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Ville Tolkki, Juha-Pekka Junttila, Petri Sahlstrom
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Abstract

The paper studies how climate policy affects the brown risk premium in bank lending,
distinguishing between Scope 1 (direct) and Scope 2 (energy-related) emissions using loan-
level data on new variable-rate corporate loans from 2019-2024 matched with constructed
measures of Scope 1 and Scope 2 emission intensity. Exploiting the Finnish Climate Act of
2022, which set a binding 2035 net-zero target, we show that Scope 1 emissions are priced
throughout the sample, indicating pre-existing risk pricing, while Scope 2 emissions are priced
mainly after the policy, suggesting an expansion of priced transition risks. We further isolate
periods of acute energy market stress and find that banks temporarily deprioritize carbon risk
during energy crisis months. Estimated carbon premia are economically meaningful, but we
do not find strong evidence that pricing differs systematically between large and small firms.

JEL Classification: G21, G32, Q54, Q58.
Keywords: Banking, corporate loan pricing, climate policy.



1 Introduction

The global shift toward sustainability-focused climate action has increasingly influenced the finan-
cial sector, with banks playing a central role in financing the transition to a low-carbon economy.
In corporate lending, banks are gradually incorporating environmental risks into pricing decisions,
particularly in response to stronger climate policy signals. This paper examines how climate policy
affects the pricing of carbon risk in bank loans, with a focus on direct (Scope 1) and energy-related
(Scope 2) emissions.!

Our empirical setting exploits the adoption of Finland’s 2022 Climate Act, which introduced
a legally binding target of net-zero emissions by 2035. Such forward-looking policy commitments
may influence financial actors by strengthening expectations that economic activity will need to
align with climate objectives. We examine whether this policy shift altered how banks incorporate
firms’ emissions into loan pricing.

Finland provides an especially informative setting for studying how climate transition risks are
incorporated into bank lending. The country has a policy environment that is broadly supportive
of decarbonization and consistently ranks among the global leaders in sustainability performance
(Sachs et al., 2025). Nordic firms have long been recognized as frontrunners in sustainability and
corporate social responsibility (Strand et al., 2015). This institutional environment, together with
a high degree of climate awareness among regulators, investors, and the public, makes Finland a
useful context for analyzing how financial markets respond to climate-related policy signals.

Bank lending constitutes the dominant source of external financing for firms in Finland (Nyholm
et al., 2024), and the banking sector is relatively large compared with the size of the economy. As
a result, changes in banks’ pricing of climate-related risks play a central role in transmitting policy
signals to the real economy.

Recent empirical evidence suggests that banks increasingly incorporate carbon risk into lending
decisions. For example, Ehlers et al. (2022) show that banks began pricing Scope 1 emissions in
syndicated loans following the Paris Agreement, while Ho and Wong (2023) document that climate
policy signals affect loan contract terms in emerging markets. This paper contributes to the
literature by providing evidence on how an ambitious national climate policy framework affects
the pricing of carbon risk in bank lending.

Our results reveal a clear and robust pattern. Scope 1 emissions are associated with higher loan
spreads throughout the sample period, indicating that direct emissions were already priced prior
to the Climate Act. In contrast, Scope 2 emissions are not priced before the policy but become
significantly priced in the post-Climate Act period. This suggests that the policy expanded the set
of emissions risks incorporated into loan pricing, particularly for energy-related emissions.

We further find that during the energy crisis, banks temporarily deprioritized climate-related
risks, as high-emitting firms were able to obtain financing at relatively lower interest rates.

The economic magnitude of these effects is substantial. High-emitting firms (top 25%) face
a carbon premium of approximately 30-31 basis points for Scope 1 emissions even before the
Climate Act. For Scope 2 emissions, no pricing is detected prior to the policy, but post-policy
premia increase to around 16-17 basis points. Subsample analyses indicate that Scope 1 pricing is
robust across firm sizes, while Scope 2 effects are somewhat stronger and more precisely estimated
for large firms.

Overall, the findings indicate that the type of emissions plays the primary role in shaping
how climate-related transition risks are reflected in financing costs, whereas firm size is relevant
primarily in the case of Scope 2 emissions

The results have important policy implications. They suggest that national climate policy can
influence bank lending behavior by expanding the scope of risks incorporated into loan pricing. At
the same time, the findings highlight that the transition to a low-carbon economy may affect firms
unevenly, particularly through energy-related emissions.

The remainder of the paper is structured as follows. Section 2 reviews the related literature
and develops the hypotheses. Section 3 describes the data and measurement of emissions and loan
pricing. Section 4 outlines the empirical strategy. Section 5 presents the results. Section 6 provides
robustness checks. Section 7 concludes.

1Scope 1 emissions are direct greenhouse gas (GHG) emissions from firms’ own production. Scope 2 emissions
refer to indirect GHG emissions from purchased energy, such as electricity, heat, or cooling, used in the production
process.



2 Carbon Risk in Corporate Lending: Previous Empirical
Evidence

2.1 Transition risk transmission channels and implications on banks and
capital markets

Climate change affects banks through both physical and transition risk channels. Physical risks
refer to the destruction of capital stock due to climate-related natural disasters, such as floods,
storms, and droughts, which may impair borrowers’ ability to service debt. These risks are expected
to intensify with the progression of climate change and they are closely linked to adaptation policies
that aim to reduce their impact.

Transition risks, in contrast, arise from the structural transformation toward a net-zero econ-
omy. This is defined as an economy that emits no more greenhouse gases than it removes from
the atmosphere. The extent and nature of transition risk depend on the speed, predictability, and
comprehensiveness of this transformation. Four key drivers underlie transition risk: climate policy,
consumer preferences, investor sentiment, and technological innovation (BIS, 2021). This section
reviews the literature on how banks perceive and price transition risk in corporate lending. More-
over, it considers how climate policy and banks’ own climate commitments and communication
influence the pricing of transition risk. Finally, the section concludes by developing hypotheses
that guide the subsequent empirical analysis and frame the study’s research questions.

Both physical and transition risks can translate into credit, litigation, and reputational risks
(BIS, 2021; Heimonen et al., 2024). Physical or policy-induced shocks can undermine borrowers’
financial viability, increasing credit risk. Reputational and litigation risks may arise when banks
are associated with environmentally harmful activities, either directly or through their lending
relationships, which can result in legal exposure or loss of public trust. These risks may lead to
higher interest rates for firms with significant climate-related exposures.

Corporate greenhouse gas (GHG) emissions, measured in carbon dioxide (COs) equivalents,
and associated carbon intensity (e.g., GHG emissions per unit of turnover) are increasingly used
as proxies for transition risk. Several major Finnish banks have publicly committed to reducing
the carbon footprint of their loan portfolios, implying that the green transition may influence both
the cost and the availability of corporate credit. Although the focus of this paper is on the pricing
of transition risk, it is worth noting that international evidence shows that banks committed to
climate objectives also adjust their credit allocation away from more polluting firms (Kacperczyk
and Peydro, 2022). Empirical evidence on the pricing of carbon risk in bank lending remains
limited, particularly in settings with granular loan-level data at the monthly frequency and a
well-defined national climate policy framework. The following section therefore synthesizes key
international findings on how transition risk is reflected in loan pricing, with a focus on emissions-
related spreads. Against this backdrop, this paper contributes to the literature by distinguishing
between direct (Scope 1) and indirect (Scope 2) emissions, examining heterogeneity across firm
size, and exploiting a national climate policy shock to assess how the pricing of carbon risk evolves
over time.

The literature on carbon emissions pricing in credit markets has focused on three central ques-
tions:

1. To what extent can banks accurately identify and price the transition risk in their corporate
loan portfolios?

2. What is the role of climate policy, both international (e.g., the Paris Agreement) and national,
in shaping the pricing of carbon risk?

3. How do banks’ and borrowers’ climate targets and related disclosures affect the cost and
direction of lending?

Carbon intensity is commonly used as a proxy for transition risk, typically defined as COq
emissions relative to firm turnover. The key question is whether banks recognize transition-exposed
firms and incorporate this information into credit pricing. Emerging empirical evidence suggests
that carbon-intensive firms face higher borrowing costs, particularly in jurisdictions with stronger
climate policy commitments(Ehlers et al., 2022; Ho and Wong, 2023; Altavilla et al., 2024; Delis
et al., 2024). In such contexts, banks appear to price in a “carbon premium”, whereby more



polluting firms pay higher loan spreads. However, results vary significantly across studies, reflecting
heterogeneity in markets, regulatory frameworks, and data availability (Ehlers et al., 2022; Dimitras
et al., 2024).

It is important to note that much of the empirical literature relies on syndicated loan data, which
primarily reflects large, multinational borrowers. The extent to which these findings generalize to
broader loan markets, especially to small and medium-sized enterprises (SMEs), remains an open
question.

De Haas and Popov (2023) examine how financial system structure affects environmental out-
comes across 48 countries. They find that equity-based financial systems are associated with lower
average CO5 emissions than bank-based systems, suggesting that equity investors may better inter-
nalize climate-related risks. They do not find a similar difference between bond and bank financing.
In contrast, Beyene et al. (2024) show that bond markets tend to price fossil fuel exposure more
strongly than syndicated bank lending, highlighting differences in how transition risk is reflected
across financing sources.

Several studies have investigated the pricing of transition risk in capital markets?. For ex-
ample, Bolton and Kacperczyk (2021) documented a “carbon premium” in United States equity
markets: high-emission firms were required to offer higher expected returns to attract investors. A
broader study by Bolton and Kacperczyk (2023), covering 77 countries, found that carbon premia
were larger in countries with stringent climate policies—indicating that regulatory context plays a
critical role in shaping market-based climate risk pricing.

2.2 Bank Lending and Transition Risk

Transition risks in credit markets are expected to intensify as the policy environment becomes
increasingly supportive of decarbonization, since more ambitious transition pathways substantially
increase risk exposures in bank loan portfolios (Nguyen et al., 2023). Consequently, banks are likely
to adjust their lending practices in response to both international agreements and national climate
legislation. More stringent climate and environmental policies are associated with more favorable
financing terms for greener firms and less favorable terms for more carbon-intensive borrowers
(Zhou et al., 2025). This section reviews empirical findings on the pricing of transition risk in
bank lending, drawing on evidence from China, international syndicated loan markets, and the
euro area. Particular attention is given to how climate-related disclosures by financial institutions
and borrowers influence credit pricing.

Ren et al. (2023) examined the cost of debt financing in China from 2005 to 2018 using sector-
specific exposure data and found a positive policy impact on loan interest rates and other financing
costs. They studied the effects of the policy target announced in November 2009, according to
which China aimed to reduce carbon dioxide emissions by 40 to 45 percent relative to GDP by
2020, using 2005 levels as the baseline. Their results showed that companies with higher emissions
paid higher loan costs after the policy took effect in 2010, which in turn negatively affected their
profitability and market valuation. Similarly, Huang et al. (2021) analyzed the impact of the Clean
Air Action policy introduced in 2013 in Jiangsu province. They found that the default risk of high-
polluting firms increased by approximately 80 percent after the policy implementation. Banks
incorporated this transition-induced credit deterioration into loan pricing only partially, raising
loan costs by about 5.5 percent compared with the pre-policy period.

Complementary findings by Wu et al. (2023) show that in regions with stricter environmen-
tal regulations, carbon-intensive firms faced higher interest rates and more constrained access to
credit. Zhu and Zhao (2022) documented similarly that the implementation of China’s Green
Credit Guidelines in 2012 increased the cost of capital for firms with high emissions and poor
environmental performance.

In the United States, Ivanov et al. (2023) studied the effect of California’s cap-and-trade pol-
icy on loan contracts. They find that, following the implementation of the policy, affected firms
experienced significant changes in loan characteristics: average loan maturities shortened by ap-
proximately 15%, the share of term loans decreased by 25%, and treated firms faced higher loan
interest rates. In contrast, Antoniou et al. (2020) report opposite results using data from the
European Union Emissions Trading System (EU ETS). They argue that in the European context,
the relatively low carbon permit price and the abundance of allowances generated the opposite

2Refers mainly to equity and bond finance



effect, as the policy was not priced into loan contracts. Consequently, loan spreads declined by
about 25% for firms targeted by the policy.

Many recent studies have assessed the impact of the 2015 Paris Agreement on credit markets.
The logic is that climate policy can alter firms’ expected cash flows and creditworthiness, partic-
ularly for the transition-exposed firms, thereby influencing loan pricing. These micro-level studies
have largely focused on syndicated loans, for which sufficient international time series data have
been available.

Ehlers et al. (2022) analyzed syndicated loan data from 31 countries over the period 2005-2018.
They found a weak but positive relationship between firm-level scope 1 emissions and overall
borrowing costs. Importantly, they note that awareness of carbon risk and the associated pricing
differentials only emerged after the Paris Agreement. Their findings suggest that climate policy can
serve as a coordination mechanism that enables banks to more effectively price the carbon-related
risks. Interestingly, the study found no significant differences in carbon pricing between green and
conventional banks. In their study green bank was defined as being a member of United Nations
Environmental Programme Finance Initiative (UNEP FI) or Equator Principles (EPs), or simply
providing less loans to carbon intensive sectors. In following studies in this section green bank is
defined as a member UNEP FIL.

Similarly, Ho and Wong (2023) showed that banks in emerging markets began incorporating
Scope 1 emissions into loan pricing following the Paris Agreement, with environmentally committed
banks charging higher premia on carbon-intensive loans. Delis et al. (2024) examine the effect of
fossil fuel asset holdings on the interest rates paid by firms, using data on syndicated loans. The
idea is that fossil assets are stranded assets (i.e., assets that are at risk of losing value), and therefore
banks require higher interest rates from firms with a large share of such assets on their balance
sheets. They find that exposure to these fossil assets led to higher borrowing costs, particularly
after 2015, following the Paris Agreement. In addition, longer loan maturity, larger loan size, and
the greenness® of the bank increased the carbon premium.

On the other hand, Dimitras et al. (2024) do not find evidence of carbon premia for U.S.
firms during the 2014-2020 period, based on a study of carbon intensity. They report that banks
incorporate firms’ environmental scores into syndicated loan pricing, rather than pricing carbon
emissions directly. Their carbon intensity measure is based on combined Scope 1 and Scope 2
emissions, and their focus on U.S. firms may also explain the discrepancy with Ehlers et al. (2022),
who found a positive effect of Scope 1 emissions on loan spreads using syndicated loans dataset
too.

Kempa et al. (2021) compare renewable and fossil energy producers in their study. Based on
syndicated loan data, they find that renewable energy producers initially paid a premium before
2007, while fossil fuel producers paid higher costs after 2011. Furthermore, the stringency of
environmental policy mattered: in countries with stricter environmental policies, risks associated
with fossil energy producers led to higher borrowing costs. Similarly, in countries with more
developed financial sectors, renewable energy producers were rewarded with relatively lower loan
costs.

Carbon premiums have also been studied with euro area data. Altavilla et al. (2024) found
evidence in their study of how euro area banks price carbon risk (Scope 1 and Scope 2 emissions)
into loan interest rates. Higher climate risk is reflected in loan costs, with companies producing
higher emissions paying higher credit costs. The study also shows that banks committed to reduc-
ing emissions set stronger carbon premiums for their loan customers. This result highlights the
increasingly important role of banks’ climate goals in loan pricing strategies.

2.3 Banks’ Climate Goals and Their Impact on Loan Portfolios

In Finland and other countries within the euro area, many banks have set climate goals for their
loan portfolios as part of a broader effort to steer the economy toward net-zero emissions. A key
question is how these goals reflect changes in loan portfolios and business practices. The previous
research results on the impact of banks’ environmental communication and actions on loan pricing
have been mixed.

Degryse et al. (2023) found that companies with strong environmental awareness received more
favorable loan terms (50-59 basis points lower loan rates) when borrowing from green banking
consortia. Their results with syndicated loans also support the previously discussed finding on the

3Member of UNEP FI



importance of the Paris Agreement. Gambacorta et al. (2023) refined this finding using data from
the euro area. They argue that banks’ willingness to finance carbon-intensive activities depends on
the tone of their climate communication. Banks that paid more attention to the negative impacts
of climate change in their communications financed fewer carbon-intensive activities. Conversely,
banks that communicated environmental concerns in a reassuring tone increased the financing
of carbon-intensive activities. On the other hand, Giannetti et al. (2023) suggest that banks’
environmental publications may exaggerate their role. Banks that portray themselves as green
may still tend to finance more brown activities. A possible explanation is that these banks finance
the transition of brown activities towards more green ones. However, there is no solid evidence for
this. The authors do observe that banks that publish comprehensive environmental information
avoid forming new partnerships with brown companies.

2.4 Theory and Hypothesis Development

Stakeholder theory fundamentally challenges the traditional view of banks and firms as shareholder-
wealth-maximizing entities. Instead, it emphasizes that banks and firms are accountable not only to
shareholders but also to a broad range of stakeholders who can influence or are affected by corporate
decisions (Donaldson and Preston, 1995). Banks, as key financial intermediaries, face increasing
expectations from regulators, investors, customers, and civil society to consider environmental
and social outcomes in their lending activities. These stakeholder pressures align closely with
the main macro drivers of transition risk, namely climate policy, investor sentiment, consumer
preferences, and technological innovation, as outlined by the Bank for International Settlements
(BIS, 2021). In the context of carbon pricing, such pressures incentivize banks to incorporate
climate considerations into risk assessments and loan pricing. By demanding higher interest rate
spreads for carbon-intensive borrowers, banks respond to these external expectations and align
their lending behavior with broader societal goals for climate mitigation. Hence, stakeholder
theory provides a rationale for why carbon risk becomes a priced component of financial contracts,
reflecting banks’ responsiveness to evolving environmental accountability norms. On the one hand
consistent with stakeholder-oriented behavior the empirical evidence further suggests that banks
(Cornett et al., 2016) and firms (Goss and Roberts, 2011; Jo and Harjoto, 2015) practicing effective
stakeholder management tend to be rewarded via lower financial costs and valued more highly and
benefit from enhanced reputation. On the other hand Chih et al. (2010) did not find banks being
rewarded, if socially responsible, but banks operating in countries with stricter legal enforcement
tend to be more socially responsible.

Institutional theory explains why organizations become so similar through coercive, normative,
and mimetic pressures (DiMaggio and Powell, 1983). In the financial sector, coercive pressures
arise from regulatory frameworks such as the European Central Bank’s climate risk guidelines
or national legislation like Finland’s 2022 Climate Act (Eduskunta, 2022). Normative pressures
emerge from professional standards and voluntary initiatives (e.g., the Partnership for Carbon
Accounting Financials (PCAF, 2022)), while mimetic pressures lead banks to imitate peers that
adopt climate-aligned practices. Together, these forces create a shared institutional logic that
encourages banks to integrate the carbon risk into lending decisions. The emergence of carbon
pricing in loan spreads can thus be interpreted as an institutionalized response to the increasing
formalization of climate policy and sustainable-finance norms.

Legitimacy theory emphasizes that organizations seek to maintain consistency between their
actions and the norms, values, and beliefs of the societies in which they operate (Suchman, 1995).
Financial institutions adopt environmental risk management practices not only to comply with for-
mal regulations but also to secure the approval of relevant audiences, such as regulators, investors,
and civil society, thereby preserving their social license to operate. As public awareness of climate
change and regulatory scrutiny intensify, banks strive to enhance legitimacy by aligning their lend-
ing practices with societal expectations for sustainability. The implementation of carbon-related
pricing mechanisms thus serves as a visible demonstration of a bank’s commitment to transition
risk management. In this view, carbon pricing in loans reflects a strategic response to maintain
legitimacy amid strengthening climate objectives, such as Finland’s legally binding net-zero target
for 2035.

Building on the theoretical discussion and prior empirical evidence, the following research hy-
pothesis is developed. While banks are not altruistic actors, they are also not solely driven by
shareholder-wealth-maximization objectives; instead, they are increasingly responsive to a broader



set of stakeholder demands and macroeconomic drivers, including investor, customer, and regu-
latory sentiment as well as technological change (Donaldson and Preston, 1995; BIS, 2021). Re-
cent empirical findings suggest that banks have begun to internalize these pressures by penalizing
carbon-intensive borrowers through higher loan pricing (Kempa et al., 2021; Ehlers et al., 2022;
Ho and Wong, 2023; Delis et al., 2024; Altavilla et al., 2024). In addition, legitimacy pressures
encourage banks to align their practices with prevailing institutional norms and societal expecta-
tions, such as national climate legislation and regulatory frameworks. Legitimacy theory further
implies that banks seek to maintain their social license to operate by communicating environmental
commitments (Giannetti et al., 2023; Gambacorta et al., 2023) and by aligning their conduct with
socially approved behavior. Accordingly, the main research hypothesis posits that banks tend to
penalize more polluting firms by charging higher interest margins on their loans.

The Finnish bank-centered economy (Nyholm et al., 2024) provides a particularly suitable
setting to examine these questions. First, the availability of granular loan-level data at the monthly
frequency allows us to track how loan pricing responds to changes in firms’ emissions exposure over
time. Second, the Finnish institutional environment offers a well-defined policy setting, as the 2022
Climate Act introduced a clear and forward-looking climate commitment (Eduskunta, 2022). This
combination of detailed data and a discrete policy shift enables us to study not only whether banks
price carbon risk, but also how this pricing evolves over time and differs across emission types and
firm characteristics. In particular, the data allow us to distinguish between direct (Scope 1) and
indirect (Scope 2) emissions and to examine heterogeneity between large firms and SMEs. Building
on these features, we propose the following research questions:

1. How do the Finnish banks price the carbon transition (Scope 1 and Scope 2) risk in the bank
loans they give to firms?

2. What is the effect of Finnish climate law on the pricing of bank loans?

3. How does the firm size influence carbon pricing in bank loans?

3 Data

This study benefits from the availability of a granular credit-level dataset from Finnish banks.
However, a valid set of emission data remains a challenge. The previous studies have mostly relied
on commercial emission databases, which often exhibit discrepancies. For instance, Papadopoulos
(2022) identified significant variations between these datasets, raising concerns about the quality of
emission data. To address this issue, we rely on publicly available data sources whenever possible.
The details of these data sources and the imputation methods employed are outlined in the following
subsections.

3.1 Credit Data

For credit data, we use the Finnish version of the Eurosystem’s AnaCredit dataset, which provides
loan-level information for firms borrowing from Finnish banks. Since our focus is on the effect
of carbon intensity on loan interest rate margin, we restrict the analysis to variable interest rate
loans. Loan margin provides more robust measure of credit risk than the (overall) loan interest
rate, which is affected by changes in market i.e. reference rates.

Our dataset covers monthly observations from January 2019 to December 2024. We begin with
a total of 511,049 newly drawn domestic loans amounting to approximately EUR 108.6 billion in
total new drawdowns. The sample is first refined by excluding non-recourse factoring arrangements,
in which firms sell their receivables and the interest margin reflects the credit risk of the receivables’
debtor rather than the selling firm. We also exclude syndicated loans in which the reporting bank is
not the lead arranger. In addition, project finance loans are removed in line with PCAF guidelines
(PCAF, 2022), which recommend measuring emissions at the project level rather than attributing
them to the borrower. These exclusions substantially reduce the number of observations but only
moderately affect the aggregate volume of new drawdowns. After this initial filtering, the dataset
contains 166,187 new loans with a combined drawdown volume of approximately EUR 78 billion.

Next, we remove small loans with drawdowns below EUR 1 million to focus the analysis on
economically significant lending, which is also more likely to be subject to climate-related risk
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Figure 1: Average interest and interest margin for the loans in the sample (>= EUR 1000 000)

assessment within banks. This restriction reduces the sample to 8,171 loans with a total drawdown
volume of EUR 67.0 billion.

The final set of restrictions concerns industry coverage. Because the analysis focuses on tran-
sition risk arising from an unanticipated and potentially disorderly shift toward a low-carbon
economy, we restrict the sample to carbon-intensive sectors. In line with the literature, these sec-
tors include manufacturing, energy, and transportation (Battiston et al., 2021, 2022; Network for
Greening the Financial System, 2022). Agriculture is excluded due to data limitations, particularly
the lack of reliable information on the land-use, land-use change, and forestry (LULUCF) sector,
which is essential for accurately assessing agricultural and forestry-related emissions.

After limiting the dataset to carbon-intensive sectors, the final sample consists of 3,140 newly
originated loans with a total drawdown volume of EUR 37.7 billion. Depending on the specification,
the resulting estimation samples contain between 3,015 and 3,028 observations.

Our credit dataset is rich in terms of loan characteristics, allowing for comprehensive control
of factors that influence credit risk and interest margin. We discuss the loan level controls more
in-depth in the Empirical Design section.

In addition to detailed credit characteristics, the dataset provides comprehensive information on
debtor firms, including their probability of default (PD). The PD reflects the creditor’s assessment
of a firm’s likelihood of default within a one-year horizon and serves as our primary measure of
creditworthiness. Importantly, PD does not capture environmental transition risk and is therefore
not endogenous to our analysis; we confirmed this by examining correlations between PD and the
environmental variables.

The dataset also includes industry classification (industry code), firm age, and number of
employees, obtained from Statistics Finland’s Statistical Business Register. Firm turnover and
balance sheet total are sourced from tax data. Finally, firm size classes are calculated using the
EU definition of micro, small, and medium-sized enterprises (European Commission, 2003). The
size classification is based solely on firm-level information on the number of employees, turnover,
and balance sheet total.



3.2 Calculations for Scope 1 Emissions

Our research utilizes verified emissions data from the European Emissions Trading System (ETS),
focusing on direct Scope 1 emissions. While many studies rely on commercial emissions databases,
some recent papers also employ ETS data as a transparent and independently verified source
(Borsuka et al., 2025). The ETS provides publicly available, high-quality emissions information
for installations across the European Economic Area (EEA), covering key carbon-intensive sectors
such as manufacturing, energy, and aviation.

However, like other emission datasets, ETS data have limited coverage. To mitigate this limi-
tation, we employ a simple mass imputation method to estimate missing emissions data for firms
not covered by the ETS. Our study is confined to the energy, manufacturing and transportation
(road, water and air) industries, as these are the sectors partly included in the ETS data.

Equation (1) formulates firm level (estimated) COs Emissionsy>°P¢!:

Scope 1 ETSft, if FirminETS;
EER™ =1 o (1)
Tijt X (Ejt - ETSJt) 3 lf FlrmnOnETS

where subscript f denotes firms (i.e. debtors, f =1, 2,3, ..., n), t denotes the time period (year;
t = 2018-2023), lagged by one calendar year (¢ — 1) relative to the reference year of the monthly
loan data (2019-2024), subscript j denotes industry level, ETSy represents the firm level CO?
derived from the emission trading system data, while T is the firm’s or industry’s total turnover
(excluding turnover from firms participating in the ETS) at time t. Ej; refers to the industry level
CO? emissions from air emission accounts, and ETS;; the aggregation of ETSy to the industry
level (j).

Because turnover is used both to allocate emissions to imputed firms and as the denominator in
the calculation of Scope 1 emission intensity the resulting imputed carbon intensities are constant
at the industry level. In other words, for firms whose emissions are imputed, carbon intensity does
not vary across firms within the same industry.

Carbon emissions are generally highly concentrated among a small number of large polluters.
Similarly, carbon intensity varies significantly across firms in the sample. Figure (3) illustrates the
distribution of new loan drawdowns across different carbon intensity buckets.

In our sample, the extremely high-risk firms—those with an emission intensity exceeding 1 ton
per thousand euros of turnover—are relatively common. This is primarily because the study is
limited to ETS-covered industries, specifically manufacturing, energy and transportation (NACE
Rev. 2.1 codes C, D and H).
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Figure 2: New loan drawdowns by emission intensity bucket (Scope 1, tons/EUR, 1000 )

3.3 Calculation of Scope 2 Emissions

Scope 2 emissions capture the carbon footprint associated with purchased energy used in firms’
operations, such as electricity, heating, and cooling. We estimate firm-level Scope 2 emissions us-
ing industry-level input-output (IO) tables from national accounts statistics. Emissions related to
imported energy are also included. We use the OECD dataset on emissions embodied in bilateral
trade, which currently covers the years 2018-2020 (OECD, 2025). For 2021-2023, we nowcast
imported-energy-related emissions using Statistics Finland input—output data on imported energy
volumes. Imported-energy-related emissions are further allocated to firms using the same distri-
bution as domestic Scope 2 emissions.

The IO tables provide information on intermediate inputs across industries. In particular, the
row corresponding to the energy sector (NACE code D) captures how energy output is used as
intermediate consumption by other industries, as well as for final demand (consumption, invest-
ment, and exports). Using these tables, we derive industry-level energy input shares that are used
to allocate emissions from the energy sector.

Equation (2) describes the estimation of Scope 2 CO emissions for firm f in industry j:

BESS™* = Epy 100, 7% by (2)
gt

where f indexes firms, j industries, and ¢ denotes time (years 2018—-2023; emissions are lagged by
one year relative to monthly loan observations in 2019-2024). Ep; represents total COq emissions
from the energy sector (NACE D), including emissions from imported energy. IOp;; denotes the
share of output from the energy sector used as an intermediate input by industry j in year f.
Ty and Tj; denote firm-level and industry-level turnover, respectively. The term pj;; is a price
adjustment coefficient converting monetary energy use into volumes. As price (electricity price
used as a proxy for energy price) data is only available in aggregate form for firms and households,
we do not observe industry-level price differences and therefore assume a common price for firms
across all industries.

The allocation procedure assumes that emissions from the energy sector are distributed across
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industries proportionally to their energy use. Firm-level Scope 2 emissions are then obtained by
allocating industry-level emissions to firms based on their turnover shares within each industry.

By construction, dividing allocated emissions by firm turnover yields Scope 2 emission intensi-
ties that are effectively constant within industry-year cells.

8266.58

6908.98

6564.96

6015.14
5657.48

4267.34

New loan drawdowns EUR million

Figure 3: New loan drawdowns by emission intensity bucket (Scope 2, tons/EUR, 1000 )

4 Empirical Design

We limit the study to the manufacturing, energy, and transportation sectors (road, water, and
air). These sectors are partly covered by the EU Emissions Trading System, which provides
verified emissions data used in this study. In addition, their emission intensities are explicitly
referenced in Finnish banks’ sectoral climate targets. Restricting the sectoral coverage also enables
the construction of comparable emission-intensity metrics, defined as emissions relative to turnover.
Including trade and service sectors would complicate this comparison, as the concept of turnover
differs substantially across sectors, making emission-intensity measures less meaningful.

The empirical specification includes bank fixed effects to absorb time-invariant heterogeneity
across lenders, as well as month fixed effects to control for common macro-financial, monetary
policy, and regulatory shocks. In some specifications, the monthly time fixed effects are aggregated
to half-year or annual frequency when the number of observations in a given period is insufficient
for reliable estimation. Together, these fixed effects ensure that identification relies on within-
bank, within-time variation in loan pricing. As a robustness check, we additionally re-estimate
the models using alternative fixed-effects structures commonly employed in the banking literature
(Huang et al., 2021; Delis et al., 2024; Erten and Ongena, 2024). In particular, we replace the
baseline fixed effects with bank-time (year) fixed effects, while continuing to cluster standard
errors at the bank level. These alternative specifications yield results consistent with the baseline,
confirming that our inference is not sensitive to the choice of fixed-effects structure. The results
are presented in Table 7.

In addition to bank—time fixed effects, we control for firm-level heterogeneity using industry—size
fixed effects. Due to data limitations, firm-level fixed effects cannot be included. To capture het-
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erogeneity in loan pricing across industries and firm-size segments, we construct industry—size fixed
effects using a data-driven binning procedure. Firms are first sorted within each two-digit industry
based on their number of employees. For industries with sufficiently large sample sizes (at least 40
observations), firms are grouped into quartiles; for medium-sized industries (20 to 39 observations),
firms are divided into terciles; and for small industries with fewer than 20 observations, a single
size category is used to avoid sparsity.

Each industry—size cell is assigned a unique fixed-effect identifier, capturing systematic variation
in loan pricing related to the interaction of industry characteristics and firm size. This approach
allows for flexible control of cross-sectional heterogeneity while maintaining sufficient variation for
identification.

In regressions estimated separately for SMEs and large enterprises, firm size does not vary
within the subsample. Accordingly, these specifications include industry fixed effects rather than
industry—size fixed effects. This ensures that the fixed effects structure remains appropriate for
each empirical setting while preserving comparability across specifications.

In addition to our variables of interest, we include a set of loan-level and firm-level controls
to capture observable heterogeneity in contract structure and borrower characteristics. The loan-
level controls comprise the allocated outstanding nominal amount, loan maturity, reference-rate
maturity, interest-rate reset frequency, collateral protection, loan purpose, subordination status,
instrument type, recourse, and an indicator for revolving credit facilities. These contractual fea-
tures are expected to explain variation in the interest margin that is unrelated to firms’ emission
intensities, fixed effects, or other borrower attributes. In particular, they capture components of
contract design that influence pricing but are not captured by our measures of transition risk.
However, many loan characteristics are negotiated jointly with the interest margin at origination,
introducing potential endogeneity. To address this concern, we estimate all specifications both with
and without loan-level controls, demonstrating that our key results are robust to their inclusion.

A central borrower-level control is the bank—firm-specific probability of default (PD), which
reflects the lender’s internal assessment of the firm’s one-year default risk. Since PD captures
expected credit risk rather than transition risk, it serves as a crucial control for isolating the
carbon premium. We report the coefficient on PD in all model specifications to provide a consistent
benchmark for interpreting the magnitude of emission-related pricing effects. Firm-level controls
further include borrower age and a simple proxy for productivity (turnover per employee), capturing
life-cycle differences and efficiency-related characteristics not absorbed by the fixed effects.

4.1 Models

To examine whether banks have begun to internalize transition risk in their lending decisions, we
start with the baseline model presented in equation (3). The objective is to assess whether banks
price carbon risk, captured by the coeflicient (81, over the period beginning in 2019. The interna-
tional literature documents a gradual increase in banks’ awareness and pricing of climate-related
transition risks following the 2015 Paris Agreement (e.g., Ehlers et al., 2022; Degryse et al., 2023).
Against this backdrop, it is reasonable to hypothesize that Finnish banks may have incorporated
such risks into loan pricing at the outset of our sample period. The baseline specification there-
fore evaluates the relationship between loan margins and firms’ emission intensities, estimated
separately for Scope 1 and Scope 2 emissions.

The practical transitional needs of Scope 1 and Scope 2 emitters differ significantly. Scope 1
emitters must reduce the carbon intensity of their production processes or products, whereas
Scope 2 emitters, being more energy-intensive, will experience greater transitional impacts on the
cost side. This impact is also dependent on innovations in energy production and usage. Thus, we
expect the pricing of carbon risk to differ between these two scopes.

Finland experienced an acute energy-market shock from late 2021 through 2022, which coin-
cided with unusually large new loan drawdowns in energy-intensive industries. To account for this
episode in the loan-pricing regressions, we include an energy-crisis indicator that flags months in
which aggregate new drawdowns in the carbon-intensive sectors exceeded EUR 1 billion in en-
ergy and manufacturing industries. Based on this threshold, the energy-crisis months are Decem-
ber 2021, March 2022, and June 2022 through December 2022. This dummy captures exceptional
market conditions and policy responses during the crisis, which may have temporarily affected
both credit demand and banks’ pricing of transition risk.

Our baseline specification relates loan pricing to firms’ emission intensity and its interaction
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with the post—energy-crisis period. Specifically, we estimate

LoanSpready;, s, = Sy + 51 EmissionIntensity ;, + 82 EnergyCrisis,
+ B3 (Emissionlntensity ;, x EnergyCrisis, ) ++' Xy (3)
+ py + Tt + Qs + Ebt,

where LoanSpread;,;, denotes the interest margin on loan [ granted by bank b to firm f at
time ¢. The variable EmissionIntensity;, corresponds to the firm’s Scope 1 or Scope 2 emission
intensity, and EnergyCrisis, is a dummy for the defined period of the European energy crisis. The
interaction term EmissionIntensity ;, X EnergyCrisis, captures whether more carbon-intensive firms
face relatively higher or lower loan spreads in the crisis period.

The vector Xy, ¢ contains loan-, firm-, and bank—firm-level controls. Loan-level controls include
loan size (new drawdown amount), a dummy for original maturity, indicators for reference-rate
maturity and interest-rate reset frequency, collateral and protection status, loan purpose, subor-
dinated debt, instrument type, recourse structure, and a dummy for revolving credit facilities. At
the bank—firm level, we include the probability of default. Firm-level controls include a dummy
for firm age and labour productivity (turnover per employee).

The set of controls varies across specifications to assess robustness. In particular, we estimate
models both with and without the full set of loan-level controls. We also consider alternative
fixed-effects structures. Our baseline specification absorbs bank fixed effects pp, time fixed effects
7; (at the monthly level), and industry-size fixed effects cj; (defined at the two-digit industry and
size-cell level). In alternative specifications, we include or exclude bank and time fixed effects to
assess the sensitivity of the results.

For models using only Emission Trading System (ETS) data, time fixed effects are aggregated
to the half-year level due to sample size constraints. Standard errors are clustered at the bank
level to account for persistent bank-specific pricing policies and risk-management practices.

Given Finland’s ambitious climate policies, it is crucial to investigate whether the Finnish
Climate Act - to be net zero society by 2035 - has influenced the loan pricing behavior of Finnish
banks. To evaluate the impact of the Climate Act, we introduce a dummy variable for the period
from June 2022 onwards. Hence, the generic regression model to be estimated and capturing also
this effect reads as:

LoanSpread,,;, = 8o + 51 EmissionIntensity ;, + 82 PostClimateAct;
+ B3 (PostClimateActt x EmissionIntensity ft) + B4 EnergyCrisis,

(4)

+ Bs (EnergyCrisist X EmissionIntensityft) +9' Xip e
+ pp + T+ Qs + €yt

Equation (4) outlines the basic setup for our research question, namely the impact of the Finnish
climate act on banks loan pricing behaviour. The coefficient 53 measures the additional impact of
the Climate Act on the loan margin for emitting firms. The impact of the energy crisis is captured
by B4 and f35.

To analyse the dynamic effects of the Finnish Climate Act on the pricing of transition risk,
we estimate an event-study specification centred around the introduction of the Act in June 2022.
We construct an event-time variable at monthly frequency and group months into five event-time
“quarters” relative to the Climate Act date, pooling the far pre-period and far post-period into
tails. The very early pre-period (at least four months before the Act) serves as the reference
category. Following the results from model 4, we interact firms’ Scope 2 emission intensity with
these event-time indicators, allowing the sensitivity of loan spreads to emissions to evolve flexibly
before and after the Climate Act. The dynamic specification includes the same loan-level and firm-
level controls as the baseline model, incorporates an indicator for the European energy crisis and
its interaction with emission intensity, and absorbs bank, month, and industry—size fixed effects,
with standard errors clustered at the bank level.
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Finally, to assess the economic significance of the results, we apply the quasi difference-in-
differences (DiD) framework described in Equation (6). In this specification, we replace the con-
tinuous emission intensity variable with binary indicators for firms in the top third and top 25%
of the emission intensity distribution. These firms constitute the "treated" group, as they are
expected a priori to be more exposed to transition-risk pricing. Firms below these cutoffs serve
as the control group, but unlike in a canonical difference in differences setting they may still be
affected by the policy. Instead, the DiD structure is used to test whether loan pricing responds
differentially to the Climate Act for firms with substantially higher emission intensity.

The estimated coefficients 3 (baseline difference), 83 (post-Climate-Act differential), and S5
(energy-crisis differential) therefore capture the interest-rate premium (margin) paid by high-
emission firms relative to lower-emission firms during the full sample period, after the Climate Act,
and during the European energy-crisis months, respectively. Hence, the final regression model is:

LoanSpread,, s, = 8o + 1 HighEmitter s, + (2 PostClimateAct;

+ B3 (PostClimateActt x HighEmitter ft) + B4 EnergyCrisis,

6
+ 5 (EnergyCrisis, x HighEmitter ;,) ++' Xy (©)

+ o+ Tt + Qs+ Enye-

All regressions are estimated on the final analytical sample described in the Data section.
To limit the influence of extreme observations in Scope 1 emission intensity, we winsorize the
distribution at the first and ninety-ninth percentiles within each year. This year-specific treatment
ensures that outlier adjustment is not driven by the gradual downward trend in emission intensities
over time. Scope 1 emissions are partly based on verified ETS data, and a small number of firms
exhibit exceptionally large emission events associated with specific loan facilities, which motivates
this approach.

For Scope 2 emissions, winsorization is not required, as emission intensities are constructed as
industry-level averages and do not exhibit outliers.

In all specifications, interest rate spreads are winsorized at the first and ninety-ninth percentiles
to ensure that extreme observations do not drive the results. This winsorization is applied sepa-
rately by industry.

As an additional robustness check, the Scope 1 linear models are re-estimated using only firms
with verified ETS emissions (i.e., excluding imputed observations). These ETS-only specifications
confirm that the main results are not driven by the imputation procedure. Detailed results are
reported in the robustness section.

5 Results

The first subsection presents results from estimating the basic model, which accounts for the key
determinants of loan pricing aside from emission intensities. We then examine the pricing effect of
Scope 1 emissions, for the firms that have direct emissions. We also address the impact of climate
act on pricing of direct emissions.

The second subsection analyzes the role of indirect emissions (Scope 2) from energy use and
explores the interaction effect between emission intensity and climate act on loan margins.

The third subsection examines the economic materiality of our results using a difference-in-
differences—style comparison that contrasts high-emitting firms with the rest of the loan population.
Although this is not a canonical DiD framework, because high emitters are not a strictly exogenous
"treated" group. The setup nevertheless allows us to evaluate whether firms with ex-ante higher
exposure to transition risk experienced systematically different changes in loan pricing over time.
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We apply this approach to both Scope 1 and Scope 2 emissions to assess the magnitude of the carbon
premium for firms in the upper segment of the emissions distribution. In addition, the extensive
coverage from our imputed emissions dataset enables us to compare the pricing of transition risk
across SMEs and large firms, thereby identifying whether the carbon premium is heterogeneous
across firm size groups.

5.1 Results for the Scope 1 Emissions

In the baseline specification without bank or time fixed effects and loan characteristics (Table 1,
Column 1), the coefficient on Scope 1 emission intensity is positive and highly significant. This
indicates that, on average, more carbon-intensive firms paid higher interest margins on their loans.
Even in the absence of contractual controls or policy indicators, a carbon-risk premium was already
present in pricing firm loans in the Finnish banking sector during the early part of the sample.

When loan characteristics and bank and time fixed effects are included (Table 1, Column 3),
the coefficient on Scope 1 emissions remains positive and statistically significant, increasing slightly
in magnitude. This confirms that, conditional on time effects and detailed lender- and loan-level
characteristics, the carbon premium persists. These Finnish findings are consistent with Ehlers
et al. (2022), who document that Scope 1 emissions became priced after the Paris Agreement in
international syndicated loan markets. They are also aligned with Altavilla et al. (2024), who
study euro area data on combined Scope 1 and Scope 2 emissions, although their analysis does not
isolate Scope 1 specifically.

A notable deviation from positive carbon pricing premium appears during the European energy
crisis (late 2021 through mid-2022). Across all specifications (Table 1, Columns 1-6), the inter-
action between Scope 1 emissions and the crisis dummy is negative and statistically significant
(only columns 5 and 6 the interaction term is not significant). This implies that high-emitting
firms received more favourable loan pricing conditions relative to low-emitting firms during the
crisis months. According to the European Banking Authority, banks played an important role in
stabilising the energy market during this period (EBA, 2022). It is therefore plausible that lenders
temporarily deprioritised transition-risk considerations to maintain credit flows to energy-critical
firms essential for economic stability.

Government support measures were also implemented to mitigate the extreme volatility in
energy prices, potentially reducing perceived credit risk for carbon-intensive firms. The Finnish
experience illustrates how acute macroeconomic shocks and public interventions can distort market-
based carbon-risk pricing signals.

Turning to the effects of the Finnish Climate Act (June 2022), the results do not indicate
an increase in the pricing of Scope 1 emissions following the policy change. In all specifications
(Table 1, Columns 4-6), the post-Climate Act interaction terms are statistically insignificant. The
estimated coefficients are economically small and not precisely estimated, with no consistent sign
across specifications. Overall, there is no evidence that the Climate Act led banks to increase the
carbon risk premium associated with firms’ direct (Scope 1) emissions.

These findings contrast with the interpretation in prior studies such as Ehlers et al. (2022),
Ho and Wong (2023), and Delis et al. (2024), which document that climate-policy signals tend to
strengthen carbon pricing in credit markets. The Finnish evidence points to a different mechanism.
For direct emissions, the Scope 1 premium appears stable and not sensitive to the introduction of
the Climate Act, at least in the short run. One plausible explanation is that the firms responsible
for the majority of Scope 1 emissions in our sample are regulated under the EU Emissions Trading
System (ETS), a supranational cap-and-trade framework whose stringency evolves independently
of national legislation. Since the ETS already embeds a binding and well-established market-
based system for carbon price determination, lenders may view national policy changes such as the
Finnish Climate Act as less informative for reassessing transition risk among these firms.

Consistent with this interpretation, when restricting the analysis to ETS-regulated firms (Ta-
ble 5), we observe an even sharper decline in loan pricing after the Climate Act. One possible
explanation relates to developments in emissions allowance markets. For example, Antoniou et al.
(2020) show that carbon permit prices and firms’ allowance positions can influence loan pricing.
While our data do not include firm-level permit holdings, this channel may still play a role through
broader market expectations reflected in allowance prices.

At the same time, the results suggest that these effects are not straightforward. In particular,
the post-reform period coincided with significant volatility in energy markets, and the lingering
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effects of the energy crisis may have shaped lending practices. Banks may have prioritised credit
supply to emission-intensive sectors, partly offsetting incentives to tighten carbon-related pricing.

Overall, the results do not reveal a policy-sensitive pricing pattern for Scope 1 emissions. Prior
to the Climate Act, high-emitting firms faced modest but statistically significant carbon premia,
indicating some degree of emission-based pricing. During the energy crisis, these premia weakened
or even reversed, likely reflecting heightened concerns over energy security. Following the Climate
Act, there is no evidence of a significant increase in the penalisation of high emitters based on
direct emissions. The full set of Scope 1 estimates is reported in Table 1.

5.2 Scope 2 Emissions and Interaction with Scope 1

Table 2 reports the results for models using Scope 2 emission intensity. Across specifications, the
coefficient on Scope 2 emissions is generally positive but imprecisely estimated and not statistically
significant, indicating no systematic baseline pricing relationship. When bank and time fixed effects
are introduced, the coefficient remains statistically insignificant, suggesting that unobserved bank-
level and temporal heterogeneity do not materially alter this conclusion. One interpretation is
that, prior to the Climate Act, energy-related emissions were not directly priced in loan margins,
potentially reflecting a limited focus by banks on indirect emissions before the strengthening of the
regulatory framework.

Across all model specifications, the coefficient on the Scope 2 x Energy Crisis interaction term
is consistently negative. The estimates are statistically significant in the specifications reported
in columns 3-6, with the strongest significance observed in the fully saturated specification in
column 6, which includes all fixed effects and control variables. This pattern indicates that during
the European energy crisis, firms with high Scope 2 emissions, that is, more energy-intensive firms,
obtained loans on relatively more favourable terms than their less energy-intensive counterparts.
One possible interpretation is that, during the crisis period, banks placed greater weight on short-
term financing needs and sectoral resilience considerations than on longer-term transition risks.
In this context, energy-intensive firms may have been perceived as strategically important for
maintaining economic activity and production capacity during the period of heightened energy
market stress.

In the post-policy period, a pricing relationship emerges for Scope 2 emissions. The interac-
tion term between Scope 2 emission intensity and the Climate Act is positive across all model
specifications, although statistical significance is reached only in the fully saturated specification
that includes all control variables and fixed effects. The relatively modest average treatment effect
masks substantial dynamic heterogeneity over time, as the event-study specifications reported later
reveal a delayed but increasingly pronounced pricing effect emerging approximately eight months
after the policy change.

These results suggest that following the introduction of the Finnish Climate Act, more energy-
intensive firms, as captured by their industry-level Scope 2 emission intensity, began to face rel-
atively higher borrowing costs. This pattern is consistent with the emergence of a carbon risk
premium for Scope 2 emissions in the post-policy period, although the effect appears to material-
ize gradually over time rather than immediately after the policy change.

To examine how the pricing of energy-related emissions evolved around the introduction of the
Climate Act, we estimate a dynamic event-study specification in which Scope 2 emission intensity
is interacted with event-time indicators. This approach traces the evolution of the carbon premium
over time and provides a direct test of pre-trends. As shown in Table 6, the coefficients prior to the
reform are economically small and statistically insignificant, providing no evidence that Scope 2
emissions were priced before the Climate Act entered into force. Interestingly, the coefficients
remain negative during approximately the first five to seven months following the reform, suggesting
that the effects of the European energy crisis continued to dominate loan pricing dynamics during
the early post-policy period. One possible explanation is that, although our energy-crisis indicator
ends in December 2022, elevated energy market stress and related policy uncertainty persisted well
into 2023. As a result, banks may initially have continued to extend relatively favourable financing
conditions to energy-intensive firms before transition-risk pricing became more pronounced later
in the sample period.

The dynamics shift markedly in the later post-policy period. The estimated coefficients begin
to increase approximately eight to ten months after the Act and become statistically significant.
In the specification with bank and time fixed effects (Table 6, Column 3), the interaction between
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Scope 2 emission intensity and the post-Act period is positive and statistically significant from
eight months onward, indicating an increased sensitivity of loan pricing to indirect emissions.
Overall, these dynamics point to a delayed but persistent repricing of Scope 2 emissions following
the Climate Act.

These findings reinforce and refine the baseline results by showing that the pricing of Scope 2
emissions intensified gradually following the introduction of the Climate Act. The delayed response
is consistent with a gradual adjustment in banks’ internal risk assessments and lending practices
after the strengthening of the regulatory framework. The timing also overlaps with the European
energy crisis, which persisted into early 2023. Although we attempt to account for this period using
a dedicated crisis indicator, the specification may not fully capture all crisis-related mechanisms,
including subsidized lending schemes and temporarily compressed interest rate margins. In contrast
to the relatively stable pattern observed for Scope 1 emissions, the Scope 2 estimates display a
pronounced dynamic response, suggesting that the Climate Act contributed to a gradual repricing
of indirect carbon exposure in bank lending.

Our findings align only partially with Ho and Wong (2023), who study syndicated loan contracts
in emerging markets and find no significant carbon premium associated with Scope 2 emissions in
loan pricing. Instead, their evidence points to adjustments in non-price terms, such as reduced
maturities and tighter covenants, particularly in industries with high energy-related emissions.
The divergence may reflect institutional and temporal differences. Their analysis covers pre-2019
data and settings where national climate frameworks were less developed, whereas in Finland the
enactment of the Climate Act in June 2022 appears to have triggered a repricing of energy-related
emissions exposure through interest margins.

Also, Ehlers et al. (2022) find a statistically significant post-Paris coefficient for Scope 2 emis-
sions; however, they report that the estimated effect is not economically significant.

At the same time, the results resonate with Altavilla et al. (2024), who show that across the
euro area higher (combined Scope 1 and Scope 2) emissions intensity is associated with higher loan
margins, although they do not isolate the effects of individual scopes. In this respect, the Finnish
evidence provides more granular insight: Scope 2 emissions begin to attract a pricing premium
only after the introduction of national climate legislation.

Taken together, the results suggest a clear temporal shift in how banks evaluate Scope 2 emis-
sions. There is no evidence of systematic pricing of Scope 2 emissions prior to the Climate Act.
However, during the energy crisis, energy-intensive firms benefited from lower borrowing costs,
likely reflecting their strategic importance and perceived stability during a period of heightened
supply risk. Following the enactment of the Climate Act, this pattern changes. The emergence of
a statistically significant Scope 2 premium in the post-policy period indicates that Finnish banks
began to internalize transition risks more fully in their pricing decisions, consistent with broader
repricing trends documented in Europe and internationally. The full set of estimated coefficients
is reported in Table 2.

5.3 Economic Significance of the Results

To evaluate the magnitude of the economic effects based on our estimation results, we interpret
the regression coefficients in terms of basis points (bps) of interest rate margins. Because the
treatment variables are defined as binary indicators for firms in the upper part of the emissions
distribution, based on Scope 1 or Scope 2 emission intensity, each coefficient captures the interest-
rate premium or discount applied to relatively more carbon-intensive firms, conditional on loan
and firm characteristics.

This approach follows a quasi difference-in-differences design in which treatment status reflects
differential exposure to transition risk rather than assignment to a fully untreated control group.
Firms below the emission cutoffs therefore serve as a comparison group, but are not assumed to
be unaffected by the policy. Instead, identification relies on differences in the intensity of exposure
to climate-related policies and shocks across firms.

The quasi-experimental nature of the setting allows flexibility in defining the treatment group
based on alternative emission thresholds, such as the top 50%, 33%, 25%, 20%, or 10% of the
distribution. In the baseline analysis, we focus on the top 25% and top 33% thresholds to assess
how pricing varies across different levels of emission intensity. The results indicate that the carbon
premium is concentrated among the highest-emitting firms, with stronger and more consistent
effects for the top quartile than for the broader top third.
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Columns 1-4 of Table 3 present the estimates for the top one-third and top one-quarter of
firms in the Scope 1 intensity distribution. These models exclude post-treatment interaction terms
because earlier results showed no systematic change in Scope 1 pricing following the 2022 Climate
Act.

For firms in the top 33% of the Scope 1 emission intensity distribution (Columns 1-2), the
estimated premium ranges from -6.5 to -8.6 basis points and is statistically insignificant. This
implies that high-emitting firms do not face meaningfully higher loan margins than their more
green peers.

For firms in the top 25% of the emission intensity distribution (Columns 3-4), the estimated
premia increase substantially to around 30 to 31 basis points and are both economically and sta-
tistically significant. This pattern suggests that banks may tolerate modest variation in direct
emissions but begin to systematically price transition risk primarily for the highest-emitting bor-
rowers.

Columns 5-8 consider Scope 2 emissions and incorporate the post-treatment interaction term,
allowing the effect of high indirect emissions to differ before and after the Climate Act.

Before the Climate Act, high Scope 2 emitters experienced no systematic penalisation in loan
pricing. The coeflicients on high_emitter in columns 5-8 range from —6 to 6 bps and are statis-
tically insignificant for the top 25% and 33% of emitters. This pattern indicates that banks did
not systematically price energy-related emissions prior to the legislative reform; if anything, high
emitters obtained loans at slightly lower interest rate spreads.

After the Climate Act, the interaction term post_high emitter becomes consistently positive
across the top 25% and top 33% Scope 2 specifications, although the estimates are imprecisely
estimated. For firms in the top 33% of Scope 2 intensity (columns 5-6), the estimated post-Act
premium is approximately 14 bps, while for the top 25% most energy-intensive firms (columns 7-8),
the estimated premium increases to around 1617 bps. Although the imprecision of the estimates
warrants caution in interpretation, the magnitude and consistency of the coefficients remain sug-
gestive of a potential shift toward higher pricing of indirect carbon exposure following the Climate
Act.

The implied carbon premia are economically meaningful. For the most carbon-intensive firms,
the estimated Scope 1 premium for top-quartile emitters lies in the range of roughly 30-31 basis
points, while the post-Climate Act premium associated with Scope 2 emissions for top-quartile
emitters is around 16-17 basis points. These magnitudes correspond to approximately 10-20%
of the average interest margin in the sample, indicating that transition risk, particularly through
indirect emissions, has become a substantial determinant of credit pricing.

The results differ slightly across firm sizes and are reported in Table 4. For Scope 1 emissions,
a positive premium is consistently observed for both large firms and SMEs. For large firms, the
estimated effects range from 31 to 35 bps and are statistically significant at the 1% level. For SMEs,
the estimated premiums are similar , around 35, but are not statistically significant. Overall, this
suggests that banks apply a direct-emissions premium broadly across firm sizes.

For Scope 2 emissions, the pricing of carbon risk in the post-Act period appears to be concen-
trated more strongly among large firms. Large energy-intensive firms face economically meaningful
and relatively precisely estimated increases in borrowing costs (28 to 30 bps), which are statistically
significant. In contrast, SMEs exhibit smaller and less precisely estimated effects, ranging from 12
to 25 bps.

These results suggest that the repricing of indirect emissions may be somewhat more pro-
nounced for larger firms; however, given the imprecision of the estimates, this difference should be
interpreted with caution.

Together, these results highlight three key patterns: (i) direct emissions (Scope 1) are priced
consistently for the highest emitters but the pricing of loans does not specifically respond to the
Climate Act; (ii) indirect emissions (Scope 2) become priced only after 2022, pointing to a policy-
sensitive repricing dynamic; and (iii) carbon premia are economically meaningful for both large
and small firms, although statistical significance varies across size classes.

6 Robustness checks

We evaluate the robustness of our findings using two main approaches: (i) validating the imputation
of emissions data and (ii) assessing the sensitivity of the regression results to model specification
and the choice of loan size threshold. To this end, we employ several complementary analyses.
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We follow the methodology recommended by the Partnership for Carbon Accounting Financials
PCAF (2022). Our first-best source of emissions data are verified firm-level emissions from the
EU Emissions Trading System (ETS). Where ETS data are unavailable, we apply a third-best
imputation method based on economic indicators. The second-best approach, based on physical
activity data (e.g. fuel use or production quantities), is not feasible due to data limitations. In
the imputation procedure, we allocate aggregate industry-level emissions to firms proportionally,
using firm-level economic indicators namely turnover. To estimate Scope 2 emissions, we apply
an input-output framework that maps energy use by industry to firms (Statistics Finland, 2025).
This approach captures indirect upstream emissions not directly reported by the firms themselves.

A further robustness check evaluates whether our results depend on the inclusion of imputed
emissions. To this end, we re-estimate the Scope 1 models using only verified ETS emissions,
restricting the sample to firms that report directly under the EU Emissions Trading System. This
reduces the number of observations to 346-357 loans (depending on the specification), compared
with approximately 3,000 in the baseline sample.

The restriction also affects the number of clusters. In the ETS sample, the number of bank
clusters decreases to 11 when bank and time fixed effects are included and to 21 in specifications
without these fixed effects. By contrast, in the baseline sample with imputed emissions, the number
of clusters ranges between 41 and 54 depending on the specification.

Despite this reduction in both sample size and the number of clusters, the results reported
in Table 5 closely mirror the baseline findings in Table 1. Additional information on the role of
verifiers is provided by Energiavirasto (2024) (in Finnish).

Across all specifications, the coefficient on Scope 1 emissions remains positive and statistically
significant, with magnitudes between 0.21 and 0.24. These estimates are highly consistent with
those of the full-sample models, indicating that the observed pricing of direct emissions is not an
artefact of the imputation procedure. The coefficient on the interaction effect between Scope 1
intensity and the post-Climate Act indicator is negative but not statistically significant, again
matching the baseline result that the Climate Act did not increase the pricing of direct emissions.

Overall, restricting the analysis to firms with verified ETS emissions confirms the robustness of
our main conclusions regarding direct emissions. Scope 1 emission intensity is priced positively and
economically meaningfully in the pre-policy period, consistent with the baseline results. However,
the estimated coefficients are lower after the introduction of the Climate Act, and the post-Act
interaction term is negative, but not statistically significant in several specifications. This pattern
indicates that the pricing of direct emissions does not intensify following the Climate Act and
instead shows signs of attenuation. Importantly, this result holds even when relying exclusively on
verified emissions data, suggesting that it is not driven by the imputation of emissions, but reflects
a genuine pricing of lending.

To assess the robustness of our findings, we estimate all models specifications using a broad set
of alternative controls and fixed-effect structures. Across all tables reported in the paper (Tables 1,
2, 3,4, 5 and 6) , the key coefficients remain stable in magnitude, sign, and statistical significance.

First, we assess the sensitivity of the results to alternative specifications regarding fixed effects
and control variables. For each emission scope, we estimate models (i) excluding loan-level charac-
teristics, (ii) excluding bank and time fixed effects, and (iii) including the full set of controls. Across
all specifications, the estimated effects of emission intensity remain stable in sign and magnitude,
indicating that the main findings are not driven by a particular modelling choice.

Second, to account for potentially slow-moving bank-specific pricing strategies, we re-estimate
the baseline models by replacing separate bank and month fixed effects with bank-by-year fixed
effects. This specification allows for arbitrary bank-level trends at the annual frequency while
preserving cross-sectional variation across borrowers. The results, reported in Table 7, are very
similar to the baseline estimates, suggesting that the identified carbon premia are not driven by
gradual changes in individual banks’ pricing policies.

Third, given data limitations that prevent the use of firm fixed effects, we control in all specifi-
cations for unobserved heterogeneity using industry-size fixed effects constructed at the two-digit
industry level and firm-size bins. This approach captures systematic differences in loan pricing
related to both sectoral characteristics and firm scale. In specifications estimated separately for
SMEs and large firms, size variation is absorbed by construction, and we therefore include industry
fixed effects only. This strategy follows standard practice in the loan-pricing literature and ensures
comparability across models.

Fourth, we test the a priori loan size threshold of €1 million by applying alternative cutoffs.
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Specifically, we consider thresholds of €750,000 and €1,250,000. The results for the main specifi-
cations are reported in Tables 8 and 9.

Across these alternative thresholds, the estimated coefficients are of similar magnitude to those
reported in the main tables (1, 2, 3, and 4).

Finally, we address the influence of extreme observations by winsorizing both emission inten-
sities and loan spreads. Emission intensity outliers are winsorized at the top and bottom one
percent within each year to avoid distortions arising from time trends in emissions. Loan spreads
are winsorized at the top and bottom one percent within industries to account for heterogeneity
in pricing distributions across sectors.

Across all alternative specifications, including the restricted ETS sample, models with reduced
controls, alternative fixed-effect structures, and different loan size thresholds, the main results
remain highly robust. The pricing of Scope 1 and Scope 2 emissions, as well as their policy-related
dynamics, is therefore unlikely to be driven by modelling artefacts, omitted contractual variables,
or distributional anomalies.

7 Conclusion

This paper provides new evidence on how Finnish banks price carbon emissions in corporate
lending, with a particular focus on the distinction between direct (Scope 1) and energy-related
(Scope 2) emissions and the role of national climate policy. Using granular loan-level data on newly
originated variable-rate loans from 2019 to 2024, we examine whether transition risk (via carbon
emissions) is reflected in loan pricing and how this relationship evolves following the introduction
of Finland’s Climate Act in 2022.

Our results point to a selective and scope-dependent incorporation of carbon risk into loan
pricing. For Scope 1 emissions, which capture firms’ direct emissions and are largely regulated
under the EU Emissions Trading System, we find evidence of a positive and economically mean-
ingful carbon premium throughout the sample period. High-emitting firms face higher borrowing
costs relative to less polluting peers, particularly among the most emission-intensive borrowers.
However, this pricing pattern weakens during the European energy crisis and does not intensify
following the Climate Act. If anything, the estimated Scope 1 premium declines after 2022, sug-
gesting that national climate legislation did not lead to additional repricing of direct emissions.
This stability is consistent with the fact that Scope 1 emitters are already subject to supranational
regulation through the EU ETS, which may limit the incremental informational or regulatory
content of domestic climate policy for banks’ risk assessments.

When focusing on ETS-regulated firms, the downward shift in loan pricing after the Climate Act
becomes more pronounced, but still not statistically significant. The drivers of this development
may relate to dynamics in emissions allowance markets Antoniou et al. (2020).

In contrast, we document a clear upward shift in the pricing of Scope 2 emissions following the
Climate Act. Prior to 2022, there is no evidence of systematic pricing of energy-related emissions
in loan margins. During the energy crisis, energy-intensive firms temporarily benefited from lower
borrowing costs, likely reflecting their strategic importance and perceived stability amid heightened
supply uncertainty.

Following the enactment of the Climate Act, Scope 2 emissions become positively and signifi-
cantly associated with loan spreads, with the effect emerging gradually and strengthening over time.
Dynamic specifications show that the carbon premium for Scope 2 emissions becomes statistically
significant several months after the Climate Act and remains persistent thereafter, indicating a
delayed but durable adjustment in banks’ pricing practices.

This pattern suggests that national climate legislation, together with heightened attention to
energy use and transition risk following the energy crisis, played an important role in reshaping
banks’ treatment of indirect emissions.

The economic magnitude of the estimated effects is substantial. For the most carbon-intensive
firms, Scope 1 emissions are associated with interest rate premia on the order of several tens of
basis points over the full sample period, while post-Climate Act Scope 2 premia reach comparable
magnitudes. These effects represent a non-negligible share of average loan margins, underscoring
that transition risk has become a material determinant of financing costs in Finland.

At the same time, the results reveal some heterogeneity by firm size. Large firms face more
consistently estimated carbon premia for both Scope 1 and Scope 2 emissions. However, the
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differences across firm sizes remain relatively modest and should therefore be interpreted with
caution.

Overall, the findings highlight that the pricing of transition risk in bank lending is neither
uniform nor automatic. Banks respond differently to direct and indirect emissions, and national
climate policy appears to matter primarily for emission sources that are not already tightly regu-
lated at the supranational level. The Finnish case illustrates how climate legislation, energy market
disruptions, and firm characteristics jointly shape the transmission of transition risk into credit
costs. By documenting these mechanisms in a bank-centered financial system, this paper con-
tributes to the growing literature on climate finance and offers insights relevant for policymakers
seeking to understand how climate regulation interacts with the financial system.
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Use of AI-Assisted Tools

Al-assisted tools were used for language editing, proofreading, table formatting, and other technical
and presentation-related tasks. The authors remain fully responsible for the content, analysis,
results, and conclusions presented in this paper.
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8 Annex

Scope 1 results
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"T0°0 > d xxx PUB ‘GO0 > d xx ‘0T"0 > d « AQ pPa1eIPUI S| 90ULRDNIUSIS 1BINSIIEIS |9A] YUBC U3 1B PAI2ISN| dle S10413 plepueis
“19A3) AlyIuow By 1 PapNoUl 8l S198))8 Paxi) WI| "SBLISNPUI UIYIIM PIZIIOSUIM a1 Suiglew Ueo) a)iym

‘1eak Yoea UIYIIM PaZIIoSUIM S| A1ISUSIUI UOISSIWT "S9)11ua2.ad Yiulu-A1auiu pue 1siij dU1 18 PAZIIOSUIM 3. S811ISUD1UI UOISSIWS pue suigiew ueo

*S9111119.} 11Pa10 SUIA|OAR. 10} 101RDIPUI U pUE ‘9SIN0J31 ‘adA] JuaLuniIsul ‘sniels uoneulpiogns ‘esodind ueo) ‘uonosiold je1sienod

‘Aousnbaiy 19581 81eJ-1S8181U1 ‘AllINIBW 818J-80UBI8)8) ‘A11INJ_W UBO] “JUNOWE |RUIWIOU SUIPUBISING PS1BIO0]E 8L 9PNIOUI S]0J1U0D 18AS)-UROT

‘pauiodal os)e ale 1neyap Jo ANjigeqold uo sauaIoLR02) “AIISUSIUI UOISSILIS L)IM SUOIIDRISIUI IIBU) SB 119M SB ‘ZZ0Z 1aqWada( 0} ZZ0Z dunf pue

220T YdJe ‘TZ0Z Jaquwiadad Sulianod Awwnp sisiio A318us Ue pue ‘SpIemuUO ZZ0Z ‘T 8unf Woij auo 031 1enbs Awwnp 19y a1ewn) e ‘A1Isusiul uoIssiwe
1 2d0og ale sajgelea Juapuadapul ulew ay] *(04na 000 000 T=< SULO)) UISIewWw ueo) a)gelieA Juapuadap ay) Jo) sa1ewnsa suodal a)gel ay] :Sa10N

ST0€ 8¢0¢ 8¢0¢ ST0e 8¢0¢ 8¢0¢ $qO Jo JIsquinN

8670 87°0 8’0 S0 87°0 ovy'0 paienbs-y [py
SoA ON ON SOA oN oN $34>ueq pue awi]
SOA SOA SOA S9A SOA SOA s34 8zis Ansnpur w4
SaA SOA ON SOA SaA ON $]01U09 UBOT

(280°0) xxx¥0E'T
(60T°0) €LT°0-
(peniwo) o
(061°0) ¥00°0
(peniwo) 0
(250°0) xxxS02°0

(£21°0) xxx¥9E'T
(£60°0) GZT°0-
(5€0°0) 6170°0-
(651°0) 6£0°0-
(otT°0)2L0°0

(6770°0) xxx¥6T°0

(80°0) xxx6TE'T
(990°0) xxxT12°0~
(820°0) xx7790°0-
(z11°0) 550°0
(190°0) x€21°0
(2¥0°0) xxxE€8T°0

(180°0) xxxV0E'T
(€80°0) xxTLT°0-
(peniwo) o

(250°0) xxxS02°0

(T2T°0) xxx9LE'T
(#£0°0) x0¥T°0-
(720°0) 820°0-

(070°0) xxx£8T°0

(€0T°0) xxxVCE'T
(650°0) xxx99T°0~
(20°0) 020°0-

(1£0°0) xxx99T°0

nneyaq Jo Anigeqold
sisuQ A81au3 1 adoog
sisu) AS1eug Awwng

T 2d02S 19y 918WND 150d
10B 91eWI2 1S0d

1 8doog

(9)

(s)

(v)

(€)

(2)

(1)

a1qenep

23



Scope 2 results
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ificance Scope 1 and 2

: Economic sign
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Scope 1 results, only Emission Trading System data (ETS)

Table 5
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Table 6: Scope 2 Dynamic climate act interaction model

Variable (1) (2) (3)
Scope 2 3.171* (1.767) 3.186* (1.693) -0.245 (2.324)
Q-dummies Yes Yes omitted
ClimateActM[-4,-2]_Scope2 -3.054 (3.763) -3.047 (3.254) 0.021(3.818)
ClimateActM[-1,+1] Scope2 1.885(3.381) 1.588(3.241) 5.456 (4.544)
ClimateActM[+2,+4]_Scope2 0.222(5.010) 1.355 (4.785) 4.350 (5.598)
ClimateActM[+5,+7]_Scope2 -0.688 (5.403) -3.334 (4.960) -1.116 (5.504)
ClimateActM[+8,+10]_Scope2 10.420 (6.467) 11.165** (4.945) 11.987** (4.845)
ClimateActM[ >+11]_Scope2 6.990 (6.329) 8.376*** (2.394) 9.290*** (2.074)
dummy_energy_crises 0.159 (0.097) 0.187* (0.098) 0 (omitted)
high_emitter_energy_crises -3.115(2.882) -2.261(3.025) -2.978 (3.424)
Probability of Default 1.307*** (0.082) 1.352*** (0.116) 1.292*** (0.082)
Loan controls No Yes Yes
Firm industry size FEs Yes Yes Yes
Time and bank FEs No No Yes
Adj R-squared 0.451 0.484 0.499
Number of obs 2999 2999 2986

Notes: The table reports estimates for the dependent variable loan margin (loans >=1 000 000 euro). The main independent
variables are Scope 2 emission intensity and its interactions with a set of event-time indicators around the introduction of
the Finnish Climate Act on June 1, 2022. Event-time windows are defined relative to the policy date, with

the omitted category corresponding to the pre-event baseline period. Quarter dummies are included

in specifications (1) and (2) and omitted in specification (3) due to the inclusion of time fixed effects.

The table also reports coefficients on an energy crisis dummy covering December 2021, March 2022,

and June 2022 to December 2022, as well as its interaction with an indicator for Scope 2 emission intensity.

Coefficients on probability of default are reported in all specifications.

Loan-level controls include the allocated outstanding nominal amount, loan maturity, reference-rate maturity,
interest-rate reset frequency, collateral protection, loan purpose, subordination status, instrument type, recourse,

and an indicator for revolving credit facilities. Loan margins are winsorized (within industries) at the first and ninety-ninth percentiles.
Emission intensity is not winsorized, as no extreme values arise due to average imputation.

Firm industry-size fixed effects are included in all specifications. Time fixed effects are included at the monthly level

where indicated, and standard errors are clustered at the bank level.

Statistical significance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Scope 1 and Scope 2 Bank**Year fixed effect

Robustness check

Table 7

"10°0 > d xxx PUE ‘GO0 > d xx ‘0T°0 > d 4 AQ PaILDIPUI S1 9OUBILIUSIS 18INSIIEIS

JaAd] Jueq BY} 1B PaJaIsSN]d e S10113 plepuels 1aAd) Alieak-Heu/Aluiuow ay3 1e papn)dul 1. S199)4d PaXI) dWI] *SAIISNPUI UIUNM PBZIIOSUIM 1. Sul3lew ueo) a)lym
‘1eak yoea ulyym paziosuim si (T 8doag Ajuo) Ayisuaiul uoissiwg “sajinuadlad Yuiu-A1aulu pue 1sliy 8y 18 pazilosuim ale (T 8dodg Auo) sa1lIsualul UOISSIWS pue suigiew ueo
*S3IM)198) 1PaId SUIAJ0AR] 10} 101BIIPUI UB pUB ‘8SIN023l ‘adAl Juawinilsul ‘snieis uoleulplogns ‘@sodind ueo) ‘uonoslold |e1aie)od

‘Kousnbaly 19sa. 811-1S8181U1 ‘A1LINIRW B1RI1-80UBIB43] ‘A11INBW UBO] QUNOWE JeUILLOU SUIPUBISING PB1EIOIE 8U1 8PNjOUI S]0JIU0D 19A8)-URBOT

‘payiodal 0s|e 8. 1Nejap 0 Aigeqoid uo SIUBIDIIB0D "SBINSUBIUI UOISSILLS UIIM SUORDRISIU JIBY) SE ||aM Se
220T 19qWadaQ 0} ZZ0Z dUN( pue ‘zz0z UdIeW ‘TZ0Z Jaquiada Sulianod Awwnp sisio AS1aus ue pue ‘spIemuo zz0g ‘T 8unf woiy auo 0} jenba Awwinp 10y slewn e
‘salsualul uoIssIwa g 8doog pue T 2dodg aie sajqelieA Juspuadapul ulew ay] *(0ind 000 000 T=< SUBO)) UiSiew ueo) a)qeleA Juapuadap sy} 10} sa1ew lse suodal 81qel ay] :SaloN

168 20TC 168 c0te cL6T cL6T cLee cLec $Q0 JO JIaquinN
Sve0 LLV'0 Sve0 9/v°0 G67°0 867°0 S67°0 L6V°0 palenbs-y [py

SaA SOA SOA SaA SOA SOA SOA SaA S fUBQ##IEOA

SBA SaA SaA SBA S8A SaA SO SBA s34 8zis Aisnpui wii4
S8A SOA SaA S8A S8A SOA SO SBA $10J3U00 UROT

(£81°0) xxx068'0  (2ST°0) xxx20T'T
(8£1°0)€€0°0 (G81°0) xxx069°0-
(671°0) 580°0 (zot°0) 85T°0
(zre0) T9V°0 (8TT°0) xx90€°0

(850°0) xx%8L1°0 (011°0) 000°0
(190°0) x61T°0 (580°0) £00°0-

(9TT°0) %6460
(622°0) CTT°0-
(6¥1°0) 802°0

(822°0) 88€'0

(2ST°0) xxxLET'T
(ev1°0) 0ZT°0-
(zrT'0)0CT'0

(990°0) xxx6TE0

(T2T°0) xxxT6C'T
(9€1°0) 880°0-
(0z1°0) 06T°0
(0S1°0) 0ST°0
(£11°0) €00°0-
(280°0) 920°0

(90T°0) xxx0TE'T
(880°0) 5120
(80T°0) x«E€VC'0

(190°0) xxx662°0

(£21°0) xxx88T'T
(169°2) «TTT'G-
(EVT°0) xx90€°0
(776°'T) «x899'%
(860°0) 0TT°0-
(¥€£2) 99T°0

(TTT°0) xxxGTE'T
(680°0) x9LT°0~
(80T°0) xxT2C'0

(¥70°0) xxx£TT°0

Amnigegoidnnejep

e TR CIETER MR
sas11o~AZ1aua Awwinp
Janwaydiysod
1oe3lew o Jaye Awwnp
Japiwaysiy

(8) (£)
ANS agie
%S¢ doy zadoos

(9)
ENS

(s)
agle
%Gg doy 18d0og

(¥)
%Gz do1zadoag

(e)
%G¢ do) Tedoas

(@
zadoos

(1)
1adoas

BEEIER

29



Loans equal and over 750 000 euro

Robustness check

Table 8

‘Jeafkyoea u

“T0°0 > A yxx PUB ‘GO0 >  xx ‘0T°0 > d  AQ PAIEDIPUI S1 20ULDIIUSIS 1€ONSNEIS

"JoA3] JUBQ 3} }e PaIBISN]I dIe SI0113 pIepue)S 13A3) Alleak-fley/Alyluow ay3 1e papn)oul a1 S}09)48 PaxIy aWi] “SaLISNPUI UIYHM PazZIIOSUIM aJe suidlew Ueo) a)lym

IM paziiosuim s| (T 9doag Auo) Alisualul uoissiwg ‘sajiauadlad yiulu-Alauiu pue 1sily 3yl 1e paziosuim ale (T 9dodg Auo) sallisualul uoISSIWa pue suidiew ueo
*S9[M11984 1IPaJd SUINJ0ASI 10} 101BDIPUI UB PUE ‘9SIN02al ‘@dAl Juswniisul ‘snieis uolieulplogns ‘asodind ueoj ‘uoi1aa3oid 1eale)jod

‘fousnbauy 19sa1 81eI-1S818)Ul ‘AllINjeW 81eI-90UBl8el ‘AILINIEW UBO] JUNOLWE JRUIWOU SUIPUBISING PSIRIO]|E B} 8PNIDUI $]0J1UO0D 19A8)-UBOT

‘payodal 0sje a1e )neyap 4o Aigeqold uo SiusId1Ya0Y "SAIISUBIUI UOISSILD YHM SUO[IDEIDIUI JIDY) SE 1]aM Se
2202 19gqWa29 01 ZZ0gZ dunf pue ‘zz0z Udie ‘120z Jaquiadag Sulianod Auwnp sisiio AS1aua ue pue ‘splemuo gg0g ‘T aunf Woiy auo 01 1enba Awwnp 10y alewn) e

ua)ul uoissiwa g 8doog pue T 8doog aie sajgeleA Juspuadapul uiew ay] *(04ns 000 0GZ=< SULO]) UISIeW ULO) d1gelieA Juapuadap ay) 10 S81ewss suodal a)qe) 8y] :S8loN

6TTT €zee 6ITT €zee £6ee £6ee £gee £6ee $q0 Jo JaquinN
€9€°0 9r'0 G9E°0 9570 ¥67°0 9670 v67°0 6170 palenbs-y [py
SOA SOA SOA SOA SOA S9A SOA SOA S34UBQ##IBIA
S\ SOA SOA SO\ S9A SOA SOA SOA S349ZIs \Cawz_u:_ w4
SOA SOA S9A SOA SO9A SaA SOA S9A §]0J1U0d ueo]
(SOT'0) xxx£8T°T  (8ZT°0) xxxOVT'T  (LTT°0) xxxGETT  (8ET'0) xxx66TT  (1G0°0) xxxGEE'T  (SV0°0) xxx0GE'T  (0G0°0) xxx8EE'T  (£P0°0) xxx6GE'T  AMgeqoidnnejep
(TTT°0) xxxGEE'0  (9GT°0) xx9£9°0- (811°0) 160°0 (£6T°0) TET O~ (TeT°0) 9100 (860°0) xx£0T"0- (601°2) x£ST7-  (160°0) xxx6¥C°0- S8SHO~AZIBUd IanIWa Y31y
(820°0) xxxGET"0- (££0°0) 1€0°0 (£¥0°0) ¥50°0- (990°0) £10°0- (penwo) o (peniwo) 0 (pemiwo) 0 (pa1mwo) o sos110”AS18us Awwinp
(€50°0) T1€0°0- (8ET°0) xx9€€°0 (871°0) 8£T°0 (€£6°2) x0LL°S Jamwe ysiy1sod
(190°0) xxx¥12°0  (090°0) xx9ET'0 (peanwo) o (peniwo) 0 10B31RWNDI8YE AWwnp
(et1°0) 020°0 (160°0) £20°0- (r9z°0) 86€°0 (09T°0) xxGSE°0 (z£0°0) 900°0- (£¥0°0) xxx26C°0 (99v°2) veT 0- (TG0°0) xxxGT2°0  Jamwa ysy
(8) (£) (9) (g) (¥) (e) (2) (1) EIREIEN
EINS ag1eq INS a81e7 %Gz doy gadoog 9Gg doy Tadoog zadoog 1odoog
%G doy gadoog oGz doy Tadoog

30



Loans equal and over 1 250 000 euro

Robustness check
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Table 10: Correlations
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Table 11: Averages and standard deviations
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