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This thesis examines how climate risks may affect the Finnish real estate market and how
these risks can be transmitted into financial risks within the broader financial system.
Climate change is increasingly recognized as a source of systemic economic risk,
particularly through policy, technological, and energy market transitions associated with the
shift toward a low-carbon economy. Real estate is especially exposed to such developments
due to its long-life cycle, energy dependence, and central role in household wealth,
investment portfolios and as collateral for bank lending.

In Finland, where heating demand and electricity use are significant determinants of
operating costs, changes in energy prices, regulatory requirements, and energy efficiency
standards may influence property values, rental income, and financing conditions.

The study adopts a forward-looking scenario-based approach using climate transition
pathways developed by the Network for Greening the Financial System (NGFS). These
scenarios are applied to examine how evolving climate policies, technological change, and
energy market developments may affect electricity pricing, renovation needs, and cost
structures in the real estate sector. The analysis focuses on key transmission channels,
including asset valuation, cash flows, and credit risk, through which climate-related changes
may influence financial stability.



ACKNOWLEDGEMENTS

I would like to express my gratitude to everyone who supported me during the process of
writing this thesis by giving their opinions and insights. In particular, I wish to thank Atso
Andersen for his insightful opinions, practical advice, and direction from Porasto’s
perspective. His willingness to share his broad experience and provide constructive
feedback helped me better understand the real-world context of the topic and supported the
development of this thesis in a real and meaningful way.

I would also like to thank my supervisor, Tero Rantala for support and motivation
throughout the process. The encouragement helped me stay focused and committed during
the different stages of this work.

Abbreviations

NGFS Network for Greening the Financial System

OECD Organisation for Economic Co-operation and Development

EU The European Union

BIS Bank for International Settlements

DNB De Nederlandsche Bank, The Dutch central bank

SFDR Sustainable Finance Disclosure Regulation

ORSA Own Risk and Solvency Assessment

FIN-FSA  Finnish Financial Supervisory Authority.

UNEP FI  United Nations Environment Programme Finance Initiative

EIOPA European Insurance and Occupational Pensions Authority

GTK Geological Survey of Finland

Symbols

°C Celsius



4

Table of contents

Abstract

Acknowledgements

Abbreviations and Symbols

Declarations

1. Introduction .................................................................................................................... 7

1.1. Background and Motivation .................................................................................. 8

1.2. Research objectives and questions ......................................................................... 9

1.2.1. Research Approach ........................................................................................ 9

1.2.2. Analytical Framework: Real Estate as Transmission Channel .................... 10

1.2.3. Scope and Limitations ................................................................................. 11

2. Climate Change and Financial Risk ............................................................................. 12

2.1. Climate-Related Risks Can Affect the Financial System .................................... 12

2.2. Climate Risk Assessment in Insurance Sector ..................................................... 13

3. Climate Risks in Real Estate ........................................................................................ 15

3.1. Physical Risks in Real Estate ............................................................................... 15

3.2. Transition Risks in Real Estate ............................................................................ 16

4. Climate risks affecting Finnish real estate .................................................................... 18

4.1. Physical risks affecting Finnish real estate .......................................................... 18

4.1.1. Flooding and Water-Related Hazards .......................................................... 18

4.1.2. Weather and Wind Related Hazards ............................................................ 19

4.1.3. Heat Stress and Associated Health Risks .................................................... 19

4.1.4. Projected Changes in Forest Fire Risk in Fennoscandia .............................. 20

4.1.5. Acid Sulfate Related Soil Hazards ............................................................... 21

4.2. Transition Risks Affecting Finnish Real Estate ................................................... 22

4.2.1. Rising Electricity Demand as a Transition Risk .......................................... 22

4.2.2. Energy Consumption Patterns of Buildings are Projected to Change ......... 23

4.2.3. Large-Scale Energy Retrofitting and Its Economic Implications ................ 24

4.2.4. The 2026 Energy Efficiency Act Reform Poses New Challenges ............... 25

5. Scenario-Based Analysis Using NGFS ........................................................................ 26



5

5.1. Overview of NGFS Scenarios .............................................................................. 26

5.2. Recent Performance of Finnish Institutional Real Estate Investments ................ 28

5.3. NGFS Scenarios Applied on Finnish Real Estate ................................................ 30

5.4. Long-Term Interest Rate Development under NGFS Scenarios ......................... 32

6. Discussion..................................................................................................................... 34

6.1. Findings Based on NGFS-scenarios .................................................................... 35

6.2. Health Risks and Cooling Demand ...................................................................... 35

6.3. Transition Risks May Materialise Before Severe Physical Risks ........................ 36

6.4. Weak Market Conditions Can Reduce the Sector’s Ability to Adapt ................. 37

6.5. Earlier Assumptions of Lower Energy Costs May Become Outdated ................ 38

7. Conclusions .................................................................................................................. 40

7.1. Implications for homeowners .............................................................................. 42

7.2. Implications for institutional investors ................................................................ 42

7.3. Limitations ........................................................................................................... 43

7.4. Future research ..................................................................................................... 44

References ............................................................................................................................ 45



6

DECLARATIONS

Turnitin

The originality of this thesis has been reviewed with the Turnitin similarity checking

service.

AI usage

The author of the thesis, Max Martikainen, used the following AI-tools during the

preparation of the thesis:

1. AI tool name: ChatGPT 5.5 by Open AI

a. Purpose of use:

Artificial intelligence was used as a supporting tool during the thesis writing

and revision process.

b. Explanation of the use of the tool:

OpenAI’s ChatGPT 5.5 was used to identify possible grammar mistakes,

unclear wording, inconsistencies and areas where the argumentation could be

improved. AI was also used to support the search for relevant studies,

summarize reports and other source material. All AI-generated suggestions

and possible source recommendations were independently evaluated by the

author before use. The final content, analysis, conclusions and text of the

thesis were fully produced by the author.

Responsibility

The author, Max Martikainen, takes full responsibility for the content of this thesis and has

reviewed and edited the content generated by the possible use of AI tools.



7

1. Introduction

Climate change has emerged as one of the most significant long-term challenges affecting

economies, societies and financial systems worldwide. Increasing global temperatures,

changing weather patterns and the transition toward low-carbon energy systems are not only

environmental concerns but also sources of financial risk (Batten, 2018; BIS, 2020; OECD,

2025; UNEP FI, 2023). These risks can materialize through physical impacts, such as

extreme weather events and rising energy demand, as well as through transition dynamics

driven by regulation, technological change and shifting market preferences (FSB, 2020;

2020; OECD).

These risks are commonly referred to as climate-related risks and are usually divided into

two main categories: physical risks and transition risks. Physical risks arise from the direct

impacts of climate change, such as flooding, heat stress, storms, and other weather-related

hazards. Transition risks, in contrast, arise from the adjustment toward a low-carbon

economy and include changes in regulation, energy prices, technology, and market

preferences (BIS, 2020; OECD, 2025; UNEP FI, 2023).

Recent evidence suggests that investors are increasingly demanding financial compensation

for exposure to both climate-related physical risks and transition risks (Giovanna et al.,

2023). However, due to the complexity, uncertainty, and long-term nature of climate risks,

traditional backward-looking risk analysis models are poorly suited to assessing their

potential economic impacts. As a result, forward-looking models based on plausible future

scenarios are needed to evaluate how climate-related risks may materialise under different

conditions (BIS, 2020; OECD, 2025).

The real estate sector is particularly exposed to climate-related risks. Buildings are long-

lived assets and are strongly influenced by regulation, energy prices and location-specific

physical risks. Despite the growing importance of climate-related financial risks, their

implications for the real estate market remain relatively underexplored, particularly from a

lack of granular property level data (OECD, 2025). According to the Finnish Financial

Supervisory Authority (FIN-FSA) real estate is closely connected to household balance

sheets, collateral values, banks and institutional investors, therefore changes in the real estate

sector may have implications for the stability of the wider financial system (FIN-FSA,
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2025b). This makes real estate a relevant sector for studying how climate-related risks may

be transmitted into financial risks.

1.1. Background and Motivation

In 2020, the Bank for International Settlements (BIS) introduces the concept of the Green

Swan to describe the phenomena related to the economic risks caused by climate change.

The concept is based on the Black Swan Theory created by Nassim Nicholas Talebi in 2007

(Taleb, 2007). Black swan event chains have three characteristics: they are rare, they are

phenomena that occur contrary to expectations, but their effects spread widely. It is typical

of Black Swan events that, they can only be explained in retrospect, such as disruptive

technology or natural disasters. (BIS, 2020)

However, the green swan differs significantly from the black swan because we know that

the risks of climate change will materialize, but we still have difficulty assessing how

strongly they will hit our economies, possibly even causing an economic crisis. Although

the impacts of climate change are uncertain, we are certain that climate change poses

physical and transition risks to the economy (BIS, 2020). Such shocks are becoming more

common, but preparing society for them is a challenging task, as there is still insufficient

information on how to address climate linkages between economic actors related to climate

change in a comprehensive and reliable manner. (IDDR, 2023)

For Finland specifically, the importance of the topic is easy to justify. Housing wealth

remains central to household balance sheets: in 2023, owner-occupied housing accounted

for 45% of households’ total assets, and housing wealth overall for 61% of total assets.

(Tilastokeskus, 2025). At the same time, the financial system is heavily exposed to real

estate: FIN-FSA reported that in June 2024, housing loans and other loans secured by real

estate accounted for 59% of all household and corporate loans granted by Finnish banks.

FIN-FSA also highlighted significant real estate-related credit, investment and liquidity risks

in the Finnish financial sector due to the poor performance of the real estate market. (FIN-

FSA, 2025b)

The ongoing situation in Netherlands provides a particularly relevant example case for

understanding how climate risks can influence real estate markets. Due to its geographical
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characteristics, approximately 24% of the country lies below sea level, and without

protective infrastructure, up to 60% of its territory would be vulnerable to flooding. For

example, Accordingly to De Nederlandsche Bank (DNB), potential flood damages in the

Netherlands have been estimated at between EUR 20 and 60 billion under different

scenarios. As a result, the DNB and other institutions in the Dutch financial sector are

increasingly promoting physical climate risk assessments to evaluate asset vulnerability and

potential losses (Attoh et al., 2022).

1.2. Research objectives and questions

The objective of this thesis is to examine how climate-related risks affect the Finnish real

estate market and how these effects may be transmitted into broader financial risks. To

address this objective, the thesis is guided by one main research question and three sub-

questions.

The main research question is:

 How do climate-related risks affect the Finnish real estate market?

This main question is addressed through the following sub-questions:

 What kinds of physical and transition climate risks are affecting Finnish real estate?

 Through which mechanisms do climate-related risks influence property values in the

Finnish real estate market?

 How can changes in real estate performance be transmitted into broader financial

risks in the Finnish context?

1.2.1. Research Approach

Given the long-term and systemic nature of climate change the study focuses on identifying

and analysing the mechanisms through which climate risks may influence real estate

valuation. The research builds on existing academic literature, institutional reports and

scenario-based frameworks. The objective is to develop a structured understanding of how
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different types of climate risks can affect the Finnish real estate market and propagate into

wider financial risks.

This thesis adopts qualitative literature review as the main research method, while including

forward-looking quantitative approach adopting climate scenarios developed by the network

of greening the financial system (NGFS), to examine how climate-related risks can affect

valuation and returns of real estate in Finland. Their use is also recognised by the FIN-FSA

for risk analysis, including mandatory own risk and solvency assessment (ORSA) reports

(FIN-FSA, 2024).

The researched literature for this thesis was selected based on its relevance to the research

questions, with emphasis on studies in the Finnish or Nordic context when possible. A fully

systematic literature review was not considered appropriate for this thesis, as the amount of

research specifically addressing climate-related risks in the Finnish real estate sector remains

limited. Where possible, the thesis prioritises up to date sources that reflect current

regulation, supervisory expectations and recent market developments. This is important

because climate-related risk management is a rapidly developing field and related regulatory

frameworks are continuously evolving.

1.2.2. Analytical Framework: Real Estate as Transmission Channel

The core analytical framework of this thesis is based on the concept of real estate as a

transmission channel through which climate risks may be converted into financial risks. The

framework is developed based on OECD research on addressing climate-related risks in real

estate (OECD, 2025) and distinguishes three stages of transmission.

Figure 1. Analytical framework.

First, climate risks originate from external drivers such as, temperature rise, increased

flooding, climate policy, energy market developments, technological change and evolving

Climate
risks

Real-estate
impacts

Financial
Risks
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investor preferences. These drivers affect the economic environment in which real estate

assets operate. (OECD, 2025)

Second, these changes are transmitted to the real estate sector through several mechanisms.

These include increased operating costs (e.g. higher energy prices), capital expenditure

requirements (e.g. energy retrofitting), changes in rental income and shifts in demand for

different types of properties. As a result, property attractiveness, valuation, yields and

liquidity may be affected. (OECD, 2025)

Third, changes in real estate performance are transmitted to the financial system. Because

real estate assets are widely used as collateral and represent a significant share of investment

portfolios, changes in property values and cash flows can affect financial stability. (OECD,

2025)

1.2.3. Scope and Limitations

This thesis focuses on the Finnish real estate market and its role in transmitting climate risks

into financial risks. The analysis is conducted at a macro and sectoral level, rather than at

the level of individual properties or portfolios. As a result, the findings should be interpreted

as indicative of broader trends rather than precise estimates for specific assets. The thesis

does not aim to anticipate monetary losses or gains in amount, rather its aim is to point out

plausible risks associated with climate change.

The included scenario analysis does not produce predictions of the future; rather, it provides

structured illustrations of plausible developments under different assumptions. The findings

should therefore be interpreted as analytical and indicative, not as precise forecasts of future

property values, yields, credit losses or macroeconomic outcomes.
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2. Climate Change and Financial Risk

Climate change introduces a new category of risks that can affect economic activity and

financial stability. These risks are commonly divided into two main types: physical risks and

transition risks. (Batten, 2018; BIS, 2020; OECD, 2025)

Physical risks arise directly from the changing climate and its environmental impacts. These

include acute events such as storms, floods, and heatwaves, as well as chronic changes like

rising average temperatures, increased precipitation, and shifting weather patterns. In the

context of real estate, physical risks may affect the condition, usability, and value of

buildings. For example, increased flooding risk can lead to higher insurance costs, damage

to property and in extreme cases, a decline in property attractiveness and market value. (BIS,

2020; OECD, 2025)

Transition risks, in contrast, arise from the process of adjusting to a low-carbon economy.

As governments, firms, and societies aim to reduce greenhouse gas emissions, new policies,

regulations, technologies, and market preferences are introduced. These changes can have

significant financial consequences. Transition risks may stem from stricter energy efficiency

requirements, carbon pricing, new building standards, or shifts in energy systems. For the

real estate sector, this can mean higher renovation costs, pressure to improve energy

performance, and potential obsolescence of inefficient buildings. Properties that fail to meet

new standards may experience declining demand, reduced rental income, or lower market

valuations. (BIS, 2020; OECD, 2025)

2.1. Climate-Related Risks Can Affect the Financial System

Climate-related risks are not limited to individual assets or sectors; they can affect the entire

financial system (BIS, 2020; OECD, 2025). Banks, insurance companies, pension funds, and

other financial institutions are exposed to climate risks through their lending, investment,

and underwriting activities. Because real estate typically represents a large share of both

household wealth and bank collateral, climate-related developments in the property market

can have broader financial stability implications (OECD, 2025). Especially in Finland, the
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real estate market is a central component of the national economy and represents in many

cases the biggest part of household wealth (Suomen Pankki, 2018).

2.2. Climate Risk Assessment in Insurance Sector

Climate risk assessment has become a formal part of insurance-sector risk management and

supervisory reporting. In Finland, FIN-FSA has highlighted that regulatory changes have

brought sustainability risks into the supervision of insurance-sector investment activities and

risk management. Already in 2023, FIN-FSA referred to EIOPA’s supervisory expectations

concerning the inclusion of climate scenarios in companies Own Risk and Solvency

Assessments (ORSA). The same material states that institutions should assess the materiality

of climate risk exposures and for significant exposures, analyse the risks in more detail. In

addition, FIN-FSA also distinguishes between physical risks, such as floods and storm

damage, and transition risks arising from changes in regulation and the operating

environment. (FIN-FSA, 2023; EIOPA, 2022)

Since 2022, European insurers have been expected to integrate climate-related risks into their

ORSA processes, particularly through climate risk materiality assessments and forward-

looking scenario analysis. EIOPA’s guidance on climate change materiality assessments and

climate scenarios in ORSA emphasises that insurers should assess both physical and

transition risks and consider the long-term nature of climate-related impacts (EIOPA, 2022).

FIN-FSA has similarly stated that sustainability risks should be assessed and documented,

and material risks should be analysed as part of ORSA (FIN-FSA, 2021).

The regulatory framework is becoming more explicit through the revised Solvency II

framework. FIN-FSA states that the national implementation of the Solvency II amending

directive proposes a new provision to the Finnish Insurance Companies Act, requiring

insurance companies to identify material climate risks and assess material climate-related

impacts through scenario analysis. The materiality assessment forms the basis of the ORSA

process and if material climate risk exposure is identified, the company must produce climate

scenarios as part of ORSA. In particular, at least two scenarios are required: one in which

the global average temperature increase remains below two degrees Celsius and one in which

it clearly exceeds two degrees Celsius.
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FIN-FSA also notes that it is developing its supervisory model for the new regulation

entering into force in 2027 (FIN-FSA, 2026). However, according to the government's

proposal, the laws are intended to enter into force with the main entry into force starting on

30 January 2027. Certain provisions concerning the powers of the Financial Supervisory

Authority and laws concerning pension and patient insurance will follow an earlier entry into

force starting on 1 July 2026. (Finlex, 2026b)

This development is important for the methodological choices of this thesis. The included

NGFS based scenario analysis is not only a research method choice, but increasingly part of

recognised supervisory and risk management practice. FIN-FSA notes that, due to the

scientific nature of climate change assessment and limitations in available data, it is

recommended to rely on standardised scenario assumptions, also it observes that many

companies have relied strongly on NGFS-based scenarios in their ORSA climate scenario

analyses (FIN-FSA, 2026).
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3. Climate Risks in Real Estate

According to the OECD real estate assets are particularly vulnerable to climate related risks

because they are location-specific, immobile and long-lived. The severity of these risks

depends strongly on local geography, construction quality and urban planning conditions.

Some areas face significantly higher vulnerability due to topography, urban development

patterns or insufficient adaptation measures. As climate hazards become more frequent and

severe, these risks are expected to intensify, creating long-term challenges for property

owners, insurers, and financial institutions. (OECD, 2025)

The real estate market in Finland is regionally differentiated. Demand, price development,

and liquidity are generally stronger in growth centers, particularly in the Helsinki

metropolitan area, while in smaller municipalities population decline can weaken housing

demand and property values. (Suomen Pankki, 2018) This regional variation is important

when considering long-term risks, as demographic trends interact with broader economic

and climate-related developments (OECD, 2025).

3.1. Physical Risks in Real Estate

To systematically assess climate-related risks affecting economic activities, the study relies

on the European union’s Taxonomy framework. The EU Taxonomy Regulation and the

associated Climate Delegated Act established a standardized framework for identifying and

assessing climate-related risks as part of sustainable finance regulation (SFDR). Within this

framework, physical climate risks are defined through a classification of climate-related

hazards, which are grouped according to their underlying drivers and divided into chronic

and acute risk categories. (European Commission, 2021)

The EU Taxonomy identifies four main hazard categories: temperature-related, wind-

related, water-related, and solid mass-related hazards. These hazards include both gradual

climate changes (chronic risks), such as changing temperature patterns, precipitation

variability, sea level rise, and soil degradation, as well as extreme events (acute risks), such

as heatwaves, storms, floods, landslides, and wildfires. (European Commission, 2021)



16

Table 1, Appendix A from EU taxonomy framework (European Commission, 2021)

3.2. Transition Risks in Real Estate

In addition to physical climate risks, the real estate sector is exposed to transition risks arising

from the shift toward a low-carbon economy. Transition risks refer to financial and

operational risks associated with regulatory changes, technological developments, and

evolving market expectations related to climate change mitigation. Because buildings

account for a significant share of global energy consumption and greenhouse gas emissions,

the sector faces increasing pressure to reduce its environmental impact and align with climate

policy objectives (UNEP FI, 2023).

According to the UNEP Finance Initiative, several key transition risk drivers affect the real

estate sector. These include increasing regulatory and policy pressure, rising costs related to

indirect emissions in construction and building materials, shifting market preferences toward

energy-efficient buildings, changes in investor sentiment, and reputational risks for
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companies that fail to address climate impacts. These factors may influence property values,

investment flows, and the long-term competitiveness of real estate assets as climate policies

and sustainability expectations continue to strengthen (UNEP FI, 2023).

Table 2. Key climate risks for the real estate sector according to UNEP FI (UNEP FI, 2023)
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4. Climate risks affecting Finnish real estate

This section presents a literature review of the relevant climate-related risks affecting the

Finnish real estate sector based on studies and relevant example cases. The purpose of the

review is to identify climate risks that may influence the performance, valuation, and long-

term resilience of real estate assets in Finland. Because of the relevance of specific risks

variance depending on geographical and climatic conditions (OECD, 2025), it is necessary

to examine existing research focusing specifically on the Nordic and Finnish context.

4.1. Physical risks affecting Finnish real estate

In this section, the physical climate risks affecting Finnish real estate are identified and

examined using the EU Taxonomy classification of climate-related hazards presented in

Table 1. The taxonomy distinguishes between chronic and acute physical risks and groups

them into temperature-related, wind-related, water-related and solid mass-related hazards

(European commission, 2021). This framework provides a systematic basis for assessing

which climate hazards are material in the Finnish real estate context.

4.1.1. Flooding and Water-Related Hazards

The literature review by Sjöblom et al. (2018) identifies several key physical climate risks

that are particularly relevant for real estate assets in Finland. In the study, one of the most

significant risks examined are related to water and weather-related hazards, including

flooding, increasing precipitation and storm events.

Increased rainfall and more intense precipitation may raise the likelihood of both river and

urban flooding, which can cause direct damage to buildings and surrounding infrastructure.

In addition, higher levels of precipitation and humidity may increase moisture stress on

building structures, potentially leading to material deterioration, mold growth, and higher

maintenance costs. Storms and strong wind events also represent a relevant risk, as they can

cause structural damage to buildings, roofs, and urban infrastructure. Together, these hazards
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highlight that water-related and extreme weather risks are among the most important

climate-related threats affecting real estate assets in Finland (Sjöblom et al., 2018).

4.1.2. Weather and Wind Related Hazards

In Finland, the physical risks of climate change caused by wind damage have traditionally

been studied through forest damage, as forest damage has played the most visible role.

Forests can experience extensive wind damage, as strong winds can topple trees over large

areas. Based on research evidence, the risks to Finnish forests caused by wind and

simultaneously significant snow loads are predicted to increase in the future, although strong

storms occur relatively rarely. At the same time, fallen trees, together with other storm

damage, can cause damage to energy infrastructure. Extreme weather events, such as high

winds, which can lead to physical damage to real estate assets are predicted to become more

common as climate change progresses. (Gregow et al., 2011)

4.1.3. Heat Stress and Associated Health Risks

High indoor temperatures are an important health concern since most people spend most of

their time inside buildings. Indoor temperature is particularly important for vulnerable

groups such as older adults and people with chronic illnesses, who are more susceptible to

heat-related harm and often spend most of their time indoors (Lahdensivu et al., 2023).

According to Lahdensivu et al, high indoor temperatures are associated with a range of

adverse health effects, including increased respiratory symptoms, reduced sleep quality,

headache, dizziness, fatigue and elevated core body temperature. However, the report also

notes that the evidence base remains relatively limited and methodologically uneven, which

means that an exact threshold temperature for the onset of health harm cannot yet be defined

with certainty. Nevertheless, harmful effects have been reported at temperatures below 30

°C, and the available evidence suggests that indoor temperatures in the range of

approximately 26–32 °C may already be detrimental to health (Lahdensivu et al., 2023).
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The significance of indoor overheating is further illustrated by measurements from Helsinki

apartment buildings during summer 2021. In the study by Lahdensivu et al, indoor

temperatures were measured in nearly 4,200 apartments and the results showed that more

than 80% of dwellings exceeded 27 °C for at least one day during the summer period. In

addition, just under half of the apartments exceeded 27 °C continuously for one week, while

nearly 10% exceeded 30 °C for at least one day. These findings indicate that indoor

overheating is not an exceptional phenomenon even in Finland, but a recurring issue during

warm periods (Lahdensivu et al., 2023).

The study by Votsis et al (2021), produced by the Finnish Meteorological Institute

complements the findings. It shows that heat exposure is shaped not only by temperature

itself but also by the built environment, weather patterns, proximity to the sea, and the urban

heat island effect. The study further notes that heatwave-attributable mortality in Helsinki

may be approximately 2.5 times higher than in the surrounding more rural areas, suggesting

that densely built urban environments may intensify heat-related health risks. Although the

study focuses primarily on outdoor heat stress, its findings support the broader conclusion

that heat-related health risks are likely to be especially relevant in urban settings where

indoor overheating may also be more severe. (Votsis et al., 2021)

4.1.4. Projected Changes in Forest Fire Risk in Fennoscandia

Climate change is expected to alter forest fire dynamics in Fennoscandia during the twenty-

first century. Although annual precipitation is projected to increase, rising temperatures are

nevertheless expected to increase forest fire risk, mainly through a longer fire season and

drier fuel. According to Kinnunen et al. (2024), the probability of fires is generally projected

to rise from the present climate to the end of the century, even though the magnitude and

direction of change vary depending on location and climate projection. Their modelling

results suggest that relative to the reference period 1981–2010, the fire season in

Fennoscandia may lengthen substantially by 2071–2100, increasing on average from 20 ± 7

days to 52 ± 12 days. At the same time, the fire season is projected to begin earlier and end

later than at present (Kinnunen et al., 2024).
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The results for Finland also indicate considerable uncertainty in the projected number of

fires and burnt area. Depending on the climate scenario and model used, the number of fires

in Finland is projected to change between approximately −7 ± 4% and +98 ± 56%, while

burnt area is projected to change between −19 ± 24% and +87 ± 42% by the end of the

century (Kinnunen et al., 2024).

These findings suggest that, although exact outcomes remain uncertain, forest fire conditions

in Finland and more broadly in Fennoscandia are likely to become more favourable for fire

occurrence under future climate change. Therefore, changing wildfire risk should be

considered one of the relevant climate-related pressures affecting northern forest

environments in the future (Kinnunen et al., 2024).

4.1.5. Acid Sulfate Related Soil Hazards

A relevant soil-related climate hazard in Finland is associated with acid sulfate. These soils

originated from sulphur-rich marine sediments that accumulated on the floor of the ancient

Baltic Sea and were later raised onto land by post-glacial rebound. Under natural

waterlogged conditions, the sulfidic layers usually remain below the groundwater table and

are relatively stable. However, when soils are drained, excavated, or otherwise exposed to

oxygen, sulfuric acid is formed and harmful metals are mobilised into the surrounding

environment. According to Geological Survey of Finland this means that the exposure to

oxygen is practically always the result of human activity. (GTK, 2022; GTK, 2023)

Finland has the largest acid sulfate soil area in Europe, estimated at about 1,000,000 hectares

along the coast according to Geological Survey of Finland (GTK). The issue is also relevant

to real estate and land development. GTK states that acid sulfate soils should be considered

in the planning stages of land use and construction, that they can create a corrosive

environment detrimental to steel and concrete structures, and that risk areas may require site-

specific sulfate soil or corrosion surveys. GTK also notes that considering these soils early

helps avoid “expensive surprises” during development. (GTK, 2022; GTK 2023)

On that basis, it is academically justified to argue that land in affected areas may require

more investigation, more careful drainage and excavation planning, and potentially more

protective construction measures. In other words, acid sulfate soils can increase the
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complexity and likely cost of developing land, especially where underground or concrete

structures are involved (GTK, 2022; GTK, 2023).

4.2. Transition Risks Affecting Finnish Real Estate

In this section, the relevant transition risks examples affecting Finnish real estate are

examined using the framework presented by the UNEP Finance Initiative. According to

UNEP FI, the key transition risk drivers for the real estate sector include increasing

regulation and policy pressure, rising costs related to indirect emissions, shifting market

preferences, changes in investor sentiment, and reputational risks (UNEP FI, 2023).

An assessment based on research by the Ministry of Finance states that transition risks are

currently more significant for the Finnish economy than the physical risks caused by

foreseeable climate change. The economic transition towards sustainable development and

economic growth is significantly driven not only by Finnish and EU policy measures, but

also by global technology and changes in human behaviour. (Ministry of Finance Finland,

2026)

4.2.1. Rising Electricity Demand as a Transition Risk

In general Finnish buildings are designed to withstand cold weather conditions, which means

they are relatively well insulated and structurally robust. However, the northern climate also

results in high energy consumption, especially for heating during long winter periods. As a

result, energy performance is a key factor influencing both operating costs and long-term

property attractiveness. (Pulkkinen et al., 2024)

Finland’s electricity consumption is expected to grow significantly in the coming decades.

As demand rises, price of electricity can rise accordingly if energy production cannot keep

up. According to Fingrid’s forecasts, national electricity consumption could increase from

approximately 83 TWh today to between 103–123 TWh by 2030 and potentially up to 159

TWh by 2035, with data centres identified as one of the largest drivers of demand growth.

(Fingrid, 2025)
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For real estate assets, higher electricity prices can lead to increased operating costs for both

property owners and tenants. Buildings with low energy efficiency are particularly

vulnerable, as they require more energy to maintain acceptable indoor conditions. Rising

energy prices may reduce the attractiveness and value of energy-inefficient buildings, while

increase the importance of energy efficiency improvements and renovations.

(Gholamzadehmir et al., 2025)

4.2.2. Energy Consumption Patterns of Buildings are Projected to Change

Climate change is projected to significantly alter the energy consumption patterns of

buildings in Finland, primarily through its impact on outdoor temperature and seasonal

climate conditions. According to Jylhä et al. (2015), rising average temperatures are

expected to reduce heating demand while simultaneously increasing the need for cooling.

These changes reshape the overall energy profile of buildings, even if total energy

consumption declines. (Jylhä et al. 2015)

In contrast, cooling energy demand is projected to increase as warmer summer temperatures

become more frequent. Although cooling has historically played a minor role in Finnish

buildings, its importance grows under future climate conditions. Despite this increase,

cooling demand remains relatively small compared to heating demand and therefore does

not fully offset the reductions in heating energy use. (Jylhä et al., 2015)

Overall, the combined effect of decreasing heating demand and increasing cooling demand

leads to a net reduction in total delivered energy consumption in buildings. However, the

structure of energy use changes, with a declining reliance on heating energy and a growing

share of electricity-based cooling. (Jylhä et al., 2015)

As discussed in the previous section on physical climate risks, this development is also

linked to indoor overheating and its health impacts. Since high indoor temperatures may

create significant health risks, especially for vulnerable population groups, cooling should

be seen not only as a matter of comfort but also as a measure that supports safe and healthy

indoor conditions (Lahdensivu et al., 2023).
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This development may affect market preferences, as real estate assets without adequate

cooling or overheating protection may become less attractive. Thus, the growing importance

of cooling reflects both changing energy use and the increasing relevance of health and

climate resilience in the real estate sector. (Lahdensivu et al., 2023; Jylhä et al., 2015).

4.2.3. Large-Scale Energy Retrofitting and Its Economic Implications

Large-scale energy retrofitting of the existing building stock is widely recognized as a central

mechanism through which climate transition policies are transmitted to the real estate sector.

In the Finnish context, this process is particularly relevant due to the relatively old apartment

building stock and the ambitious national targets of carbon neutrality. Hirvonen et al. (2022)

provide a comprehensive analysis of this transition in Finland by modelling the long-term

impacts of deep energy retrofitting across the national apartment building stock. (Hirvonen

et al., 2022)

Their results show that retrofitting can substantially reduce emissions, but the scale of the

impact is highly dependent on both the depth and timing of the interventions. While

cumulative emission reductions by 2050 can reach up to approximately 30% under more

ambitious retrofit strategies, the effectiveness of these measures is moderated by the parallel

decarbonisation of the energy system. As electricity and district heating become less carbon-

intensive over time, the relative contribution of building-level efficiency improvements

declines. This finding suggests that the climate benefits of retrofitting are not fixed but

instead depend on broader energy system dynamics. (Hirvonen et al., 2022)

From the perspective of real estate markets, a particularly important insight relates to the

uneven distribution of economic impacts across stakeholders. Cost-effective retrofit

strategies can generate positive net present value for building owners, indicating that certain

efficiency investments are financially rational even without policy intervention. However,

more extensive retrofit measures aimed at maximizing emission reductions are often not

privately profitable, as the required upfront investments outweigh the long-term energy

savings. This creates a structural tension between private incentives and societal climate

objectives, implying that regulatory measures, subsidies, or financing innovations may be

necessary to bridge the gap. (Hirvonen et al., 2022)
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In addition, retrofitting has broader macroeconomic implications that further reinforce its

relevance for real estate markets. The study finds that large-scale retrofit programs can

generate significant employment over multiple decades and reduce reliance on imported

fossil fuels, thereby improving the national trade balance. These effects also highlight the

interconnectedness between the built environment and the wider economy, suggesting that

changes in the building stock influence not only investment performance but also systemic

economic stability. (Hirvonen et al., 2022)

4.2.4. The 2026 Energy Efficiency Act Reform Poses New Challenges

The Finnish Energy Efficiency Act reform (1382/2025), which entered into force on 1

January 2026, significantly strengthens climate-related transition regulation in Finland and

affects a wide range of actors relevant to the real estate sector, including public bodies,

municipalities, contracting authorities, energy retailers, district heating and cooling

operators, data centres, and corporate energy users. (Finlex, 2026a)

Public bodies must monitor and report final energy consumption annually, with the reporting

obligation applying from 2026 to municipalities with more than 50,000 residents, from 2027

to those with more than 5,000 residents, and from 2030 to all municipalities. Municipalities

with more than 45,000 residents must also prepare heating and cooling plans focused on

improving efficiency through waste heat and renewable energy integration. (Finlex, 2026a)

For companies, the law introduces consumption-based compliance thresholds: enterprises

with average annual final energy consumption above 23,600 MWh over the previous three

calendar years must implement a certified energy management system. If an energy

management system has not been implemented while enterprises consuming more than

2,700 MWh must carry out mandatory energy audits at least every four years. (Finlex, 2026a)

In addition, investments above EUR 100 million, or transport infrastructure projects above

EUR 175 million, must assess cost-effective energy-efficiency alternatives before the

investment decision is made. The reform also requires public-sector entities to buy or lease

only existing buildings that meet nearly zero-energy building requirements, and larger data

centres above one megawatt must recover and utilise waste heat. These measures begin

affecting market behaviour from 2026 onward. (Finlex 2026a)
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5. Scenario-Based Analysis Using NGFS

The Network for Greening the Financial System (NGFS) has developed a set of forward-

looking climate scenarios to help central banks, supervisors, and researchers assess how

climate change may affect economic and financial systems. These scenarios provide

structured pathways that combine assumptions about climate policy, technological

development, energy systems, and macroeconomic outcomes. Their purpose is not to predict

the future, but to illustrate a range of plausible transition paths and their potential economic

consequences. (NGFS,2025)

To address the forward-looking nature of climate risks, this thesis employs scenario analysis.

The analysis is based on climate scenarios developed by the NGFS, which provides a

standardized framework for assessing climate-related financial risks. The scenarios combine

assumptions about climate policy, energy systems, technological development, and

macroeconomic variables, making them widely applicable in financial risk analysis. (NGFS

2025)

Their use is methodologically appropriate because they provide structured pathways for

analysing both transition and physical climate risks under different climate futures. In

addition, their relevance is supported by Finnish supervisory practice. FIN-FSA identifies

NGFS scenarios as an example of a scenario framework and notes that they are already used

by many companies in ORSA-related climate risk analysis (FIN-FSA, 2024). Therefore, the

use of NGFS scenarios in this thesis is not only academically justified but also consistent

with recognised supervisory practice.

5.1. Overview of NGFS Scenarios

To operationalise the NGFS scenarios in this thesis, two scenario-based variables were

constructed for the period 2026–2036. First, the long-term interest rate series was taken

directly from the selected NGFS scenarios without additional transformation. Second, the

real estate return series was derived from spreadsheet-based calculations that account only
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for changes in real estate values under the selected scenarios. The real estate series therefore

reflects capital return based on market value change, rather than a full total return measure.

Orderly scenarios (Net Zero 2050) present an optimistic trajectory, as they assume that

global climate policies are implemented on time, progress is made according to plan, and

climate regulation is gradually tightened. (NGFS,2025)

Disorderly (Delayed Transition) scenarios are based on a trajectory where policy decisions

are delayed, implementation of climate measures is not progressing according to plan, and

regulation implementation varies across countries and sectors. (NGFS,2025)

Hot house world (Nationally determined contributions NDCs) -scenarios present a future

where global warming is significant, even though some climate policies have been

successfully implemented in certain limited jurisdictions. This significant regulation is not

enough to stop significant global warming, which results in significant climate risks

materializing and leading to serious physical risks. According to this scenario, some of the

impacts of climate change are irreversible. (NGFS,2025)

Too little, too late (Fragmented World)-scenarios are the most challenging of climate change

developments, with the darkest consequences, as too late and too ineffective regulatory

policies and an uncoordinated transition fail to prevent serious physical risks. (NGFS,2025)
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5.2.  Recent Performance of Finnish Institutional Real Estate Investments

Table 3, Recent performance of Finnish real estate investments (Data source: Tela 2026)

Table 3 presents the annual returns of major Finnish pension insurance companies (Elo,

Ilmarinen, Varma, and Veritas) for the period 2023–2025, distinguishing between direct real

estate investments and real estate funds and joint investments. The data reveal a pronounced

deterioration in performance in 2023, followed by gradual but limited stabilization in

subsequent years.

Historically, real estate returns have generally been stronger than those observed in 2023–

2025 (Tela, 2026), meaning that the recent data primarily indicate that the sector enters the

scenario horizon from a relatively weak position. The three-year period is included only to

give context to the starting point of the scenario analysis. It should not be interpreted as

evidence on the long-term performance of Finnish institutional real estate or as an

assessment of the accuracy of the NGFS scenarios.

In 2023, returns were negative across all institutions and both investment categories.

Aggregate returns for direct real estate investments amounted to –8.6%, indicating a broad-
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based market correction. The magnitude of the downturn varied across institutions, with

Ilmarinen reporting a particularly severe decline of –15.0%, while other actors experienced

negative returns ranging from –1.9% to –4.7%. Real estate funds and joint investments also

generated negative aggregate returns (–3.6%), suggesting that the contraction was systemic

rather than confined to specific portfolios or investment structures.

In 2024, the market exhibited signs of stabilization. Aggregate returns for direct real estate

investments turned marginally positive (0.5%), although dispersion between institutions

remained evident. Returns on real estate funds and joint investments, however, continued to

be negative in aggregate (–2.5%).

By 2025, performance improved modestly. Aggregate returns reached 1.1% for direct

investments and 2.2% for funds and joint investments. Despite this improvement, returns

remained subdued in absolute terms and did not approach historically strong levels.

Overall, the three-year period highlights elevated volatility and a weak return environment.

The sector experienced a sharp contraction in 2023, followed by only moderate

normalization. This recent performance trajectory implies that Finnish institutional real

estate enters the forward-looking climate scenario horizon from a structurally constrained

position. If the absence of strong recovery momentum continues, it may reduce the sector’s

capacity to absorb additional shocks.
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5.3.  NGFS Scenarios Applied on Finnish Real Estate

Figure 2. Projected annual yields under NGFS scenarios, 2026-2036.

This scenario-based analysis is conducted over a ten-year horizon, allowing for an

assessment of medium-term yield dynamics under different climate transition pathways.

Across all used NGFS climate scenarios, projected annual yields remain persistently low

throughout the 2026–2036 period. Although a modest upward adjustment occurs in the early

years, yields stabilize at historically subdued levels and do not approach materially higher

return regimes under any transition pathway. The differences between orderly (Net Zero

2050) and disorderly (Delayed Transition, Fragmented World) scenarios remain relatively

limited in magnitude, suggesting that none of the modelled climate pathways generate a

structurally stronger return environment over the medium term.

This finding is particularly relevant in the context of the Finnish real estate market, which

has already experienced a period of weak performance prior to the projection horizon. In

recent years, the sector has recorded subdued returns and, in some instances, negative annual

total returns. Entering a forward-looking climate transition period from an already fragile

baseline increases vulnerability. When expected yields remain low across all scenarios, the

capacity of the real estate sector to absorb additional shocks, whether stemming from
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transition risks, physical risks, tightening financing conditions, or macroeconomic stress,

becomes even more constrained.

Importantly, even the more optimistic transition pathway (Net Zero 2050) does not generate

materially higher yield projections in the study period. This implies that an orderly transition

does not necessarily translate into a high-return environment for real estate investors within

the examined time frame. Conversely, disorderly scenarios introduce additional uncertainty

and macroeconomic volatility without offering compensating yield premia.

Overall, the analysis of NGFS-scenarios suggests that the Finnish real estate market faces a

structurally challenging outlook under all considered climate pathways over the next decade.

The combination of already weak historical performance and persistently low projected

yields implies limited buffer capacity and heightened sensitivity to adverse macro-financial

developments. From a risk management perspective, this underscores the importance of

resilience, asset quality, location fundamentals, and climate adaptation strategies rather than

reliance on broad market yield expansion.
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5.4. Long-Term Interest Rate Development under NGFS Scenarios

Figure 3. Projected long-term interest rates under NGFS scenarios, 2026-2036.

In addition to projected yield dynamics, long-term interest rate developments under the

NGFS scenarios provide important macro-financial context for assessing the outlook of the

Finnish real estate market over the ten-year horizon. Figure 2 presents the projected long-

term interest rate paths for the period 2026–2036 across four climate transition scenarios:

Net Zero 2050, Nationally Determined Contributions (NDCs), Delayed Transition, and

Fragmented World.

Across all scenarios, long-term interest rates remain at moderate but persistently elevated

levels throughout the projection period. While differences between pathways emerge, none

of the scenarios imply a structurally low-interest rate environment comparable to the low-

rate period of the 2010s. Instead, rates stabilize within a range of approximately 3.0–3.8

percent, depending on the transition pathway.

The Net Zero 2050 scenario exhibits the highest interest rate trajectory, rising steadily from

approximately 3.1 percent in 2026 to around 3.7 percent by 2036. The NDC pathway follows

a slightly lower but stable upward path, remaining close to 3.3–3.4 percent toward the end

of the horizon. In contrast, the Delayed Transition and Fragmented World scenarios display
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temporary declines around 2031, reflecting potential macroeconomic stress associated with

disorderly policy adjustments, which was also visible in the yield scenarios. However, even

in these scenarios, long-term rates recover and converge toward approximately 3.4 percent

by 2036.

From a real estate perspective, this interest rate environment is significant. Real estate

valuations are highly sensitive to long-term interest rates due to their direct impact on

discount rates, capitalization rates, and financing costs. Persistently elevated long-term rates

increase required returns and compress asset values, particularly in markets where rental

growth remains moderate. Moreover, higher financing costs reduce leveraged returns and

limit transaction activity, further constraining performance.
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6. Discussion

Climate change has far-reaching consequences that transcend national borders. If

preparedness is not proactive, emergency situations will increasingly have to be responded

to unexpectedly and their economic consequences can spread rapidly through the global

economy. On the other hand, long-term adaptation planning can lead to cross-border

economic challenges, such as the materialization of transition risks. (IDDR, 2023)

For this reason, anticipating climate risks and managing them, such as climate change

mitigation measures, are complex and an increasingly difficult challenge. On the other hand,

international cooperation across borders and risk management activities also offers

opportunities to strengthen the risk tolerance of states and the global economy. (IDDR, 2023)

Despite the increasing recognition of these risks, the study by BIS reveals that there is still

limited consistency in how they are assessed and incorporated into valuation models. Many

current valuation practices rely heavily on historical data, while climate risks are inherently

forward-looking and policy driven. This can create uncertainty, as the timing, scope, and

intensity of regulatory and market changes remain difficult to predict. As a result, the full

financial impacts of climate risks may not yet be fully reflected in current market prices.

(BIS, 2020) Another important point is the role of information availability. A lack of

standardized data, clear methodologies, and transparent reporting continues to slow the

integration of climate considerations into real estate analysis. (OECD, 2025)
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6.1. Findings Based on NGFS-scenarios

When the projected real estate returns are considered together with the projected long-term

interest rates, the macro-financial outlook appears challenging. Across the NGFS scenarios,

real estate returns remain low while interest rates remain relatively high. This is important

because investors usually require real estate investments to offer higher expected returns

than safer alternatives, such as government bonds. If the difference between real estate

returns and risk-free rates remains small, investors receive only limited compensation for

taking real estate-related risks. This may reduce the attractiveness of real estate investments

and create downward pressure on property values.

This helps explain why none of the NGFS scenarios point to a strong return environment for

real estate in Finland. Even in the orderly transition scenario, where the economy adjusts

more smoothly, long-term interest rates increase gradually. This limits the potential for

property values to rise, because higher interest rates usually increase financing costs and

reduce the present value of future rental income.

In the disorderly scenarios, interest rates decline temporarily in some years, but this does not

necessarily support real estate returns. The decline is connected to weaker macroeconomic

conditions rather than stronger real estate fundamentals. In other words, lower interest rates

in these scenarios do not reflect a more attractive property market, but rather broader

economic stress. Overall, the NGFS interest rate projections support the conclusion that

Finnish real estate may face a constrained return environment over the coming years.

6.2. Health Risks and Cooling Demand

An important insight emerging from the literature review done in this thesis is that increasing

cooling demand should not be interpreted only as a technical change in building energy use,

but also as a response to a growing physical health risk. In section 4.2.2, the analysis shows

that climate change is expected to reduce heating demand while simultaneously increasing

the need for cooling in Finnish buildings (Jylhä et al., 2015). At the same time, section 4.1.2

demonstrates that high indoor temperatures are already a significant health concern during

heatwaves, especially for vulnerable population groups such as older adults and people with
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chronic illnesses (Lahdensivu et al., 2023). The findings cited in the thesis further show that

indoor overheating is not an exceptional phenomenon in Finland, since more than 80% of

measured apartments in Helsinki exceeded 27 °C for at least one day during summer 2021,

and nearly 10% exceeded 30 °C for at least one day.

As outdoor temperatures rise, the need for cooling increases partly because buildings must

maintain not only comfortable but also safe indoor conditions. This means that cooling

should be understood as an adaptation measure that helps reduce the health impacts of indoor

overheating, rather than merely as an additional energy service (Jylhä et al., 2015;

Lahdensivu et al., 2023) In this sense, the growing role of cooling reflects the interaction of

physical and transition risks: a physical hazard, namely overheating, creates new

expectations for building performance, which then affects operating costs, technical

requirements, and market preferences in the real estate sector .

This connection also has a broader implication for Finnish real estate. If buildings without

adequate cooling or overheating protection become less attractive, as suggested in section

4.2.2, then heat resilience may increasingly become part of asset quality. In that case, the

ability of a building to maintain healthy indoor conditions during warm periods could

influence demand, tenant satisfaction and ultimately property performance. This supports

the wider conclusion of the thesis that climate risks affect real estate through multiple

channels simultaneously, including operating costs, resilience requirements, and changing

market expectations.

6.3. Transition Risks May Materialise Before Severe Physical Risks

An important insight emerging from this thesis is that, in the Finnish context, transition risks

may affect real estate performance earlier and more directly than severe physical climate

risks. In section 4.2, the thesis notes that, according to an assessment based on research by

the Ministry of Finance, transition risks are currently more significant for the Finnish

economy than the physical risks caused by foreseeable climate change (Ministry of Finance

Finland, 2026). This suggests that the most immediate climate-related pressures on Finnish

real estate are likely to arise not first from direct physical damage, but from the economic

and regulatory consequences of the low-carbon transition.
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This interpretation is reinforced by the findings of the 2026 Energy Efficiency Act reform

in section 4.2.4 (Finlex, 2026a). The reform significantly strengthens climate-related

regulation in Finland and introduces new monitoring, reporting, planning, audit and

investment-assessment requirements for a wide range of actors connected to the real estate

sector.

When this is considered together with the NGFS-based scenario analysis in Chapter 5, the

implication becomes stronger. The thesis finds that projected yields remain persistently low

across all considered climate pathways, while long-term interest rates remain at moderate

but persistently elevated levels (NGFS, 2025). This means that the Finnish real estate market

may face tightening regulation and transition-related adjustment costs in an environment

where returns are already structurally constrained and financing conditions remain relatively

demanding.

6.4. Weak Market Conditions Can Reduce the Sector’s Ability to Adapt

A further implication of the thesis is that the Finnish real estate sector may need to respond

to growing climate-related pressures from an already weak financial starting point. Section

5.2 shows that the recent performance of Finnish institutional real estate investments has

been weak: returns deteriorated sharply in 2023, recovery in 2024 was limited, and although

performance improved modestly in 2025, returns remained subdued in absolute terms (Tela

2026; NGFS, 2025).The thesis therefore concludes that the sector enters the forward-looking

climate scenario horizon from a structurally constrained position.

This weak starting point is particularly important when combined with the findings of

sections 5.3 and 5.4. Across all NGFS scenarios, projected annual yields remain persistently

low over the 2026–2036 period, and long-term interest rates remain elevated rather than

returning to the exceptionally low-rate environment of the 2010s. From a real estate

perspective, this implies a market environment with limited return buffers, compressed

valuations, and higher financing costs. In such conditions, the ability of investors and

property owners to absorb new climate-related costs may be reduced (NGFS, 2025).

This becomes especially relevant when the findings are connected to the discussion of energy

retrofitting and new regulation in sections 4.2.3 and 4.2.4. The thesis notes that while some
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retrofit strategies may be financially rational, more extensive retrofit measures aimed at

maximising emission reductions are often not privately profitable, because the required

upfront investments outweigh the long-term energy savings. At the same time, the 2026

Energy Efficiency Act reform introduces new obligations and strengthens the regulatory

pressure affecting the real estate sector. Taken together, these findings suggest that the sector

may face increasing adaptation and compliance needs at a time when its financial capacity

to respond remains limited (Hirvonen et al., 2022; Finlex, 2026a).

The broader implication is that climate resilience in Finnish real estate is not only a technical

or regulatory issue, but also a question of financial capacity. If returns remain weak and

financing conditions stay relatively tight, the resources available for retrofitting, energy-

efficiency improvements and other adaptation measures may be more limited than climate

policy objectives would require. This may slow adjustment, increase differentiation between

stronger and weaker assets and reinforce the role of real estate as a transmission channel

through which climate-related pressures are converted into broader financial risks.

6.5. Earlier Assumptions of Lower Energy Costs May Become Outdated

One important insight from this thesis is that earlier expectations of declining building

energy costs may have become partly outdated in the Finnish real estate context. As

discussed in Section 4.2.2, Jylhä et al. (2015) conclude that rising average temperatures are

expected to reduce heating demand more than they increase cooling demand, leading to

lower delivered energy consumption and reduced energy costs in buildings. Similarly,

Hirvonen et al. (2022) suggest that improved energy efficiency and lower heating demand

can reduce energy costs over time.

This interpretation may no longer be sufficient when recent developments in the Finnish

energy system are considered. Section 4.2.1 identifies rising electricity demand as a

transition risk for Finnish real estate and notes that Finland’s electricity consumption is

expected to increase significantly in the coming decade. According to the Fingrid’s forecast,

electricity consumption could rise from approximately 83 TWh today to 103–123 TWh by

2030 and potentially up to 159 TWh by 2035, with data centres identified as one of the

largest drivers of demand growth (Fingrid, 2025). If production cannot keep pace with
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demand, electricity prices may rise, increasing living costs for tenants and operation costs of

owners.

Energy price risk may become one of the more important climate-related transition risks

affecting operating costs, asset attractiveness and renovation incentives. Rising electricity

prices may reduce the attractiveness and value of energy-inefficient buildings while

increasing the importance of energy-efficiency improvements. When this is considered

together with the wider discussion of transition risks in the thesis, the implication is that

Finnish real estate can be significantly exposed to electricity price volatility.
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7. Conclusions

This thesis has examined how climate-related risks may be transmitted from the real estate

sector into financial risks in the Finnish context. The analysis has shown that real estate is a

particularly important transmission channel because of its central role in household wealth,

investment portfolios and collateralized lending in Finland. Climate-related risks therefore

do not remain confined to individual buildings or investors but may extend into the broader

financial system.

The research has distinguished between physical and transition risks while also emphasizing

that these categories are closely interconnected in practice. Physical risks, such as flooding

and weather-related hazards, may affect buildings through direct damage, higher

maintenance needs and reduced attractiveness. Transition risks, in turn, arise from regulatory

tightening, technological change, rising energy costs, and shifting market preferences toward

more energy-efficient assets. In the Finnish context, the analysis suggests that transition risks

are particularly important, especially through energy price developments, retrofitting needs,

and stricter regulatory requirements.

A central finding of the thesis is that climate risks affect real estate through multiple channels

simultaneously. They may influence operating costs, investment needs, rental prospects,

required yields and property values. Because these effects may occur at the same time and

reinforce one another, the overall impact cannot always be understood through simple linear

relationships. This is particularly relevant in a market environment where recent real estate

performance has been weak and where projected yields remain relatively low across the

NGFS scenarios considered. In such a setting, the sector may have limited capacity to absorb

additional shocks.

Applying the findings of this thesis to the analytical framework introduced earlier

demonstrates the relevance of the framework for understanding the transmission mechanism.

The findings support this framework, while also showing that the transmission process is not

necessarily sequential in a narrow sense. Different physical and transition risks may affect

properties simultaneously for example through increased damage and maintenance needs,

retrofitting requirements, higher energy costs and changing demand conditions. These real
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estate-level impacts may then interact and contribute to financial risks, such as declining

collateral values, reduced property values and weaker investment performance.

The figure below illustrates both the applicability of the analytical framework and the

simultaneous nature of the risk transmission mechanisms identified in the thesis. It does so

by mapping selected examples from the findings onto the framework, showing how climate

risks may translate into real estate-level impacts and further into financial risks.

Figure 4, Application of the analytical framework

The Finnish Energy Efficiency Act reform of 2026 provides a concrete example of how

climate-related transition policy can be transmitted into the real estate market. The reform

strengthens regulatory requirements related to energy efficiency, introduces new compliance

and reporting obligations and may increase differentiation between efficient and inefficient

assets. As a result, some buildings may benefit from stronger demand and improved

resilience, while others may face higher costs, reduced liquidity and growing stranding risk.

At the same time, the thesis suggests that some earlier assumptions regarding declining

building energy costs may need to be reconsidered. Although rising temperatures may reduce

heating demand, growing electricity demand from data centres, electrification, and other new

uses may increase cost pressures in the Finnish energy system.

Financial impacts and risks

Loss of collateral value Lower demand for energy inefficient housing

Real Estate Impacts and risks

Damage & maintenance caused by hazards
and temperature change

Retrofitting investment needs due to policy
changes and energy costs

Climate Risks

Physical Transition
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Overall, the thesis suggests that Finnish real estate should not be viewed only as a sector

exposed to climate risks, but also as a mechanism through which these risks may be

transmitted and amplified within the financial system. This underlines the importance of

forward-looking risk assessment, better data and more consistent valuation approaches to

understand how climate-related pressures may reshape both real estate markets and financial

stability.

7.1. Implications for homeowners

The findings of this thesis have practical implications for homeowners. One of the central

conclusions of this thesis is that climate-related risks in real estate are not evenly distributed,

but depend strongly on location, building characteristics and local conditions. Because many

climate risks are location-specific, homeowners could at least assess whether their property

is exposed to relevant local risks. Even if these risks do not currently appear severe, their

potential relevance may increase over time. This is especially important because a home is

often the largest asset owned by a household.

Due to recent developments in total energy consumption of Finland and projections of future

consumption by Fingrid, energy efficiency and energy cost may become more important.

Changes in energy prices, energy-efficiency expectations and regulation may influence the

cost of living. Less energy-efficient homes may become more expensive to operate or require

larger renovation investments, thus becoming less attractive for potential buyers, while more

efficient and climate-resilient homes may become relatively more attractive as a result.

7.2. Implications for institutional investors

The thesis shows that Finnish real estate can be affected through both physical and transition

risks, but for institutional investors the most immediate concern may be transition-related

pressure. In the Finnish real estate context, in particular, the 2026 Energy Efficiency Act

reform is important because it creates new requirements and expectations around energy

efficiency, monitoring, reporting, planning, audits and investment assessment and it has

already entered action in January 2026. This is particularly relevant because institutional
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investors often hold large property portfolios. Even if the 2026 Energy Efficiency Act reform

affects only some asset types or actors directly, it may still influence the broader real estate

market by strengthening expectations toward energy efficiency and building performance.

Physical risks remain relevant as well, but they should be assessed at the asset and location

level. Risks such as flooding, stormwater problems, wind damage, heat stress, forest-fire

conditions and soil-related risks are not evenly distributed across Finland. Two properties

with similar financial characteristics may have different long-term risk profiles depending

on their location, building condition, technical characteristics and exposure to local climate

hazards.

The regulatory relevance of climate risk assessment also strengthens the practical

implications of the thesis. Since 2022, European insurers have been expected to integrate

climate-related risks into ORSA processes through materiality assessments and forward-

looking scenario analysis. From 2027 onward, this requirement becomes more explicit under

the revised Solvency II framework, as institutions falling within the scope of ORSA

reporting are required to identify material climate risks and, where relevant, assess them

using at least two long-term climate scenarios. This highlights why tools such as NGFS

scenarios are useful for institutional investors. They provide a recognised way to examine

how different climate pathways may affect real estate risks, portfolio resilience, and financial

outcomes.

7.3. Limitations

The thesis has some limitations. First, the analysis is conducted at a macro and sectoral level

rather than at the level of individual buildings, municipalities or real estate portfolios.

Therefore, the findings should be interpreted as an identification of relevant risk mechanisms

rather than as precise estimates of valuation changes. Second, the thesis is mainly based on

existing literature, institutional reports and scenario-based analysis, which means that the

identified transmission channels are not empirically tested in this study. Third, the NGFS-

based scenario analysis should be understood as a structured illustration of possible future

developments, not as a forecast.
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7.4. Future research

Future research could examine the transmission mechanisms identified in this thesis at a

more granular level, such as individual buildings, municipalities or real estate portfolios,

because climate-related risks are highly dependent on location. Empirical validation is also

needed, for example to assess whether climate-related risks are already reflected in Finnish

real estate valuations, and if the transmission mechanisms discussed in this thesis can be

observed in actual market data.
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