slowly fade. When asked about whether 
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there are reasons why some areas lack development, urban planners tell that investors avoid unattrac-

tive areas as they are lacking sales volume and dynamic development.  

Health sector workers are especially worried of those people who are suffering from third genera-

tional marginalization in the older residential areas. There are children whose grandparents and par-

ents have been or still are unemployed and see substance abuse. The paramedics say that the family 

issues are reflected strongly on how a child behaves in a school, a young person’s prospects, and on 

social circles. They state that social circles impact on one’s perception of future and believe in own 

abilities.  

The health workers pressure the importance of investing in social support and in policies that reduce 

vulnerability. These are needed especially for those who are uncapable of taking care of themselves. 

Lack of social support, language skills, or knowledge or just factors such as age may be factors pre-

venting from adaptation according to the health workers. The health workers keep precautionary ac-

tions in great importance.  

“The better the basic pillars are set, the better they can take damage - - the question of help 

policies for vulnerable people is a question of affluent society.” (HH7Y1) 

The instructions of how to adapt may not be understandable, feel weird for unaccustomed residents 

or they might not be taken seriously due to person’s social circles according to practical nurses. The 

lack of staff and investments impact greatly the health sector and during the interviews the health 

workers mention that they are unable to fix the problems. They can only help with the current issue.  

Many interviewees bring up the importance to consider physical environment’s qualities and how 

they impact on social environment. City planners tell that constructing diverse apartments to housing 

stocks is the main tool they have in order to control and prevent any form of segregation. Mixed 

housing stocks include apartments and houses for tenants and house-owners from various states of 

life and backgrounds. They also mention that there is lot of pressure to consider these issues to prevent 

any unwanted situations.  

Urban researchers point out, that when a house-owner rents their apartment, it typically cannot be 

coordinated by the city. As an example, they bring up Varissuo where there are many cases in which 

a landlord owns the whole block of flats and rents the apartments relatively cheap. There is a risk in 

this behaviour which may lead to ethnic segregation according to the urban researchers. Policies that 
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tackle issues in the social environment and enhance the area’s physical environment are seen as im-

portant factors which reduce climate change induced health impacts among the interviewees.  

The health workers bring up issues regarding elderly who live in apartments which expose them to 

climate change impacts, and which makes them reliable on external help from homecare workers or 

familiars. Interviews reveal that many older residents who are home care costumers live in apartments 

that are unsuitable for them and the apartments might lack modern conveniences. The apartment 

might lack of running water, indoor lavatories, or cross-ventilation possibilities, elevators and even 

few steps may prohibit independent visits outside the resident’s home. Many apartments temperature 

rise high during summer months, which exposes them to heat caused morbidity.  

According to the health workers changing from an unsuitable apartment to a better one may be im-

possible for some of their customers. The reasons might be an illness preventing independent deci-

sions, lack of familiars and socio-economically disadvantaged position. Unsuitable apartments are a 

health hazard for vulnerable populations and expose them to climate change hazards. Many elderlies 

live in apartments that lack extra cooling systems which is a dangerous combination if the resident 

suffers from dementia and the going outside is impossible due to stairs. It is common that dementia 

patients forget to drink during hot season and get cold when windows are open even though outside 

temperature would be sweltering. Dehydration and excess heat cause long chain of events that could 

be prevented. Interview with paramedics revealed that first aid prepares themselves to hot season by 

ordering extra infusion liquids as dehydration is a common issue during hot seasons. They pressure 

that with preventing dehydration many ICU visits could be avoided and long chains of ill-health pre-

vented.  

”During hot seasons we need to encourage elderly to drink constantly in addition to 

our normal work. We can see the results of lacking resources. It is difficult, as the 

customer might not understand why they should drink, or they don’t want to drink, 

and they have right of self-determination. We can see what dehydration causes: con-

fusion, urethritis, vagueness and possibly leading to emergency room and from there 

to hospital wards. Lack of drinking may seem an insignificant issue, but it has long 

lasting chain of events.” (HH7Y1) 

Homecare workers wish there would be more apartment complexes suitable for elderly, as it would 

reduce customers need for assistance, increase their social networks, and make homecare workers job 

easier as the distances between costumers would be shorter. Although the health sector prepares for 
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hot seasons by adding home visits and emergency rooms increase infusion liquids, dehydration cases 

are still very common according to the interviews. The health sector workers consider it very im-

portant to enable housing for elderly which would include ventilation systems and to invest more on 

preventive policies. They state that dehydration leads to chain of events and in the end is very expen-

sive for the society.  

Policy tools which aim to reduce exposure to heat are mostly unfamiliar to health workers. Housing 

health regulation set in 2015 that imposes maximum indoor air temperature to +32 degrees is not seen 

as an effective policy to reduce exposure to heat among interviewees. They tell that in many apart-

ments the temperatures are dangerously high during summer, and they did not know what sanctions 

are set or how they would work when the temperature rises too high. They also note that many of 

their customers wouldn’t be able to follow these policies and issues themselves while they don’t have 

the resources to track all apartments that are too hot.  

 
According to urban planners apartments designed for older residents might still lack extra air venti-

lation or cooling systems. One architect point out that near shopping centres or similar places may be 

good places to cool down. Also, urban vegetation policies are seen as an effective tool to reduce heat 

related exposure with vulnerable populations such as elderly and children. While urban vegetation 

reduces temperature and provides shadow, many home care clients still need assistance to reach these 

places according to health sector workers. A nurse might be the only one visiting the elderly enabling 

some social activities or ease during hot days. Providing housing which reduces exposure and vul-

nerability to begin with would be the most impactful tool to reduce any unwanted health impacts 

according to the health sector interviewees.   
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5 Discussion 

This chapter reflects the results to the analytical framework. The analytical framework utilizes sys-

tems approach to decode city system complexity and a conceptual framework by Jurgilevich et al. 

(2022) which considers cities’ moderating factors to impact on different vulnerability and exposure 

outcomes. The data was collected with 18 expert pair-interviews. First, chapter 5.1. synthesizes 

shortly the results. Secondly, chapter 5.2 discusses the results and reflects them to the literature back-

ground.  

This thesis has answered the research questions:  

How are the city systems and system factors, and climate risk elements (vulnerability, exposure) re-

lated?  

What are the different types of interactions that lead to vulnerability and exposure outcomes?  

The analytical framework divides city systems to consist of physical and social environment and 

policy and planning and considers these as moderating factors to vulnerability and exposure. The aim 

is to understand how city systems and systems factors moderate various vulnerability and exposure 

outcomes. The aim of examining cities’ moderating factors is to recognize how climate change im-

pacts could be reduced (Jurgilevich et al., 2022). The value of examining dynamic relationships be-

tween city systems and system factors, health impact pathways and climate risk elements is that it 

enables to set adaptation measures that reduce vulnerability and exposure to begin with. cost-effective 

adaptation policy solutions are better found. There is a potential to tackle multiple health hazards, 

understand vulnerability outcomes better and set cost-effective policies that are crosscutting though 

multiple sectors.  

5.1 Result synthesis 

The results of this study illustrate that physical environment is an important factor of how city resi-

dents are exposed to different climate change impacts that vary temporally and spatially. Solutions 

decided during city planning are determining factors to various health impacts in urban areas. The 

data shows, that decisions regarding green and blue infrastructure, policies to construct smaller apart-

ments and compact cities expose residents to various climate change hazards if the plans do not in-

clude possible solutions for the negative side-effect of these decisions. Policies to construct compact 

cities with small apartments are not necessarily disadvantaged. However, the data points out, that 

adaptation policies that would consider the unique qualities and characteristics of the area are needed. 
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Compact city structure demands different policies than a dispersed one. The data shows, that physical 

environment exposes residents to climate change impacts, especially if adaptation policies are not 

completely executed.  

Social environment is seen as an important determinant of how residents receive help, how they can 

adapt themselves and how alarming they view different climatic impacts. Social environment impact 

on vulnerability by influencing on residents’ perceptions of the area they live in as well as on their 

own possibilities in life. People who are socio-economically vulnerable are in greater risk to climate 

change impacts and possibly unable to prepare and protect themselves due to disadvantaged position. 

Policies which would help vulnerable population’s adjustment to climate change impacts together 

with tools to reduce their own exposure inflicted by physical environment are needed. Vulnerable 

residents are unable to protect themselves effectively from climate change impacts, while the physical 

environment where they live in expose them to various climate effects.  

While new and modern areas are built, it is important to develop the older areas at the same rate. 

Although segregation in Finland is from a global perspective minor, the data points out that some 

areas have a negative stigma which expels investors and results in negative perceptions of the area. 

The data shows that policies that initially aim to reduce vulnerability and exposure in urban environ-

ment, such as Housing health regulation, are seen as ineffective and useless tools. Efficient policy 

measures are implemented to guide urban planning in a way that exposure and vulnerability are re-

duced to begin with. With equal distribution of accessible apartments for people from diverse socio-

economic and cultural backgrounds, together with equal distribution of adaptation measures, vulner-

ability and exposure can be reduced. 

5.2 Reduced climate risk with focused adaptation to moderating factors 

The results reinforce the conceptual background by Jurgilevich et al., (2022) which states that iden-

tification of moderating factors and connecting them with health impact pathways contributes to the 

planning and prioritization of adaptation measures. The data shows, that although adaptation policies 

are set, they are still lacking effectivity. Finnish cities should consider how cross-cutting and cost-

efficient adaptation policies could be implemented and what qualities a city’s systems pose, that may 

increase or decrease exposure and vulnerability to climate change impacts. 

Expert pair-interviews together with the analytical framework helped to notice different health out-

comes, how they are inflicted and if the interviewees considered them important. The research results 

supported the analytical framework and literature background regarding the importance of green and 
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blue infrastructure when considering heat (Ellena et al., 2020; Jurgilevich et al., 2022; Taher et al; 

2019; Younger et al., 2018). During the interviews green areas and small pools of water were seen as 

important factors to reduce heat and increase habitability which would decrease heat related illnesses. 

Both the analytical background and the interviews considered green infrastructure as an important 

factor to moderate heat. Placing vegetation on roofs decreases UHI effect as it reduces albedo near 

the building itself and street level vegetation would provide shadows and reduced surface temperature 

(Taher et al., 2019). However, there was a contradiction between compact urban structure and added 

value of green infrastructure as whenever compromises came up vegetation was the first to be as-

signed so that there would be room for something else. There were also some dissenting opinions on 

the significance of heat, as some considered heat waves as a passing phenomenon, any extra settings 

to be unnecessarily and some considered them to be even desired and have positive effect on human 

health. Studies have shown that there might be some climate change induced events, such as longer 

and warmer summers, which may be experienced as positive. However, the proximally and tempo-

rally distal impacts may be significantly negative even if immediate experience would be pleasant. 

(Meriläinen et al., 2021; Smith et al., 2014) 

During the interviews the importance of adaptation was brought up frequently and issues regarding 

why some adaptation measures are discharged during urban planning. Many of the reasons stemmed 

from lack of communication, resources, and difficultness of implementing the adaptation measures. 

Some adaptation measures were seen poor, such as green roofs, as they would increase expenses and 

possibly expose buildings to other hazards. Warning systems, such as a message that alarms for warn-

ing of slippery streets was seen as ineffective as well due to its inaccessibility for some social groups. 

Implementing adaptation measures were also seen difficult, as they should be cots-efficient, long 

lasting, and accessible for all people. The analytical background emphasizes the importance of antic-

ipatory adaptation measures (Boyle and Dowlatabadi, 2011; Jurgilevich et al., 2022; Pilli-Sihvola et 

al., 2016). With measures that tackle climate impacts to begin with costs would be cut in the long run. 

Anticipatory adaptation planning should be viewed as investments to future. Social cost benefit anal-

ysis executed in Rotterdam in 2014 examined adaptive measures considering social issues and cost-

efficiency together with the city’s adaptation plans. One of the key findings was that the earlier adap-

tive executions were proceeded, the more impactful the results were. (Pilli-Sihvola et al., 2016) The 

notion of the significance of implementing adaptation measures from the start is crucial. Integrated, 

multi-sectoral solutions that address social inequalities, differentiate responses based on climate risk 

and cut across systems, increase the feasibility and effectiveness of adaptation in multiple sectors 

(IPCC, 2022). 
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Reduced vulnerability and exposure would offer a cost-efficient and equally distributed solutions. If 

apartments are planned to rely on domestic air-conditioning, it’s not only unsustainable but also un-

reachable to socio-economically vulnerable people. (Adger, 2006) Living conditions are strongly re-

lated to various vulnerability and exposure outcomes (Hallegatte and Corfee-Morlot, 2011). Access 

to well-distributed resources would manifest in decreased vulnerability (Thomas et al., 2019). Build-

ing quality housing that doesn’t require extra settings such as domestic air-conditioning would offer 

cost-efficient and environmentally friendly solution for hot summers.  

Exposure in physical environment is linked to social environment and vulnerability. Social environ-

ment impacts on resident’s perceptions of themselves and their living environment and further how 

the individuals are impacted by climate change related health outcomes (Smith et al., 2014). Physical 

environment, its’ condition and interaction with socioeconomic status are associated with segregation 

(Sarkar and Webster, 2017). Many issues and connections between heat exposure and vulnerable 

populations living conditions emerge from the data. Even though these issues are well-known, heat 

related health impacts are inconsistently decreased. Many of the emerged issues in the data stem from 

long-lasting social or physical developments, that could be reduced with focusing on the root prob-

lems. The data shows that lack of communicative organs between sectors, relying on individual em-

ployees, their possible lack of emergency,  and lack of resources are seen as delaying and hampering 

factors for adaptation measures. 

Cross-sectoral communication is needed to reach potentially more impactful and cost-efficient adap-

tation policies that would also consider different temporal and spatial dimensions of climate change 

impacts (Jurgilevich et al., 2022). For example, hearing insights from health sector might produce 

ideas where cities, functions and residents health could be increased during extreme weather events. 

Younger et al. (2008) suggest including healthcare providers into discussion regarding built environ-

ment as physical environment has a strong impact on health. The results of this study reinforce this 

as many health-related issues could be avoided with the knowledge health sector workers have of 

urban environment impacts on residents health. Issues stemming from physical environment could be 

addressed and prevented with increased knowledge of the relationship between physical environment, 

exposure, and human health. This would require that researchers and public health professionals pay 

attention to the methods that illustrate relations between urban context and health (Galea and Vlahov, 

2005). 

This thesis is an important step towards understanding how cities’ moderating factors impact on cli-

mate change induced human health impacts. Although climate risk pathways are gaining importance 
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regarding adaptation measures, the adverse human health impacts are still not well-understood. This 

qualitative case study is repeatable in theory, for example in other cities. This study has examined 

two Finnish wealthy cities where socio-economic situation is from an international perspective equal. 

While the results of this study are unapplicable generally to cities, the results show that there are 

connections between how city system and system factors impact on different vulnerability and expo-

sure outcomes. One important notion from the results is that industrialized countries need to consider 

the moderating factors significance in cities. There is a growing amount of literature about climate 

change induced health impacts in cities and a growing need to understand the impacts climate change 

has on humans in urban areas.  

The analytical framework and the data supported each other well. The reliability of the research could 

have been better if equal numbers of interviewees participated from different sectors and case areas. 

However, it is notable that the case areas and their sectors varied in sizes, thus number of interviewees 

should be set in proportion regarding which area they are representing. The interviews were held 

during extremely hot summer, which might be the reason why heat related issues were brough up 

most often. The results might have shown more variance if the interviews were kept throughout the 

investigation year. It is notable, that data saturation method depends on the researcher’s capability to 

recognize new perspectives and the exact saturation point is challenging to notice; however, the line 

must be drawn somewhere (Hirsjärvi et al., 2004). The data coding was shared between three coders 

and even though rehearsal rounds were conducted it is not completely downright to combine three 

different works; with qualitative studies new perspectives rise each time the data is analysed meaning 

that the data is never completely exhausted. Margin of error was minimized by using ICA. The study 

could also have been finetuned by analysing different city system and climate risk synergies for each 

city or for each case area. 
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6 Conclusions 

This thesis has studied how city systems and system factors moderated different vulnerability and 

exposure outcomes. The research background and the analytical framework emphasize the complex-

ity of the effects and their various temporal and spatial dimensions influencing on experienced im-

pacts. The results of this study illustrate that climate risk elements, vulnerability, and exposure, are 

nested in the dynamic city system complex. Social environment is a strong agent affecting various 

vulnerability outcomes. Factors, such as social well-being and satisfaction with relationships are 

found to impact on social environment and further on how an individual is impacted by climate haz-

ards. Physical environment impacts on how residents are exposed to various climatic events and pol-

icy and planning influences how vulnerability and exposure can be decreased. These city systems 

interact continuously and dynamics between them together with the climate risk and health impact 

pathway determines the climate change induced human health impact.  

Examining cities with systems approach help to decode complexity and to recognize different inter-

actions and relationships leading to various vulnerability and exposure outcomes. Examining built 

environment features, social environment’s characteristics and how policy and planning impact on 

them and the other way around, vulnerability and exposure outcomes are understood better. The data 

of this study shows that physical and social environment are tightly coupled and their relationship 

characteristics result in decreased or increased climate risk. Policy decisions that address both city 

systems, social and physical environment, simultaneously, would tackle issues stemming from each 

of them. These solutions would be especially important to vulnerable populations, as those residents 

in strained positions are exposed to climate change impacts in physical environment the most.  

Due to the nested and dynamic characteristics of city systems, the most efficient adaptation measures 

would tackle multiple issues simultaneously cost-effectively and equally in the first place. This re-

quires multisectoral communication and cross-sectoral adaptation policy implementations. One of the 

main issues emerging from the data is inefficient policy measures that aim to enhance living condi-

tions without fully succeeding. Exposure and vulnerability could be reduced by reducing climate risk 

elements to begin with and with considering adaptation policies thought out city systems. Adaptation 

policies require institutional shift where adaptation policy implementation responsibility is sifted 

from individuals to institutions.   

The data shows that health impact pathways are important factors influencing on different vulnera-

bility and exposure outcomes. The findings of this study emphasize that cities’ moderating factors 

influence on the direction and strength of the impacts that are spatially and/or temporally distal. As 
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an example, physical environment’s characteristics determine how residents are exposed to air pollu-

tion, water damage, or heat waves and how these impacts effect residents in prolonged situations. In 

these cases, physical environment has the potential to exacerbate or reduce exposure to these impacts. 

Considering cities’ moderating factors in the beginning would results in decreased climate risk and 

in cost-efficiency. Planning cities that have decreased exposure and vulnerability to climate change 

impacts lowers the need to set policies that are inefficient and hard to implement.  

Identification of different city system, climate risk and health impact pathway synergies doesn’t pro-

mote better anticipatory adaptation policies as such. Better understanding of efficient anticipatory 

adaptation policies require further understanding of the consequences resulting from the policy deci-

sions in physical and social environment in the long run. The sooner these are considered the more 

cost-efficient they are. Cities should clarify who takes responsibility of adaptation measures. Working 

together with universities and higher education institutions would result in better and newer 

knowledge of adaptation measures.  

It would be beneficial to further study what cross-sectoral adaptation policies are needed, that would 

tackle multiple negative health impacts at once and how they could be implemented. Further studies 

could test the analytical framework in other cities and investigate what adaptation measures the stake-

holders would consider important to enforce. Cities should also investigate, how adaptation measures 

in policy and planning could be more manoeuvrable, as some issues in the data stemmed from slow 

implementation and outdated knowledge.  
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APPENDIX 

APPENDIX 1 

I = Information Q = Question F = Follow-up question 

 Intro  

I 
 

Hi! Thank you for agreeing to participate the interview.  

This interview is part of a HERCULES consortium funded by The Academy of Finland. 
The goal of the consortium is to study how health related risks develop in cities; aiming 
to tackle the question of how to better adapt to climate change in the future. During the 
next hour and half, we will ask you questions and show you a timeline which you may 
use as a tool for the conversation. We are particularly interested in your personal experi-
ences, and we hope that you speak all your thoughts out loud. We do not assess or evalu-
ate your knowledge and we wish you speak freely. We do not use your conversation as a 
base to create a clear picture of the case area. The goal is to create a rich spectrum of dif-
ferent views to clarify the subject that has been studied very little.  

We would start the recording now, do we have the permission to record your conversa-
tion? [Start recording] 

At this point, we want to make sure you have received and read and agree with the data 
protection statement and that you agree with the statement of how this material will be 
used as described on the document. We do not share your personal information for out-
siders and all the conversations will be portrayed anonymously.  

[Share PowerPoint to the screen] 

The research examines changes that have had an impact to the case area’s residents’ 
health and well-being and the reasons that have driven the changes. Today we will dis-
cuss the case area’s physical structures and social factors, which can have an impact on 
how phenomena such as climate change causes health issues. The interview focuses on 
past events, reaching back to 30 – 50 years.  

10 

min.  
Question Follow-up question or clarification (if needed) 

1 
Tell shortly who you are and how does 
your profession link to the case area? 

 

1.2 
Do you handle any themes related to 
health and well-being in your work? 

What do you mean with health/well-being? 

20 

min.  

The factors impacting health and well-being in the case are and how they have changed 
during time.  

2 
What factors impact residents’ health 
and well-being in the case area? 

You may describe many different factors that 
are typical for the area. You may start by tell-
ing the present impacts and the recent impact.  

Please, clarify how the impact(s) you men-
tioned describes the area.  

2.1 How?  
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3 
Has there been any changes during the 
last decade? 

Please, think all the impacts you mentioned.  

3.1 
What factors have driven these 
changes? 

Please, answer as detailed as possible. You 
may as well bring up impacts from outside the 
case area.  

Do you recognize the decisions, plans, policies, 
etc. behind the changes?  

Are the impacts on health and well-being con-
sidered in the decision/plan/policy you men-
tioned? How? 

35 

min.  
Vulnerability and exposure 

4 

Have the climate or weather conditions 
had any impacts on the factors men-
tioned before? 
 

Climate and weather are discussed on a general 
level. There is no need to base the conversation 
on certain climate related impacts.  
If needed, clarify what is the difference be-
tween climate and weather and how climate 
change impacts cities.  
How? 

4.1 
Does any other mentioned factors im-
pact on how weather and climate effect 
on residents in the area? 

How?  

45 

min.  
Timeline examination 

I 

Next, we will examine a timeline which describes the case area with examples of 
changes that have happened in the area. Different colours and pictures describe various 
factors, and it is not needed to pay special attention to them. You have couple of minutes 
to read the timeline. [Approximately 3 minutes.] 

5 

With the help of the timeline and the 
previous conversation, do you recog-
nize any new negative impacts to the 
area’s resident’s health and well-be-
ing? 

You may start from the beginning of the time-
line.  

Do you recognize the decisions, plans, policies 
behind the changes?  

Does the decision/plan/policy consider impacts 
on health and well-being? How? 

How about climate and weather impacts? 

5.1 
How have climate and weather condi-
tions impacted the development of the 
issues?  
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60:00 

min.  
Orientation towards the future  

6 

Which of the mentioned factors are the 
most important changes or decisions 
considering the health and well-being 
of the residents of the area? Pick 2 – 3 
factors. 

(Green bubbles above the time are factors men-
tioned during this conversation.) 

6.1 Why these are the most important?  

70 

min.  
Adaptation measures  

7 

 
What measures would be important 
considering decreasing the negative 
health and well-being impacts? (Con-
sidering future and climate change) 

If needed, clarify how different programs and 
policies guide cities to consider the issues.  
 

I Next, lets focus on the light-yellow bubbles below the timeline 

8 
Are these tools to decrease the climate 
and weather-related negative impacts 
familiar to you?  

If not, do you recognize any similar ways that 
are not mentioned yet during this conversation?  

8.1 What are your experiences on those?  

8.2 
How important would you think these 
are to decrease negative health related 
impacts?  

Are some of these more important than the oth-
ers now or in the future?  

75min Ending  

9 
Is there something you would like to 
bring up before we end the interview?  

Questions or comments? 

I 

We thank you for your time and invest 
to this important research. We’d re-
mind that the conversation is trustful, 
and details are not for people outside 
of this interview, although the themes 
are free for you to discuss freely. If 
you have any questions regarding the 
interview or research, we are glad to 
answer. Results of the studies will be 
published at latest by 2023 after the 
consortium has ended. Thank you.  
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