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Abstract

The emergence of non-bank and digital competitors has increased the level of competition in the
financial sector and has created new challenges and opportunities for incumbent banks. Alternative
lenders are using digital platforms and new technology to provide financial services more
efficiently and could threaten the profitability of incumbent banks. Using a panel data set of forty
Danish banks for the period of 2010-2024, this study investigates the impact of alternative lending,

including FinTech activity, on the profitability of Danish incumbent banks.

We measure bank profitability by Return on Average Assets (ROAA), Return on Average Equity
(ROAE) and Net Interest Margin (NIM). Alternative lending including FinTech activity is proxied
by annual non-bank consumer credit in Denmark. The analysis is performed by means of fixed
effects panel regression models controlling both bank-specific and macroeconomic factors.
The empirical results suggest that alternative lending has a positive but borderline significant effect
on ROAA. The relationship with ROAE is also positive but not statistically significant. However,
alternative lending has a significant negative impact on NIM, suggesting that the intensified
competition from alternative lenders is exerting downward pressure on banks’ traditional interest
income. The study also finds that the effect differs across bank groups with larger banks
outperforming smaller banks when alternative lending competition exists. The interaction analysis
also suggests that bank specific characteristics such as size growth, capitalization and operational

efficiency affect the relationship between alternative lending and bank profitability.

The overall findings suggest that alternative lending, including FinTech activity, exerts pressure
on the traditional interest margins, but can also incentivize incumbent banks to improve efficiency,
embrace innovation and sustain overall profitability. This paper adds to the little existing literature
on the Danish banking sector and provides insights into the relationship between alternative

lending and bank profitability in a highly digitalized economy.

Keywords: Alternative Lending, FinTech, Danish Banks, Bank Profitability, ROAA, ROAE, NIM



CHAPTER I

1. Introduction

Alternative finance has existed in human society for a long time. Financing within social and
business circles is one of the oldest forms of alternative finance (Allen & Qian, 2024). On a broad
range, alternative finance encompasses several activities such as "trade credits based on business
networks, family loans, community mutuals by social networks, credit associates through
professional networks, business group lending, private equity and debts, crowdfunding, peer-to-
peer (P2P) and various new options based on the internet, technology, and virtual networks" (Allen
& Qian, 2024). In general, alternative finance is the term applied to the financial approaches which
do not work within conventional banking systems and capital markets. According to (Cambridge
Centre for Alternative Finance [CCAF], n.d.) alternative finance is financial channels that are not
a part of the traditional financial system. It encompasses models of funding like peer-to-peer
lending, crowdfunding, invoice financing and revenue-based financing. These systems are
generally backed with digital platforms which link borrowers and investors without the help of

banks as intermediaries

The Global Financial Crisis (GFC) of 2008 that affected the worldwide banking and financial
system was an important event after which alternative finance became more popular (Philippon,
2016). There were series of events that led to the crisis that significantly affected global financial
markets (Zheng, 2023). First and foremost, there was a favorable macroeconomic environment in
the United States in the years leading to the GFC, which led to the excessive increase in real-
estate's prices. The supportive economic condition led individuals & households, particularly in
the United States, to believe that houses prices will continue rising sharply and they began
borrowing imprudently to purchase houses. Individuals, thus, borrowed excessively from banks
with the hope of purchasing houses and flipping them for profit. (Reserve Bank of Australia
[RBA], n.d.)

During mid-2006, the US housing prices peaked, which coincided with the rapidly growing
housing supply. This led to the decline in housing prices and as the houses began to decrease in
value, the number of borrowers failing to make the repayment grew higher in the United States.
(RBA, n.d.). This created a tumbling effect and the financial stress peaked with the fall of large

US financial firms including Lehman Brothers, Bear Stearns and AIG. This triggered panic in



global financial markets and financial system became dysfunctional as everyone tried to sell at the
same time. (Zheng (2023), RBA, (n.d.)). Public trust in the financial system was reduced as a

consequence of failure of large financial firms.

Several studies believe that lax regulation and regulatory oversight was the primary cause of the
crisis, and therefore, the aftermath of the crisis led to stringent regulation in the financial sector,
especially through the Dodd Frank Act and Basel III (Zheng, 2023). The tighter regulation,
especially related to the liquidity and leverage significantly reduced overall bank lending. Ivashina
& Scharfstein (2010) finds that after the 2008 crisis, loan to new borrowers, loan for real
investment and loan for restructuring all contracted by a significant proportion. They argue that
while part of the contraction might be because of the low demand as firms were actively pushing
their expansion plans forward, the restriction in loan advancement is also due to the inability of

banks to meet the supply.

The combined effect of increased public distrust on traditional banks, and stringent regulatory
provisions that restricted bank's ability to extend sufficient credit created a favorable environment

for the growth and popularity of alternative lending platforms.

The limitations of the traditional banking systems have led to the emergence of alternative finance,
and their importance is ever increasing. Alternative finance significantly expands the capacity of
overall financial system and is beneficial for both the developed and developing economies (Allen
& Qian, 2024) and after the global financial crisis, these non-conventional financing systems have

prospered in the US, the UK and continental Europe (Zhang et al, 2016).

While many small and medium-sized enterprises (SMEs) may face lengthy approval processes and
collateral requirements to borrow from a traditional bank, alternative finance offers quicker and
easier-to-access funds. Online financial services have enhanced financial inclusion and made it

easier to access capital by businesses. (Elliott, 2025).

The alternative financing market has now evolved further and has adopted digital technologies to
offer its services. Online platform based alternative financing activities such as peer-to-peer
consumer and business lending, equity, reward or donation-based crowd funding, invoice trading
and the like have become more popular. Technology-based, innovative and decentralized financial
solutions provide credit to the consumers and businesses and even supply capital to the startups in

their early stages (Zhang et al, 2016). With rapid development of internet and massive adoption of
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smartphone technology, FinTech has emerged as an enabler that makes it easy to access the

alternative financing solutions.

Financial Technology, aka FinTech, is the application of software and platforms which assist
individuals and companies to handle financial services more easily and efficiently. It encompasses
mobile applications, online applications and software, which enable the user to make payments,
borrow money or even invest without visiting a bank. Fintech refers to the applications and
technologies that help people to manage their finances online (Flinders & Smalley, 2024). Fintech
is also defined as technology, which is applied to provide financial services like banking, lending,
and investing (Trificana, 2025). The Financial Stability Board [FSB], (n.d.) defines FinTech as
“technologically enabled innovation in financial services that could result in new business models,
applications, processes, or products with an associated material effect on financial markets and

institutions and the provision of financial services.”

However, alternative finance and fintech are not synonymous. The main difference is that while
fintech focuses on technology in financial services, alternative finance focuses on funding channels
outside of traditional banking system (CCAF, n.d.). Alternative finance does not always depend
on sophisticated technology and traditional forms such as trade credit and informal lending can
operate without digital systems. Fintech, by contrast, is based entirely on the use of technology to
deliver financial services. Nevertheless, many alternative finance models now rely on fintech
platforms to operate more efficiently, reach a larger number of users, and facilitate transactions
between borrowers and investors. Peer-to-peer lending, for instance, falls under alternative finance
since it offers funding outside of banks; and fintech refers to the digital platform that connects
lenders and borrowers. In other words, alternative finance is a financial category, and fintech
serves as an enabler (Bank of International Settlements [BIS], 2018). This distinction is crucial for
our study as we have considered annual non-bank consumer credit as our proxy for measuring the
overall alternative lending, which also includes FinTech activity and is our primary independent

variable.

Based on the data from Statistics Denmark (StatBank Denmark), we find that the aggregate
consumer credit was DKK 115,373 million in 2018 which remained relatively similar until 2023
and then fell slightly to DKK 112,674 million in 2024. The share of consumer lending is relatively
low in Denmark with average consumer credit to GDP ratio of 4.48% from 2018-2024. This



indicates that the household lending constitutes a small to moderate size of the broader Danish

economy.

Furthermore, banks still remain the dominant provider of consumer credit in Denmark. Out of the
total consumer lending from 2018-2024, an average of 85.73% originated from banks whereas
non-bank consumer credit accounted for an average of 14.27% only during that period. This clearly
represents that banks dominate the consumer credit market and alternative lending, including
FinTech activity, is still in its growing stage. This helps explain why growth in alternative lending

doesn't appear to significantly impact the incumbent bank's broader profitability.

FIGURE 1: ANNUAL CONSUMER CREDIT LENDING VOLUME

120000 100.00%
90.00%
[ S, P =
100000 80.00%
(=]
5 80000 70.00% £
= 60.00% 5
E 60000 50.00% 3
i 40.00% 2
= 40000 s0.00% 3
20000 20.00%
10.00%
0 0.00%
2018 2019 2020 2021 2022 2023 2024
Year

mmmm Consumer Credit (Bank) = Non-bank consumer credit

-=@==PBank's Share =@==Non-bank's share

Source: Author's calculations using the data obtained from Statistics Denmark.

Despite limited presence, the growing popularity of FinTech-enabled alternative financing
mechanisms has impacted the traditional banking system. The technology-based challengers are
faster, more efficient and cheaper for the customers. One of the reasons alternative finances,
including FinTech, have become mainstream is their cost effectiveness to the customers. Philippon
(2015) identified that the cost of financial intermediation hasn't changed in the US for over a
century despite huge technological progression. Another important contribution by the non-
conventional financing solutions is their efficiency in terms of faster loan processing procedures.
Fintech companies and other lending platforms are often more streamlined compared with
traditional banks, which may have more complex hierarchical processes and documentation needs.

As a result, loan approval and disbursement processes in fintech-based financing can often be
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completed within hours or days, whereas traditional banking procedures may require significantly
longer processing times. This has created competitive pressure for the incumbent banks because
customers are generally inclined to approach FinTech-enabled alternative lenders to finance their
needs. Apart from that, the fintech-enabled lenders can offer significantly lower prices to the
customers. This competitive environment forces banks to lower their prices, which ultimately
creates pressure on their interest margins. Since a significant proportion of the incumbent bank's
profitability is dependent upon the interest income, the alternative and fintech lending competition

may erode their interest margin.

Conversely, there are also studies that show a positive effect, pointing out that competition from
fintech firms pushes banks to optimize their processes, improve their efficiency, adopt new
technologies and offer digital services, which could result in increased profitability in the long
term. For example, Naceur et al. (2023) investigated the association between fintech development
and bank profitability using the data from banks in 57 countries over the period 2011-2020 and
found that bank profitability was negatively related to the intensity of fintech competition. This is

because of increased costs and reduced revenue owing to the competitive environment.

Dasilas and Karanovic (2022) found that the fintech competition can also create opportunities for
incumbent banks to improve their pricing efficiency and increase the return from their income
generating assets. The study by Nguyen (2025) shows that fintech competition pushes banks to
improve their operational efficiency, risk management techniques, and enhance their capability of

providing digital financial services.

As a response to the competition, the incumbent banks themselves innovate through investment in
technology, or adapt through collaboration with the alternative fintech lender. Both methods are
found to have a positive impact on the incumbent’s overall profitability. When the banks innovate
or collaborate with the technological competitor, they become able to optimize their processes,
achieve cost efficiency and able to increase overall profitability. For instance, Citterio et al. (2024)
reported that the digitalization of banks is positively associated with the profitability of European
banks. In the same manner, He et al. (2026) reported that fintech development significantly and
positively affects banks’ Return on Assets (ROA), solvency, and credit quality. These findings
suggest that digital transformation and fintech development can strengthen both the profitability

and financial stability of banks.



The incumbent banks are highly resilient and are able to withstand shocks particularly due to
stringent regulations concerning capital adequacy and assets quality among others (Elderson,
2025), and while they have endured several banking and financial crises in the past (Taskinsoy,
2022), it is interesting to examine how incumbent banks are affected by the digital disruption. This
study, therefore, investigates how existing banks are impacted by the digital competitors in the

context of Denmark.

The significance of this study is that it attempts to fill a gap where existing literature usually focus
on either the American banks, overall European banks or various Asian banks. The existing studies
usually have a large sample size and have a wide geographical focus. To the best of our knowledge,
we were unable to find a study that has its focus entirely on the Danish banking sector. Most
importantly, Denmark, being a highly digitalized economy, offers a unique landscape of financial
system. In Denmark, there are large "too big to fail" banks and there are also particularly niche
banks. The large banks themselves are involved in funding or supporting the alternative lending
and fintech ecosystem. For example, Danske bank, leading Danish bank, founded Mobile Pay, a
digital payment solution in 2013 and several other banks are partners in the Copenhagen Fintech,

a platform for supporting the establishment and growth of FinTech.

Thus, our study aims to fill this study void by analyzing how overall volume of alternative finance
that includes the FinTech lending as well has an impact on the profitability of Danish banks. We
utilize a panel dataset comprising of annual data of 40 Danish banks for the period covering 15
years from 2010-2024. Our study further examines how the impact is distributed across banks of
different groups based on the official grouping according to their working capital. The study
further investigates how alternative lending, including fintech, impacts incumbent banks based on

their certain characteristics, namely growth in bank size, capitalization and efficiency.

We start our study by hypothesizing that while the competition compresses the traditional source
of income, i.e. interest income of the banks, the competition is actually beneficial for the banking
system in terms of overall profitability as the competition induces incumbent banks to actively
invest in innovation, collaboration and the like in order to increase efficiency, reduce costs and
enhance customer satisfaction. We measured the incumbent bank's profitability using return on
average assets, return on average equity and net interest margin and we proxied alternative lending,

including FinTech using annual non-bank consumer credit data obtained from the Statistics



Denmark. We used several bank-specific and macroeconomic factors to control profitability based
on the existing literature on the determinants of bank profitability. Further, we expanded our study
in order to find out how different banks react to the competition induced by alternative lending,
including FinTech activity. The findings of our study suggest that the competition has a borderline
significant positive relationship with the incumbent bank's return on average assets whereas the
relationship of the competition with return on average equity is still positive but is statistically
insignificant. As expected, the competition is found to create downward pressure on the incumbent
bank's interest margin as suggested by the statistically negative relationship of alternative lending

with the Net Interest Margin.

Our study further investigates the impact of alternative lending, including FinTech, on different
groups of banks based on the size of their working capital. Doing so, our study finds that
profitability of banks is differently impacted according to the bank's level of working capital. The
results suggest that the competition positively affects the profitability of larger banks, whereas the
impact becomes negative in case of smaller banks. Moreover, the impact is found to be more
pronounced in terms of the interest margin, while broader performance measures such as ROAA
is found to be positively impacted or unaffected at all. In case of shareholders' return, the findings
are mixed across groups of banks and more importantly, they aren't statistically supported. Overall
findings suggest that the increased level of competition forces incumbent banks to innovate and
increase efficiency, which helps them to increase overall profitability despite facing some pressure

in traditional income sources, i.e. interest income.

The remainder of the paper is organized as follows. Chapter II presents the existing literature
review which is followed by identifying the research gap and formulating hypothesis for the study.
Chapter III highlights sources of data used, and methodology adopted in this study, Chapter IV
presents empirical results, and robustness tests while Chapter V ends the paper with discussions,

conclusions and recommendations for further research.



CHAPTER II

2. Literature Review

In a market economy, profitability is one of the key performance indicators for firms, including
banks. The high level of profitability in banks reflects good management practices, balanced risk-
taking, and a viable business model, along with a favorable macroeconomic environment (Buch,
2024). This suggests that banks' profitability is an intricate interplay between bank-specific
(internal) factors and general environmental factors. Accordingly, several studies have examined

the various factors that determine the profitability of banks.

2.1.Determinants of Bank Profitability

One of the earliest studies examining the factors that determine profitability in banks is Bourke
(1989). The study reviewed the performance of 90 banks across 12 countries and territories in
Europe, North America, and Australia using the data from 1972 and 1981. Bourke finds that bank-
specific (internal factors) such as liquidity and capital adequacy have positive impact on bank's
profitability measured in relation to its assets. On the other hand, staff expenses, another internal
measure, are found to have a negative correlation with pre-tax return on profit. Similarly, external
factors, especially interest rate & concentration, are found to have a positive impact on bank's

profitability.

Building on the Bourke (1989), a 1992 study by Molyneux and Thornton examines the
determinants of bank profitability across banks in 18 European countries from 1986 and 1989. The
results showed a positive impact of exogenous factors, especially nominal interest, concentration
and government ownership on the return on equity and return on assets. The return on assets is
also found to be positively impacted by capital ratios, a significant endogenous factor. However,
in contrast to Bourke (1989), this study reported a significantly positive relationship between staff
expenses and before-tax return on assets, attributing this result to the presence of expense

preference behavior in the European Banking sector.

In another study by Goddard et al., (2004) which examined the determinants of European banks'
profitability using data of 665 banks in six European nations (Denmark, Germany, France, Italy,
Spain and the UK) from 1992-1998 found that profitability is positively and significantly affected
by the capital adequacy ratio which measures the risks undertaken by the bank. The study also

8



concluded with little evidence of ownership's impact on the profitability of the banking sector.
However, the study found a weak or non-existent impact of size on the bank's profitability whereas
Athanasoglou et al., (2006) argues that the relationship between bank's size and profitability is
positive and statistically significant because of the economies of scale. The study also found
negative relation between Loan loss provision, and operating expenses to profitability whereas it
conforms to existing literature by finding a positive relationship between capital adequacy,
concentration and bank profitability. The study, however, also finds an insignificant but positive

relationship between liquidity risk and profitability.

Similarly, in the 2008 study of 23 Greek commercial banks using data from 1990-2002 by
Kosmidou found that the bank's return on average assets is positively affected by capital adequacy
(Equity/Assets) but is negatively affected by asset quality (measured by loan loss provision over
gross loans) and poor expense management (Higher Cost-to-Income ratio). The study also reveals
that GDP growth has a significant positive impact on profitability of the banks whereas inflation
has a negative effect. The study also conforms with earlier literature that bank profitability is a

function of both bank-specific characteristics and the environmental factors where it operates.

More recent studies on the European context have found similar relationships. Wanzenried and
Dietrich (2011) analyzed the profitability of 372 commercial banks in Switzerland over the period
from 1999-2009 and they further segregated the timeframe as pre-crisis (1999-2006) and the crisis
years (2007-2009) to further gain insights into how banks' profitability is determined during the
period of financially distressed situation. The study revealed that cost-to-income ratio, a measure
of efficiency, and funding costs have significantly negative impact on the bank's profitability
measured by return on average assets. The macroeconomic factors, especially taxation and
business cycle, are found to have a significant negative impact on the banks' profitability. The
findings above were irrespective of the situation. However, during the crisis period, mostly bank-
specific factors such as credit quality, deposit growth and bank size were negatively affecting

profitability, as the study reported.

A more recent study conducted by Petria, et. al. (2015) examined the determinants of bank
profitability through the evidence of EU27 over the period 2004-2011. The results of the study are
in line with the existing literature where internal characteristics such as cost-to-income ratio, credit

risk, and liquidity risk have a negative impact on the banks' profitability. Among the external



characteristics, GDP growth is found to positively affect performance whereas inflation is found
to have no significant impact at all. However, in contrast to Bourke (1989) this study revealed a

negative impact of concentration on the EU27 banking system.

Taken together, the above studies show that both bank-specific characteristics and macroeconomic
conditions play an important role in determining profitability. However, the role of concentration
as a variable for market structure remains less conclusive. While some studies (Bourke, 1989,
Molyneux and Thornton, 1992) document a positive relationship between concentration and
profitability, others (Petria, et al. 2015) report a negative effect. These mixed findings suggest that
the competitive environment in which banks operate may influence profitability in a more complex

manner than assumed initially.

2.2.Theories related to bank profitability
2.2.1. Competition and Market Structure
The relationship between market structure and firm performance has long been debated and in the

context of banking, how competition may influence profitability is explained by two dominant
theoretical perspectives, and one of which is the Structure—Conduct-Performance (SCP)

hypothesis.

The SCP hypothesis postulates that the market structure induces the conduct or behavior of firms
through decisions in terms of pricing and investments, which leads to a favorable performance.
The SCP hypothesis posits that in a highly concentrated market banks can set prices in such a way
that it is more favorable to them, for example by charging higher interest rates on lending but
providing relatively lower interest rates on deposits, and earn supernormal profits (Mirzaei,

et.al.,2013).

Empirical evidence on the SCP hypothesis remains mixed. Mirzaei, et. al. (2013) establishes that
greater market power leads to higher bank profitability in advanced economies. However, the study
finds no significant effect of market concentration on the profitability of banks in developed
countries. In the context of banks in the European Union, a 2017 study by Gavurova et. al. found
a negative relationship between market concentration (measured using CR5 and HHI) and banking
profitability. On the other hand, Khan et. al. (2018) studied the SCP hypothesis by analyzing
whether the market structure affects banks' conduct or behavior and whether the changes in

conduct have a significant impact on their performance using the bank level data of five member
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countries of ASEAN. The study revealed that a higher market concentration has a less competitive

conduct among banks and in a less competitive market banks earn higher profits.

These studies shed light on how profitability of the banking system responds to the level of
competition in the market. While the existing studies lack conclusive evidence of the relationship
between competition and bank profitability, it is understood that the firms can derive competitive
advantage through the way they respond to the structure of the industry they operate in (Ralston
et.al., 2015). This understanding of the role of competition is particularly relevant in the banking
industry where technical innovation has already started to disrupt the traditional market dynamics

within the banking industry.

2.2.2. Efficiency Theory
According to the efficiency theory, banks can generate greater profits if they are more efficient

than other banks. Berger & Mester (1997) suggested that the measurable inefficiencies of banks
had a significant effect on financial performance and profitability. The efficiency in the banking
industry is associated with reduced operating costs, management quality, allocation of resources
and technological improvements. Based on this theory, successful banks which have enhanced
their operational efficiency will have increased profitability, measured by ROAA, ROAE, and
NIM. The theory is very applicable in the context of our study since the growth of FinTech and
alternative finance in Denmark could contribute to the efficiency of the banking sector through
digital banking services, automation, online lending and reduced transaction costs for banks. The
recent financial technologies are expected to decrease the operating cost, enhance the quality of
services provided, and boost profitability for Danish banks that manage to successfully adapt to

these technologies.

2.2.3. Competition-Fragility Theory
The competition—fragility theory indicates that increased competition in the banking system could

lead to less bank profitability and more financial fragility (Keeley, 1990). This theory suggests that
banks’ profit margins and market power are diminished with increased competition, potentially
leading to increased risk taking as banks try to stay profitable. The expansion of FinTech
companies, and the rise of alternative finance, in Denmark could be a threat to traditional banks in
more ways than one, as they are able to provide financial services that are faster, cheaper and more

easily accessible. This can lead to decline in number of customers and profits for traditional banks.
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2.2.4. Innovation Theory
Schumpeter (1934), through the introduction of the idea of creative destruction, propounded that

the key to economic growth and competitive advantage lies in technological innovation. The
innovation theory explains that technological innovation plays an important role in improving
performance and competitiveness of firms including banks. The notion states that banks that
implement new technology can enhance the quality of service, attract more customers, increase
the competition and gain a higher level of profitability. The theory is relevant to our study, as the
Danish banking system has undergone a major digital revolution in recent years following the
emergence of FinTech enabled alternative financing. Financial institutions that invest in FinTech
innovation and digital financial services may enhance operational efficiency and increase

profitability.

2.3.Emergence of FinTech
After the Global Financial Crisis of 2008, trust in traditional banking systems deteriorated.

Simultaneously the existing banks faced rising costs due to over regulation and their profitability
and competitiveness decreased. On the other hand, the crisis led to the reallocation of large number
of skilled and technical workers which created a supportive environment for the development of
FinTech 3.0 as experienced in recent times (Arner et. al., 2017). Another important motivation for
the emergence of FinTech and its popularity to this extent is the cost rigidity in traditional banking
system. Research shows that the cost for financial intermediation in the US was 200 basis points
and hasn't changed for over a century while there has been huge technological progression in

computer and communication technologies (Philippon, 2015).

In recent years, FinTech firms have expanded rapidly. Especially after the year 2000 the
penetration of smartphones has increased, and mobile internet became more popular which
changed customer expectations making them want faster and more accessible financial services
and the emergence of financial technology firms has introduced new forms of competition into the
banking sector. The way FinTech is disrupting the financial landscape is by expanding the array
of services it provides, and by making the financial sector more inclusive and efficient. Unlike
traditional banks, FinTech firms often operate with lower overhead costs which they can pass on
to their customers through loyalty points or lower prices or lower fees on transactions. Another
important feature of FinTech is that these firms provide digital platforms, and specialized service

models which make the services easily accessible and financially engaging to the user thereby also
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fostering financial literacy. These firms constantly innovate and provide a wide array of services
that allow them to compete in a multitude of segments such as payments, lending, and wealth
management. (Stripe, 2024). As a result, competition in the banking industry is no longer confined
to rivalry among banks but it extends to technologically driven non-bank entrants. Consequently,
the relationship between market structure and bank profitability may have evolved in the digital

cra.

2.4.Evolution of FinTech in the World

Although currently, FinTech is receiving increased academic and industry attention, the
relationship between technology and finance has existed for more than a century. The emergence
of new technology has gradually altered finance's operation through increasing the pace of
transactions, making them more functional and easier to access. Financial services have been
transformed over time into highly digitalized services that enable consumers and businesses to use
online platforms and mobile applications to access financial services, unlike the traditional face-
to-face banking systems. The historical development of fintech is valuable for understanding the
process of the fintech firms becoming significant actors in the contemporary financial sector and

the way it has affected the competition with traditional banks.

2.4.1. Early Technological Foundations (FinTech 1.0)
The first phase of the fintech evolution could be dated to the end of the nineteenth century when

communication technologies started aiding financial operations. Among the greatest technological
advances made in this time was the laying of the transatlantic telegraph cable in 1866. This
invention enabled the transfer of financial information in a fast manner between Europe and North
America, making such international financial transactions much easier. Consequently, financial
markets became more interdependent, and trade was now expanded across the globe as the

financial institutions could now communicate better. (Arner et al., 2015)

At this time, technology was mostly used as a way to communicate, and not as a means to directly
provide financial services. Banks and other financial organizations slowly started using
technologies like telephones, early computers, and electronic data processing tools to help them
run their businesses. These technologies enabled banks and other financial organizations to handle

a lot of financial data and speed up the processing of transactions. According to (Arner et al., 2015)
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this time period marks the beginning of fintech development, when technology helped banks and

other financial organizations instead of changing the way they do business.

2.4.2. Digitalization of Financial Services (FinTech 2.0)
Once ATMs were put in place banks began to employ more digital means to make their business

more efficient and to make banking easier for their customers. Credit cards, debit cards, computer-
based trading systems and electronic payment systems were more widely used in financial markets.
In 1973, the Society for Worldwide Interbank Financial Telecommunication (SWIFT) was
established, which brought about a worldwide message network that made international financial

transactions even more secure and speedy (Kou et al., 2024).

One other major technological advancement of this era was the development of Internet banking
during the 1990s. With the increased number of personal computer users who also used the
internet, banks began to provide online banking services which offered clients a chance to view
their accounts, transfer money and pay bills electronically. Although these new technologies
ensured that financial services improved greatly, most of the financial sector was composed of

technologically improved traditional banks (Kou et al., 2024).

2.4.3. The Rise of FinTech Startups (FinTech 3.0)
The 2008 global economic crisis was the turning point in the history of fintech. The crisis had a

major impact in making people doubt the effectiveness of the traditional financial institutions and
revealed a number of inefficiencies of the traditional banking system. Meanwhile, the intensive
technological development of innovations such as smartphones, cloud computing, big data
analytics, and artificial intelligence ensured the appearance of new possibilities in the financial

services sphere.

Digital financial services such as mobile payments, peer-to-peer lending, crowdfunding, digital
investment platforms and robo-advisors have thrived among fintech startups. They offered
financial products at times quicker, more convenient and at times lower cost than traditional banks,
by using technology. This puts them in direct competition with payments, lending and investment

services (Thakor, 2020).

Fintech also had another advantage with the increased usage of smartphone, various applications

and mobile Internet usage. The innovativeness of fintech in this period has completely changed
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the financial landscape, by introducing new players and forcing the incumbent banks to embrace

digital transformation programs (Thakor, 2020).

2.4.4. Recent Developments (FinTech 4.0)
In recent years, Fintech has moved beyond its early stages into the era of the integration of new

and sophisticated technologies such as Al, blockchain, big data analytics, and open financial
systems. These technologies let banks and other financial institutions look at a lot of financial data,

better manage risk, and offer individualized financial services to their consumers.

Open banking is one of the biggest innovations in the fintech space today. Through application
programming interfaces (APIs), consumers can now share their financial data with third-party
fintech companies. This opens the door for fintech firms to develop new products and services that
seamlessly integrate with the existing banking infrastructure. Now, the financial system is more
interlinked and dependent on digital tools than it has been in the past. Fintech firms and legacy
banks are now collaborating and competing in the same digital landscape, offering a broader scope

of financial services to consumers and organizations (CCAF, 2021).

2.5.FinTech Development in Europe

Europe is among the leading regions in fintech development. This expansion has been encouraged
by solid legislation, increased adoption of digital financial services, open banking and growing
investment in alternative finance platforms. One of the main reasons for this progress was the
introduction of the Second Payment Services Directive. The European Union implemented PSD2
to improve competitiveness in the financial sector. It also permitted licensed third-party providers
to access client financial data with the customer’s consent. This provided new chances for fintech
startups to offer innovative goods and services. PSD2 and other EU digital finance initiatives have

contributed to speeding up the digital transformation of the European banking sector.
1960s—1980s: Automated Banking and Early Financial Technology

In the early days of banking technology, computers and electronic infrastructure were essential
throughout Europe. Banks used these tools to automate their work. As part of this, they had to
process transactions, keep customer accounts up-to-date and run payment systems. These changes
increased productivity and lowered the need for work that had to be done by hand. In doing so,
they paved the way for the development of digital banking and other modern fintech services. In

1967, one of the first inventions was the introduction of the automated teller machine (ATM) by
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Barclays Bank in the United Kingdom, enabling a client to obtain cash without necessarily going
to a bank branch. Financial institutions steadily embraced electronic payment infrastructure and
computer-based transaction processing in the next several decades to enhance efficiency and

reliability of financial services. (Arner et al., 2017)
1990s—2007: Internet Banking Growth

The internet experienced explosive growth in the 1990s and early 2000s, which resulted in the
transformation of European financial services significantly. Banks began to offer online banking
services in order to enable access to distant accounts, money transfer, and various other financial
transactions. Besides making banking more convenient for their customers, Internet banking has
rendered financial institutions more efficient. As early digital banks such as Egg Bank in the UK
demonstrated, financial services might be offered primarily through the internet and not through

physical stores. (Thakor, 2020)
2008-2014: The Rise of Fintech Businesses

The global financial crisis of 2008 became a significant shift in the history of fintech in Europe.
The crisis decreased the confidence of the public in the traditional banking institutions and enacted
stricter financial regulations which curtailed the rapid innovation of the banks. Meanwhile, the
technological breakthrough, including smartphones and cloud computing, offered the chance to
new companies to offer financial services. Subsequently, fintech startups started to provide such
services as peer-to-peer lending, mobile payment options and international digital money transfer

(Philippon, 2016).
2015-2020: Open Banking and Regulatory Innovation

The European fintech ecosystem got significant expansion with the implementation of the Revised
Payment Services Directive (PSD2) across the entire European Union in 2018. Under the rule,
banks were required to provide authorized third-party providers with secure access to their
customers' financial data through application programming interfaces (APIs) on their customers'
consent. This law enabled open banking, allowing fintech companies to use the existing technology
at banks to create new financial applications and services. (European Commission, (2017),

Dyulgerov, (2026)).
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2020—present: The European Fintech Ecosystem's Growth

Fintech has become an important part of the European financial sector. Fintech firms are currently
working in different areas such as digital payments, lending platforms, wealth management
services and artificial intelligence-based financial analytics. Examples of companies that are
transforming financial services through fintech include Klarna, Adyen and Revolut, which provide
innovative digital solutions that rival the traditional banking services (International Monetary Fund

[IMF], 2020).

2.6.FinTech Development in Denmark

Denmark is currently ranked among the most modernized digital economies in Europe. Strong
digital infrastructure, favorable regulations, and growing investment in financial technology are
the reasons why the fintech ecosystem of the country is growing further. As an illustration, the
fintech industry in Denmark has been expanding at an impressive rate over the past couple of years,
with an employee base expanding by approximately 4,300 workers by the year 2022 compared to
approximately 700 in 2015. (Fintech Nordics, 2025)

Early Digitalization of the Banking Sector (2000-2012)

The development of fintech in Denmark is closely connected to the early digitalization of the
country's financial sector. Denmark has existed as one of the most digitalized nations in Europe
with high internet penetration and robust digital infrastructure. In the early 2000s, the Danish banks
were embracing the use of internet banking systems that enabled customers to view accounts,
transfer money and bill online. Technological innovations provided the digital base upon which
fintech innovation would build in the future. The well-developed digital infrastructure and
consumer digital literacy in Denmark have been critical success factors in favor of fintech

development in the country (Schultz et al., (2023)).

In 2010, NemID was launched as a nationwide digital identification system in Denmark (The
International, 2022). It allowed individuals to identify themselves securely when accessing online
banking and public services. This was an eagerly awaited development in the digitalization of the
financial services industry and of the government. NemID also increased the trust in online
banking because it enabled a secure and reliable way of identification and facilitated citizens to
use the digital services offered. The system was widely used by banks and public institutions, to a

large extent contributing to the growth of online financial services and the development of digital
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innovation in the Danish financial sector. (The International, 2022). The use of digital identity
solutions made it possible to establish a situation where fintech companies could subsequently

come up with financial technologies that are both safe and inventive.

The Dankort is another significant component of the Danish digital payment infrastructure; it is a
national debit card that was introduced earlier but that was broadly used during the digital banking
proliferation. Dankort was embraced by most Danish consumers as an alternative payment tool,

and it facilitated e-payment as opposed to cash payments. (Danmarks Nationalbank, n.d.)
Mobile Payment Innovation — MobilePay (2013)

MobilePay was another significant Danish fintech innovation which was started by Danske Bank
in 2013. The application enables its user to send money instantly through smartphone. The mobile
application allows users to transfer money to friends, shop in stores, and make online transactions
using the mobile application. The Danish consumers quickly became interested in MobilePay. As
of 2022, the app had over 4.4 million users in Denmark which is approximately 75 percent of the
Danish population. The service has become popular in peer-to-peer payment, online shopping as

well as retail transactions. (Young, 2025).

An example of the application of MobilePay can be seen with small Danish business and street
market, in which customers are likely to pay with a MobilePay number or QR code rather than
with cash. This illustrates the fact that fintech innovations have reshaped the normal financial

operations in Denmark.
Growth of Fintech Ecosystem and Regulatory Facilitation (2016-2019)

Since 2016, the Danish fintech ecosystem grew tremendously. Among the major developments of
this time was the creation of the Copenhagen Fintech in 2016, an innovation hub established to co-
innovate among financial institutions, governmental bodies and universities. Copenhagen Fintech
intends to aid fintech start-ups as well as facilitating the collaboration of technology companies

with the conventional financial system. (Copenhagen Fintech, n.d.)

The changes in the regulation at the European level were also significant factors that promoted the
development of fintech. The introduction of Directive (PSD2) introduced open banking
regulations, which mandated banks to provide access to financial information of customers with

the consent of a third-party provider. This regulation facilitated the development of new financial
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products by fintech companies such as account aggregation apps, online budget and alternative
payment services (Schultz et al., 2023). Such regulatory and technological developments led to the
rapid growth of fintech startups in Denmark. To illustrate, the population of fintech startups grew
between 70 in 2015 and 280 in 2021, which proves the rapid development of the fintech industry

in the nation.

Some of the successful fintech firms during this time came up. Indicatively, one is Lunar, a digital
challenger bank established in Aarhus in 2015. Lunar is a mobile-only banking platform that offers
payment service, loans, investment services and financial management applications that can be

accessed directly through smartphone apps. (Fintech Nordics, 2025)

Pleo was another significant Danish fintech company and was established in 2015 in Copenhagen.
Pleo is a company payment card and expense-management software that enables businesses to see
how money is spent in real-time by employees. Pleo became one of the fintech unicorns in

Denmark, proving the success of the Danish fintech innovation globally. (Kendall, 2023)
Fintech Maturity and Digital Financial Integration (2020—Present)

Since 2020 the Danish fintech sector has entered a more mature phase with greater collaboration
between fintech and the traditional banks. Instead of competing head-on, most fintech businesses
today offer technology-based services to supplement banking operations, such as online payment

systems, cost management software, and automatic financial reporting systems.

Other significant events that occurred at this time include the substitution of NemID with MitID
in 2021, a new national digital identification system that enhances security and facilitates the
delivery of digital services in the future. MitID is currently employed in authentication both on the

open and closed digital platforms such as bank and financial services (The International, 2022).

2.7.Empirical Evidence on FinTech and Bank Performance

The impact of fintech firms, especially peer-to-peer lending, on bank profitability depends on
whether the banks and these lending platforms behave as a complement or substitute for each other.
In many cases, a bank account is needed to use fintech products/services thereby making it difficult
for such fintech firms to operate on their own by bypassing traditional banking channels. Roure et
al. (2016) found that P2P lending platform substitute banking channels while serving high risk

borrowers who are primarily underserved by the traditional banking system because of high
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regulatory requirements faced by the banks. By doing so, these platforms charge higher interest
rates than the banks and keeping interest rates and risk differences same, the bank lending volumes
are negatively correlated to the P2P lending volumes. This shows that P2P platforms compete with

the incumbent banks in certain segments thereby exerting pressure on bank profitability.

Another similar study by Tang (2019) tested whether the P2P lending platforms acted as substitutes
or complements for incumbent banking by introducing regulatory change as an exogenous
disruption to the credit supply and observed that these platforms indeed behave as a substitute for
the banks, but in terms of serving infra-marginal borrowers. Yet this finding indicates that this
kind of lending complements incumbent banks in terms of loans of small volume. Building on this
idea, Thakor (2019) elaborates that when banks are faced with high competition, they usually earn
lower margins and to compensate for the loss of revenue they might start advancing poor quality

credits resulting in reduced profitability and weak financial stability.

There have been several studies exploring the intricate relationship between fintech competition
and banking sector performance showing mixed results. A 2023 study conducted by Naceur, et al.
comprising financial institutions from 57 countries including several European nations from the
period of 2012-2020 revealed that the fintech competition measured by country level FinTech
transactions have a negative impact on the incumbent bank's Return on Assets, Return on Equity
and Net Interest Margin. However, Dasilas & Karanovic (2022) studied the impact of Fintech firms
on the profitability of UK banks using the data from 2010-2019 and observed a positive impact of
the fintech firms on the bank's profitability. The study points out that for each new FinTech firm,
the Net Interest Margin and Yield on Earning Assets of the UK Banks increase for their sample

means.

The 2023 study by Naceur et al. shared important insights on how different kinds of banks
experience impact of varying sign and intensity due to FinTech competition, especially those posed
by P2P Lending and Balance Sheet Lending firms. The cooperative banks are found to suffer a
significant negative impact from both P2P lending and balance sheet lending primarily because
these banks are smaller in terms of total assets and have a narrower geographical reach and often
these banks don't possess the financial and technological capability to compete against

technologically driven entrants.
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The result, however, is interesting in the case of commercial banks which are larger and have huge
geographical coverage in addition to more diversified product offerings than their cooperative
counterparts and the study points out that overall fintech competition has an insignificant impact
on their profitability and in the case of P2P lending, the study emphasizes that there is a positive
impact on the commercial banks' Non-Interest Income to Average Assets recommending a
collaboration between these two to harness mutual benefits. On the other hand, the balance sheet
lending technological firms is found to have a significant negative impact on the Net Interest
Margins of commercial banks even though the intensity is less than that on cooperative banks.
These findings suggest that the competitive effects of FinTech are not uniform across banks, but

they vary on bank-specific factors such as bank size and business models.

The development of FinTech has spanned across continents and the evidence from Asian
economies provides additional insights into how banks and FinTech interact under different
institutional, technological and demographical conditions. Using the number of fintech companies
as a proxy for FinTech, the 2023 study by Li et al. finds a U-shaped relationship between FinTech
and profitability of Chinese commercial banks from 2010-2021. The paper argues that the FinTech
companies begin as competitors to the incumbent banks and degrade the latter's market share but
gradually, the knowledge spillover effect takes place, and these technological entrants start
positively affecting the incumbent banks profitability in the long run. These findings suggest that
the impact of FinTech is not straightforward and the impact lessens once the incumbent banks
adopt FinTech themselves. The study also found that bank concentration has a negative moderate
impact on profitability, suggesting competition among banks is crucial for lessening the
competitive impact of technological entrants, signifying the importance of market structure in

shaping how banks react to FinTech competition.

In a recent study by Nguyen (2025), the profitability and stability of banking sector in Vietnam
was found to be positively and significantly impacted by the number of FinTech firms and the
Google Trend Index for the word "FinTech". This study establishes how public attention,
innovation sentiment and the presence of FinTech affects banking sector, but this study may not

fully reflect annual FinTech activity or transaction volume.

While much of the literature focuses on the competitive impact of FinTech on banks, an emerging

body of research highlights that banks themselves are increasingly adopting FinTech solutions and
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as a result, banks are experiencing enhanced efficiency, profitability, and customer engagement.
Banks across Europe are constantly transforming themselves to resemble FinTech to meet
consumer expectations and compete with the digital-native platforms (Norriq, n.d.). Such adoption
allows banks to enhance operational efficiency, diversify revenue streams and better engage with
digital-savvy customers. For instance, Citterio et al. (2024) developed a novel Digitalization index
for EU-27 banks and analyzed its impact on bank profitability. The results showed that
digitalization has a positive impact on the profitability of European banks which has stronger

implication in the market challenged by digital competitors.

Using the number of FinTech patents filed by Chinese banks, the 2026 study by He et al. finds that
fintech development has a significant positive impact on the bank's ROA, solvency and credit
quality, however, at the expense of liquidity. The findings highlight that through fintech adoption
banks can streamline their internal processes, simplify operations and transactions. Banks can also
innovate and offer newer products attracting new customers and increasing revenue while
simultaneously being able to screen customers rigorously in terms of creditworthiness to improve

assets' quality. Overall, fintech adoption is associated with improving efficiency and profitability.

2.8.Research Gap

Despite a growing number of studies on alternative lending, including FinTech and bank
profitability, several gaps still exist. Empirical studies show mixed results. While some studies
report negative effects of FinTech on banks due to competition (Roure et al., 2016; Naceur et al.,
2023), others find positive effects when banks collaborate with or adopt FinTech solutions
themselves (Dasilas & Karanovic, 2022; He et al., 2026). This inconsistency indicates that the
relationship between fintech-enabled alternative lending and bank profitability is still not fully

understood.

Furthermore, existing studies often rely on narrow proxies such as lending platforms or patents,
fewer studies investigate the impact of broader non-bank consumer lending activities, as such less
attention has been given to understanding how these broader activities affect bank performance.
This leaves a gap in understanding how aggregate credit expansion affects traditional bank

performance.

In addition, existing literature has focused on studying the impact of FinTech on the profitability

of banks through a large sample size particularly of several European nations and a group of
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countries spanning across continents. There have also been studies based on a similar subject using
the data of banks in Asian countries. We have identified that there have been few studies
concerning the impact of Fintech activities on the profitability of Danish banks. Given the specific
structure of the Danish banking sector and its exposure to financial innovation, this represents an

important empirical gap.

To address these issues, this study examines the impact of non-bank consumer credit, including
FinTech-driven lending, on bank profitability in Denmark. By focusing on Danish banks and
accounting for bank-specific characteristics as well as macroeconomic conditions, the study
provides evidence on how competitive pressure from alternative lending markets affects traditional
banks. In addition, the analysis explores heterogeneity across bank groups, offering further insight
into how different types of banks are affected by FinTech development. Addressing these gaps,
this study uses non-bank consumer credits as a proxy of alternative lending, including FinTech to
analyze their impact on bank profitability of Danish banks while controlling for both bank-specific

characteristics and macroeconomic conditions.

2.9.Hypothesis Formulation
The development of FinTech, especially after the FinTech 3.0 period, is remarkable. The growth

in volume of investment in such technologies across the world has enabled them to disrupt the
financial market. FinTech has changed the way financial institutions interact with their customers,
and particularly in European markets, the disruption is visible through reduced transaction costs,
increased efficiency, and a greater transparency (Ramos Munoz et al., 2019). The incumbent banks
are likely to experience significant pressure from technological agile, high speed and disruptive
business models of fintech competitors (Naceur et al., 2023) and such distinction is notable in
profitability of banks. Alternative finance enhances competition as it introduces new non-bank
lenders, which has the potential to decrease the number of loans banks provide and reduce the
interest income of incumbent banks. Meanwhile, fintech intensifies this competition by making
financial services more accessible, quicker, and cheaper. World Bank demonstrates that fintech
and alternative finance have improved access to finance and increased finance competition

globally (World Bank, n.d.).

Existing literature suggests that these FinTech substitutes for the incumbent banks by targeting the

underserved, low-income and often neglected (due to stringent regulatory requirements) customer
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segments of incumbent banks (Roure et al. (2016), BCG Consulting Group, (2025)). With regards
to the stricter regulatory environment and in the period of regulatory changes such as disruption to
the credit supply, banks often limit their lending activities (Tang, 2019) which creates a supportive
environment for challengers to take over the market share of incumbent banks. On the one hand,
the increased competition reduces bank margins and on the other, banks usually respond by
sanctioning poor quality credits to make up for the lost revenue, further deteriorating income and

profitability (Thakor, 2019).

Due to this fact, alternative lending, including fintech competition, has two primary impacts on
the profitability of banks. Firstly, there is the revenue pressure, in which banks receive a lower
profit because of the increased competition in the lending and payment services. Fintech
companies and alternative finance providers tend to have lower interest rates, quicker loan
advances, and lower costs of transactions, compelling conventional banks to lower their own rates
to keep up. This may result in a reduction of net interest margins and the general lending revenues.
Moreover, there is also an impact on fee-based income, which can particularly concern payment
services, as digital solutions like MobilePay offer low-cost or free options. Empirical evidence
reveals that fintech development enhances competition and may decrease the profitability of banks
by squeezing margins and decreasing the amount of fees. (BIS, 2018). Likewise, the World Bank
Group (n.d.) points out that the fintech and alternative finance networks drive up competition in

the market and strain the traditional banking streams of revenues.

Second, there is cost pressure because the banks must invest heavily in digital transformation to
compete with fintech companies. This encompasses investments in IT infrastructure,
cybersecurity, mobile banking applications and data analytics. The legacy systems can be costly
because they are costly to upgrade and maintain, thereby increasing the expenses of traditional
banks. Fintechs, in turn, generally have more flexible and low-cost digital infrastructures. The
Financial Stability Board reported that technological innovation in financial services necessitates
heavy investment by the traditional institutions that may escalate the costs of operations and erode

the profitability. (Financial Stability Board [FSB], 2017)

This effect is even stronger in Denmark due to the high digital adoption. An illustration is the case
of MobilePay that has transformed the way individuals pay by providing quick and cheap

payments, which minimizes the amount of fees that are earned by banks. In addition, online banks
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like Lunar Bank offer easy and cheap services, which directly compete with traditional incumbent
banks. These two impacts, the decrease in revenues and the rise in costs, exert a lot of pressure on
the profitability of banks. This effect is even stronger in highly digitalized economies like Denmark
where fintech is already widely used, which means that the banks are constantly having to change

their business models and invest in the innovations to stay competitive.

Overall, we expect that alternative lending, including FinTech activity, affects the incumbent's
bank profitability by decreasing the incumbent banks' interest income. This is expected to
negatively impact on the incumbent bank's profitability, particularly measured as the net interest
margin. On the other hand, global evidence shows that these alternative lending channels attract
risky customers, thereby allowing incumbent banks to maintain a financially sound portfolio which
helps them reduce NPLs and increase overall profitability. Based on our conceptual understanding,
the emergence of alternative lending platforms and especially FinTech and the competitive
environment created by them leads banks to upgrade their existing technology, reduce costs and
increase their operating efficiency. Therefore, we expect that alternative lending will have a
positive impact on overall banking profitability, i.e. ROAA and ROAE and based on these, we

propose our primary hypothesis as follows:

Null Hypothesis (Hy): Alternative lending, including the FinTech activity in the lending segment,

does not affect the financial performance of incumbent banks.

Alternative Hypothesis (Hya): Increased alternative lending, including the FinTech activity in the

lending segment, is expected to decrease the net interest margin of incumbent banks.

Alternative Hypothesis (H b): Increased alternative lending, including the FinTech activity in the

lending segment, is expected to increase the Return on Average Assets of incumbent banks.

Alternative Hypothesis (H,c): Increased alternative lending, including the FinTech activity in the

lending segment, is expected to increase the Return on Average Equity of incumbent banks.
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CHAPTER 111

3. Data & Empirical Methodology

Our study uses panel data including forty Danish banks using the annual data from 2010-2024 (15
years). The data used in this study are of secondary nature and has been obtained from various
sources (As detailed in forthcoming section). Following the existing literature on determinants of
bank profitability, we have used Return on Average Assets, Return on Average Equity and Net
Interest Margin as the proxies for bank profitability, which are primary dependent variables used
in this study. We have used annual volume of non-bank consumer lending as the proxy for
alternative lending, including FinTech activity, while we have used bank size, capitalization ratio,
liquidity ratio, Non-performing loan, Cost-to-Income as bank-specific internal factors affecting

profitability and used annual Real GDP growth rate and annual inflation rate as external controls.

3.1.Model Specification

We have constructed our econometric approach based on the studies conducted by various scholars
on the determinants of bank profitability (Goddard et al., (2004), Athanasoglou et al., (2006),
Kosmidou (2008), Wanzenried and Dietrich (2011), Petria, et al. (2015)). The findings of these
studies explain that bank profitability is dependent upon various factors including both bank-
specific and macroeconomic factors. We have considered both internal and external factors as
control variables in our study and to empirically investigate the impact of alternative lending
(including FinTech) on the bank's performance, we follow Naceur et al. (2023) and use a linear

model given by:
Profitability;; = a + fFinTech, + Z VieXiie + Ui + &t
K

where:
e Profitability;, denotes the profitability ratios (ROAA, ROAE & NIM) for bank i at time
t,
e FinTech; measures the log of alternative lending including fintech activity at time t. For
conciseness, we use the term FinTech to denote log of alternative lending, including

FinTech activity, our primary independent variable, in the rest of the paper.
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e X;:1s avector of control variables, which controls for bank-specific factors log of bank size,
capitalization ratio, non-performing loans, cost-to-income ratio, liquidity ratio for bank i
at time t, and external factors real GDP growth rate and inflation rate at time t.
e u; captures unobserved bank-specific effects,
e &;;is the error term.
Based on the conceptual framework, our expectations for baseline specification would be as
follows:

. dProfitability,,
O dFinTech,

i.e., the FinTech lending activity doesn't have any impact on the incumbent's bank profitability.

ONIM,,
18" 9FinTech,

OROAA;,

Hyp: ———
0" 9FinTech,

OROAE;,

Hio =—=——>
1¢* 9FinTech,

i.e., the FinTech lending activity has impact on the incumbent's bank profitability.

Our analysis further extends to the examination of how the impact of alternative lending, including
FinTech, varies across different bank groups. Our study contains four different types of banks in
Denmark which are classified according to their working capital by the Danish Financial

Supervisory Authority.

The first group is Systematically Important Financial Institutions (SIFI), second group consists of
banks with working capital over DKK 15 billion, the third group consist of banks with working
capital over DKK 1 billion, while the fourth group consists of banks having working capital below
DKK 1 billion. Our sample consists of 7 banks from group one, 5 banks from group two, 22 banks

from group three and 6 banks from group four.

We expect that banks with lower levels of working capital are more adversely affected by FinTech
competition. This is because banks with lower working capital indicates tighter liquidity positions

and limited financial flexibility, which limits their ability to invest in digital technologies,
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innovate, or respond strategically to competitive pressures. The effect is more pronounced for
smaller banks as they usually focus on local customer bases, operate on a smaller scale and have
a limited range of financial products. This makes them particularly vulnerable to alternative

lending and FinTech entrants.

On the other hand, larger banks with higher working capital can easily absorb competitive shocks
and invest more in technological upgrades, which makes them in a better position to mitigate the
adverse effects of FinTech competition. This suggests that the level of working capital moderates

the impact of FinTech development and bank profitability.

This argument is consistent with Mazreku et al. (2020), who emphasize that effective working
capital management is linked to both liquidity and profitability and is crucial for banks. Higher
levels of working capital enhance banks’ ability to meet short-term obligations and support
ongoing operations, which in turn strengthens their ability to sustain in increasingly competitive

financial markets.

In this case, the specification is modified as below:

G
Profitability;, = a + z Bg(FinTech; x Groupg;) + z VieXkie + Ui + &i¢
g=1 K
where:

e Profitability;, denotes the profitability ratios (ROAA, ROAE & NIM) for bank i at time
t,

e FinTech; measures the log of alternative lending including fintech activity at time t. For
conciseness, we use the term FinTech to denote log of alternative lending, including
FinTech activity, our primary independent variable, in the rest of the paper.

e Xjisavector of control variables, which controls for bank-specific factors log of bank size,
capitalization ratio, non-performing loans, cost-to-income ratio, liquidity ratio for bank i
at time ¢, and external factors real GDP growth rate and inflation rate at time ¢.

e u; captures unobserved bank-specific effects,

e ¢&;;is the error term.

o By(FinTech; * Groupg;) is an interaction term,
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o  Gg;=dummy for group=1 for group one banks, 2 for group two banks, 3 for group 3 banks
and 4 for group 4 banks

We have further expanded our study by exploring how the effect of alternative lending differs
across bank-specific characteristics. We do this by extending the baseline specification by
including interaction terms between alternative lending and selected bank characteristics, namely
bank size difference, capitalization, and cost-to-income ratio. Our interaction terms use bank size
difference as the variable bank size is found to be stationary at level (See sections below). These
interaction terms allow us to test whether the relationship between alternative lending and bank

profitability is conditional on bank size, capital adequacy and operational efficiency.

Specifically, the interaction between alternative lending and size difference captures whether
banks with increase in size are affected differently compared to the banks with negative or smaller
growth in asset size. The interaction with capitalization examines whether well-capitalized banks
are better able to withstand competitive pressure from alternative lenders. Finally, the interaction
with cost-to-income ratio assesses whether the effect of alternative lending differs depending on

bank operational efficiency.
In this case, the specification would be as follows:
Model 1: Interaction between Fintech and Bank size difference

Profitability;; = a + fFinTech; + Z YeXk i + 61(FinTech, X ASize;) + p; + €
K
Model 2: Interaction between Fintech and Capitalization Ratio
Profitability;;
= a + pFinTech, + Z YeXk it + 61(FinTech, X Capitalization;) + pu; + &;
K

Model 3: Interaction between Fintech and Cost-to-Income Ratio

Profitability;;

= a + fFinTech; + Z YxXkit + 61(FinTech, X Cost — to — Incomey;) + ;
K

+ Eit
Where,
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e Profitability;; denotes the profitability ratios (ROAA, ROAE & NIM) for bank i at time
t,

e FinTech; measures the log of alternative lending including fintech activity at time t. For
conciseness, we use the term FinTech to denote log of alternative lending, including
FinTech activity, our primary independent variable, in the rest of the paper.

e X isavector of control variables, which controls for bank-specific factors log of bank size,
capitalization ratio, non-performing loans, cost-to-income ratio, liquidity ratio for bank i
at time t, and external factors real GDP growth rate and inflation rate at time ¢.

e u; captures unobserved bank-specific effects,

e ¢&;1s the error term.

o O1(FinTech; X ASize;;), §1(FinTech; X Capitalization;;) & §1(FinTech; X Cost —

to — Income;;) are the interaction terms

The marginal effect of alternative lending on profitability measures is as below:

Model dProfitability,, S1(ASi
ocety: dFinTech, B+ o1(4sizey)
Model dProfitability,, S1(Capitalizati
odel,: dFinTech, B + 61(Capitalization;;)
dProfitability,,
Models: 3FinTech, = B + 61(Cost — to — Income;;)

All calculations are performed in statistical software R.

3.2.Variables

The existing literature in the field uses varying proxies for measuring the level of FinTech and
bank performance. While majority of the studies analyze bank performance in terms of Return on
Assets and Return on Equity (Bourke (1989), Molyneux and Thornton (1992), Wanzenried and
Dietrich (2011), Petria et al. (2015)), there have been variation in measuring the alternative lending
including FinTech in existing literature, for example the use of FinTech transaction volume
(Naceur et al., 2023), or the number of FinTech firms (Nguyen, 2025), or total no. of FinTech
patents filed by banks (He et al, 2026) or even by developing a novel digitalization index (Citterio
et al., 2024). Building on the existing literature, this study uses following variables to examine the

impact of FinTech activity on bank profitability.
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3.2.1. Measurement of Bank Profitability
Return on Average Assets (ROAA): We have used Return on average assets as one of the proxies

to measure bank profitability during the given year. The return on assets is a measure of
management efficiency which gauges how efficiently the firm used its assets to generate the net
income during the financial year. Higher ROA denotes that a firm generated revenue efficiently
through the proper use of its balance sheet assets. The firms usually strive for higher ROA

(Hargrave, 2026).

Return on Assets is expressed as percentage and is widely used because this ratio expresses the net
income in terms of the resources employed to achieve them. Net income or the total assets
standalone provides some insight into how greatly the firm has performed or how big the firm is,
the ROA metric expresses the former in terms of the latter. The resultant is expressed in percentage

form so that the result can be compared across firms and across time.

While calculating ROA, it is recommended to use average of the total assets at the beginning of
the financial year and at the end of the financial year. The reason behind this is that the profit
generated by any firm during a financial year clearly depends on the value of assets it has during
the beginning of the financial year and the value of assets it accumulates during the financial year

(Brealey & Myers, 2003).
The return on Average assets is calculated using the following formula:

Net Profit after tax;
Average Assets;

Return on Average Assets; =

Total Assets;_,+Tota Assetst
2

Where, Average Assets; =

While the Return on Average Assets provides an understanding of how efficiently a firm has
utilized its assets toward generating revenue, one major limitation of this metric is that it does not
account for any off-balance sheet assets which may have been generating significant portions of

the revenue.

Another major constraint of the metric is that it doesn't make any distinction whether the assets
have been financed by equity or debt. A higher ROA is preferable but to what extent it has been
leveraged is crucial to understand the underlying risks involved. To overcome this limitation and

in line with the existing literature, for example, Goddard et al., (2004) argues that ROA does not
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incorporate off-balance sheet assets in its calculation and thus, the use of ROE is more appropriate
in this regard, we measure the bank's profitability using another key indicator: Return on Equity

which explicitly reflects the returns generated for the shareholders.

Return on Average Equity (ROAE): In line with existing literature (Petria et al. 2015), we have
used return on average equity as an additional tool to measure the incumbent bank's profitability.
The return on equity measures the net income generated per unit of equity capital invested in the
shareholder. The ROA considers leverage in its calculation, whereas ROE considers only the
amount invested by shareholders. Thus, ROA and ROE would be same if the firm is financed only
through shareholders equity. Like the ROAA, the return on equity is also influenced by the level
of equity at the beginning of the period and any subsequent equity being added during the period.
Thus, we have used Return on Average Equity as a measure of bank profitability which is
calculated as below:

Net Profit after tax,
Average Equity,

Return on Average Equity, =

Total Equityy_,+Total Equitye
2

Where, Average Equity, =

Net-Interest Margin (NIM): The study uses Net Interest Margin as one of the measures of bank
profitability. NIM measures the difference between interest earned through lending or placement
and the interest paid to depositors, and it is usually expressed as a percentage for comparison across
banks or across time. Naceur et al. (2023) have measured the bank performance using Net Interest

Margin as one of methods.

Interest Income — Interest Expenses

Net Interest Margin =
g Average Interest Earning Assets

Where,

Total Interest Earning Assetsy_,+T Interest Earning Assetsg
2

Average Interest Earning Assets;

NIM is an appropriate tool for trend analysis and comparison across banks. However, bank's net
interest margin is affected by multiple factors such as credit mix, deposit mix, interest rates, credit
risk and market share among other factors (Jhavar, 2025). Argimon et al., (2023) concluded that
there is a positive relationship between interest rates and bank's Net Interest Margins and its effect

is stronger in a low-interest rate environment. In addition, a study by Hanweck and Ryu (2005)
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revealed that Net Interest Margin is found to be negatively associated with realized and expected
credit losses with the effect being more pronounced in banks involved in commercial type lending

activities.

3.2.2. Measurement of Alternative lending, including FinTech

Alternative lending, including FinTech activity are usually grouped into categories such as peer-
to-peer consumer and business lending, reward-based crowdfunding, equity-based crowdfunding,
balance sheet lending, debt-based securities, invoice trading and community shares/Microfinance.
Out of these different types of alternative finances, peer-to-peer consumer lending commands the
highest volume and highest growth rate in the European market excluding the UK. In 2014, the
peer-to-peer consumer lending in the European region excluding the UK was 274.6 million pounds

with the annual growth rate of 113% (Zheng et al., 2015).

Thus, alternative finance, including FinTech, emerges as a direct competition to the incumbent
banks because commercial banks generate the largest share of their income from interest-related
activities, indicating their core business of deposit-taking and lending. In Denmark, for example,
interest income accounted for approximately 75 percent of total bank revenue in 2024
(Finanstilsynet.dk, 2026). This suggests that lending activities remain the most relevant segment
when analyzing the interaction between alternative finance, including FinTech development and

traditional banking performance.

Therefore, this study uses the non-bank consumer credit as a proxy for alternative & fintech
lending, as it directly corresponds with the primary revenue-generating function of incumbent
banks. This study uses data on consumer credit supplied by non-bank financial companies from
Statistics Denmark. Since FinTech lenders typically operate outside the traditional banking sector,
non-bank consumer lending is used as an approximation of Alternative lending, including FinTech
lending activity. We expect that the non-bank consumer credits substitute the incumbent banks

and therefore, impact the latter's profitability as mentioned in our hypothesis development section.

While our proxy for alternative lending, including FinTech, is broad, we observe an increment in
aggregate non-bank consumer credit after the year 2017. The overall non-bank consumer credit
during 2011 was DKK 11,819 (in million), which grew to DKK 11,342 (in million) by the end of
2017, with the compound annual growth rate of -0.68%. Interestingly, after 2018 overall growth

in the non-bank consumer credit volume in Denmark was significantly higher. The overall
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alternative lending volume, which was DKK 10,759 (in million) in 2018, grew to DKK 14,017 (in
million) by the year 2023, with the compound annual growth rate of 5.43%. However, in
comparison to 2023, there was a significant drop (by -23%) in the overall non-bank lending volume

in 2024.

FIGURE 2: ANNUAL ALTERNATIVE LENDING VOLUME

Annual alternative lending volume, including
FinTech

18000
16000
14000

12000
10000
8000
6000
4000
2000
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

DKK, in million

Source: Statistics Denmark (2026)

The growth in the non-bank consumer credit draws parallel with the major milestones in Danish
FinTech ecosystem. Up until 2015, FinTech in Denmark was still in its early stage. The ecosystem
started building with the establishment of Copenhagen Fintech in 2016. Copenhagen FinTech was
established as a focal point for financial innovation, co-working and accelerator program.
Copenhagen FinTech acted as a fintech hub that helped financial startups in different ways such
as access to risk capital, access to talents and supportive political and regulatory environment
(Crespo, 2021). The establishment of separate and dedicated fintech team unit under the Danish
Financial Supervisory authority was another great initiative. It was established to start and run
fintech startups easily in Denmark through support in navigating complex financial regulations

(Danish FSA, n.d.).

Similarly, the introduction of revised Payment Service Directive (PSD2) which was implemented
in two phases in 2018 and 2019 also supported fintech growth. The provision of open banking in

PSD2 acted as a major catalyst for fintech startups. The open banking system granted access to
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accounts, retrieval of account information and strong customer authentication among others (Ilyin,
n.d.). Other notable milestones in Danish fintech include adoption of Mobile Pay by all Danish
banks in 2017, investment in fintech reaching DKK 1 billion in 2018, FSA opening application for
fintech regulatory sandbox, obtaining digital banking license by Lunar bank in 2019, among others
(Copenhagen Fintech, 2026). As the environment for fintech startups turned favorable with
significant achievements, it can be observed that there has been growth in overall alternative
lending volume. More interestingly, the significant decline in non-bank consumer credit volume
in 2024 coincides with the decline in global fintech investment. In fact, KPMG (2024) reports a
sharp decline in worldwide fintech investment with investment amounting to only USD 95.6
billion which is the lowest since 2017. Thus, the development in non-bank consumer credit is
found to be closely coinciding with the changes in fintech ecosystem in Denmark which justifies,
to a certain extent, our choice of the data as proxy for alternative lending, including FinTech for

our study.

From the data obtained from Statistics Denmark, we measured Alternative lending, including

FinTech activity as a natural logarithm of:

TABLE 1: DETERMINATION OF FINTECH PROXY
+Blank Credit

Alternative Lending, including FinTech = +Other Loans excluding balance on petrol
companies

+Secured Credit

Source: Statistics Denmark (2026)

However, our primary independent variable is time-dependent and varies only across time and not
across individual banks. The alternative lending, including FinTech proxy, assumes identical
values for all banks within a given year while varying across the 15-year study period. Therefore,
the variable captures industry-wide fintech development rather than bank-specific fintech
adoption. In order to explore heterogeneous effects of alternative lending across different bank
characteristics, we extend the baseline estimation with interaction between fintech and bank size
difference, capitalization ratio and cost-to-income ratio as mentioned in sections above. These
interaction terms allow the estimated coefficient of industry wide alternative lending to vary

according to the bank-specific internal characteristics. While this doesn't specifically eradicate the
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aggregate nature of problems connected with our primary independent variable, it provides
important insights into how the development in alternative lending affects banks differently and
how the impact varies across banks based on the change in their size, level of capitalization and

level of operational efficiency.

Due to limited availability of alternative finance and FinTech data, our study uses annual non-bank
consumer credit volume as a proxy for alternative finance and fintech development. This measure
reflects the expansion of non-traditional financial intermediation, but it may not fully capture all
dimensions of alternative finance and fintech innovation such as digital payments, mobile banking,

peer-to-peer business lending, or platform-based financial services.

Our study covers the period from 2010-2024 and out of these 15-year period, we could find the
comprehensive peer-to-peer lending and balance sheet lending data for six years only, i.e. from
2015-2020 from Cambridge Center for Alternative Finance. The correlation coefficient between
non-bank consumer credit data and fintech lending volume obtained from CCAF during the
overlapping period of 2015-2020 is 0.46 which represents a modest but weak correlation between
the datasets. However, we have presented supplementary regression analyses using this data in

order to validate our findings and serve as a robustness test in the subsequent sections.

3.2.3. Control Variables
We have included several control variables to control other factors that may influence bank

profitability in the empirical model. These variables capture both important bank-specific
characteristics and macroeconomic conditions that are commonly associated with profitability in
the banking literature. By controlling these factors, the model aims to distinguish the effect of the
main explanatory variables and reduce potential omitted variable bias. The control variables used
in this study include bank size, capitalization, liquidity, asset quality, and relevant macroeconomic

indicators.

Bank Size (S): Bank size is widely considered an important determinant of bank profitability in
existing banking literature, and it is therefore included as a control variable in the model. The
notion behind how bank size impacts profitability is that larger banks may benefit from economies
of scale. With the increasing bank size, fixed costs can be allocated to a larger asset base which
reduces average costs. Another explanation is that a large bank can easily diversify its product

lines, sectors and regions and thus have easy access to greater financial markets, which can
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positively influence profitability. The diversification of the portfolio across multiple product lines
and markets reduces the risk which promotes profitability either through directly reducing losses
or indirectly reducing cost of funds. More importantly, through economies of scale, a larger bank
can easily afford to incorporate specialized inputs such as highly talented human resource pool or
introduction of latest technology in its process which increases efficiency and reduces the risk

(Regehr & Sengupta, 2016).

On the one hand, economies of scale links bank size and profitability positively, but on the other
hand, agency theory signals the opposite. The agency theory of the firm suggests that the
relationship between owners and managers of the bank are constantly in conflict. The shareholders
aim to maximize the value and profitability of the bank whereas managers act in a manner that is
more favorable to them such as career growth, increased compensation and gaining more power.
This may lead to managers taking excessive risks to increase bank size which may lead to
inefficient allocation of bank resources. The excessive risk taking and acting in favor of personal
gains may lead to misalignment of bank funds towards sub-par assets, potentially reducing

profitability.

Therefore, the relationship between bank size and profitability remains theoretically ambiguous.

In this study, bank size is measured by the natural logarithm of total assets.

Capitalization Ratio (CR): Bank capitalization reflects the financial strength and stability of a
bank and is commonly used as a determinant of bank profitability in the banking literature. A
highly capitalized bank is considered less risky, which increases its creditworthiness among
depositors and investors and can source funds at lower costs. Similarly, a well-capitalized bank
has higher capital buffers which allows it to undertake profitable ventures and absorb potential
losses without much reliance on external funding (Wanzenried & Dietrich, 2011). As a result, such

banks are better positioned to remain stable and profitable even during periods of financial distress.

From a theoretical perspective, higher capitalization may also improve bank performance through
enhanced monitoring and prudent investment behavior. The theoretical explanation is that banks
with higher capital engage more in monitoring activities and usually invest in safer assets. Studies
show that the higher precrisis capital is associated with the higher survival rates of small banks

during bank crisis, market crisis and normal times whereas the medium and larger bank with higher
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precrisis capital are found to survive the banking crisis (Berger & Bouwman, 2013). Consequently,

higher capitalization is often associated with improved bank performance.

On the other hand, the risk-return trade-off theory suggests that higher risk is associated with
higher expected returns. A bank with lower capitalization ratio is highly leveraged and is
considered riskier than their highly capitalized counterparts. As a result, the overall relationship

between capitalization and bank profitability remains theoretically ambiguous.

In this study, capitalization is measured as the ratio of equity to total assets.

Equity

Capitalization Ratio = ———
P Total Assets

Liquidity Ratio (LR): Liquidity describes how quickly and easily an asset would be converted
into cash without a significant loss of value. The Federal Reserve (n.d.) describes bank liquidity
as the availability of cash and other liquid assets to meet short-term business and financial
liabilities. Liquidity is an important determinant of bank profitability and studies have shown that
liquidity is positively related to bank profitability (Bourke (1989), Athanasoglou (2006)). In
banking terms, liquidity refers to the ability of the bank to fund its increase in assets and meet its

liability obligations while remaining a going concern.

The relationship between liquidity and profitability can be multifold. When banks hoard liquidity,
they can easily and in a timely manner meet short-term financial and business liabilities. Banks
that can timely and easily fulfill their liability obligations are perceived as safer banks by both
depositors and investors which will eventually lower funding costs and increase profitability.
Conversely, when banks and financial institutions don't maintain adequate liquidity, they are
usually forced to borrow the liquidity or in more severe situations they resort to selling illiquid
assets at distressed prices. Any such scenarios have a negative impact on the bank profitability
either through increased funding costs or through non-realization of fair price for the illiquid assets
during the fire sale. On the other hand, when banks don't have enough liquid assets at their disposal,
they may have to abandon many profitable lending or investment opportunities which reduce

potential earnings.

The study by Niu (2024) shows that during the event of macroeconomic uncertainty such as the
period of high economic policy uncertainties, the profitability of banks is positively affected by

liquidity position. Thus, the existing literature and economic rationale suggests that there is a
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positive relationship between liquidity and bank profitability. We have measured liquidity as the

ratio of liquid assets to total assets.

Liquid Assets
Total Assets

Liquidity Ratio =

Non-Performing Loans (NPL): Non-performing loans are any loans and advances that are
overdue for more than 90 days. The level of NPL is a crucial determinant of a bank's profitability.
When banks accumulate non-performing loans, the possibility of earning interest income declines,
which negatively affects overall revenue. In addition, banks are required to set aside funds as loan
loss provisions to cover potential losses arising from defaulted loans, which further reduces
profitability. Moreover, when loans are not repaid on time, banks are unable to recycle funds into
new lending or investment opportunities, thereby limiting their ability to generate additional
income. On the other hand, banks with significant levels of non-performing loans are perceived as
risky by investors and customers which eventually raise the bank's funding costs. Therefore, a
higher level of non-performing loans is expected to have a negative impact on bank profitability.
We have calculated NPL ratio as impairment losses on loans divided by gross loans to customers
measured at amortized cost and fair value. We have considered zero as NPL in the case of negative

impairment in some years.

Impairment Losses

Non — Performing Loans (%) = Gross Loans

where, Gross Loans = Net Loans + Impairment Losses

Cost-to-Income Ratio (CTI): The cost-to-income ratio is one of the key efficiency metrics for
banks and an important determinant of bank profitability. The World Bank Group (n.d.) defines
cost-to-income ratio as the operating expenses expressed as a ratio to the net-interest revenue and
other operating income. Since the ratio shows operating expenses as a percentage of the operating
income, a lower ratio indicates higher efficiency. The cost-to-income ratio reflects the extent to
which management is able to control operating costs, as non-interest expenses are generally
considered to be more controllable through managerial decisions. Thus, the banks with lower cost-
to-income ratio are expected to be more profitable (Tripe, 1998). We have measured CTI as

follows:
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Non — Interest Expenses excl.bad & doubtful debt
Net Interest Income + Non — Interest Income

Cost — to — Income Ratio (%) =

Macroeconomic Conditions: In addition to bank-specific factors, macroeconomic conditions
may also influence bank profitability. Economic growth generally increases the demand for
banking services and improves borrowers’ repayment capacity, which can enhance bank
performance. Conversely, adverse economic conditions may increase credit risk and reduce
profitability. In this study, macroeconomic conditions are captured using variables such as GDP

growth and inflation.

GDP growth: The GDP growth is defined as the percentage change in real gross domestic product
of a country during a given period. GDP growth is one of the important exogenous determinants
of bank profitability (Kosmidou, 2008). The period of positive GDP growth is characterized by
increasing business activities and rising consumer spending which play an important role in
creating demand for loans and advances. Secondly, the period of high economic activity leads to
timely repayment owing to sound financial standing of the borrowers. Thirdly, economic growth
signals stability and banks are considered safer thereby reducing their funding costs. Thus, GDP

growth is associated with positive impact on the bank's profitability.

Inflation: Inflation is defined as the general change in price over time. Moderate inflation allows
banks to increase lending rates, potentially raising interest income and interest margins. However,
as Bergant et al. (2025) note, both interest income and interest expenses tend to rise during
inflation, and while the gross impact may be significant, banks are often operationally hedged,
making the net effect negligible. In contrast, the period of high inflation leads to rise in the bank's
operating expenses thereby eroding profitability. Similarly, when the prices rise sharply,
borrowers' financial standing deteriorates and hampers sound repayment which degrades the asset
quality. Therefore, inflation has a negative impact on bank profitability (Kosmidou, 2008).

Overall, the impact of inflation is ambiguous.
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TABLE 2: DESCRIPTION OF VARIABLES

Variables Description Expected Sign

Dependent Variables

Return on Average Assets Net Profit after tax over average total assets (%)

(ROAA)

Return on Average Equity Net Profit after tax over average total equity (%)

(ROAE)

Net Interest Margin (NIM) Net Interest Margin (%) defined as Net Interest
Income divided by Total Earning Assets

Independent Variable

FinTech Activity Non-bank consumer credit data obtained from +/-
Statistics Denmark

Bank-Specific characteristics (internal factors)

Bank Size Measured as natural logarithms of total assets +/-
Capitalization Ratio Measured as Equity over total assets (%) +/-
Liquidity Ratio Measured as liquid assets over total assets (%) +
Non-performing loans Measures credit quality as non-performing loan -

over gross loans (%)

Cost-to-income Ratio A measure of efficiency derived as operating

expenses over operating income in (%)

Macroeconomic factors (external factors)

GDP growth Measures change in real GDP in (%) +
Inflation Measure change in consumer price index over time +/-
in (%)

Source: Author's calculations

3.3.Sources of Data

We have obtained the list of banks in Denmark during 2024 from Finanstilsynet's website which
is a government agency working under the Ministry of Business and Industry and supervises and
regulates financial sectors including mortgage institutions, insurance companies, pension funds

and the security market (Danish FSA, n.d.). It classifies banks and mortgage institutions into
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various groups according to their sizes of working capital and their domicile (eg. branch of foreign
banks, Greenlandic & Faroese Banks). As our study focused on the impact of alternative lending,
including fintech activity on incumbent Danish banks, we started by excluding the mortgage
institutions, fully digital banks, banks involved only on trading & investment activities (i.e. Saxo
Bank, PFA Bank, Maj Bank), branches of foreign banks and Faroese and Greenlandic banks (See
Appendix IV for more details). The following table shows the types and number of banks

considered in our analysis:

TABLE 3: NUMBER AND TYPES OF BANKS USED IN THE STUDY

Grou | Group Description No. of banks No. of Remarks
ps & mortgage banks
institutions consider
ed
1 Systematically Important | 14 7 Excluded: 6 mortgage
Financial Institutions institutions; 1 investment
bank (Saxo Bank)
2 Working capital more 7 5 Excluded one niche bank &
than 15 billion DKK one recently merged bank
due to limited data
availability
3 Working capital more 28 22 Excluded: 5 digital only
than 1 billion DKK banks & 1 recently merged
bank with limited data
availability
4 Working capital under 1 | 9 6 Excluded: 2 investment
billion DKK bank & 1 niche leasing bank
5 Branches of foreign 25 0
banks
6 Faroese & Greenlandic | 5 0
Banks
Total 88 40

Source: Danish FSA (n.d.)
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Our main sources of data for the bank-specific characteristics are the Time Series data published
by Finanstilsynet Denmark on its website. The time series data includes the individual balance
sheet and income statements of all the banks and mortgage institutions from 2000-2024. The data
contained standard item-wise reporting of the balance sheet and income statement components,
from which we sorted out the components required for our analysis and computed ratios as

mentioned above in our variables section.

In this study, we have considered the total consumer credit generated outside of the traditional
banking channels as a measure of alternative lending, including fintech activity. We have sourced
this data from Statistics Denmark which is a national statistics authority of Denmark under the
jurisdiction of Danish Minister for Economic Affairs and the Interior. Statistics Denmark publishes

the quarterly consumer credit data arising outside of traditional financial system.

Similarly, we have obtained macroeconomic data, i.e. Real GDP growth rate and inflation rate
from International Monetary Fund's (IMF) website. Our dataset contains a balanced panel of 40

Danish banks consisting of 600 bank-year observations over the years from 2010-2024.

TABLE 4: SOURCES OF DATA

Description Variables Sources

Dependent Variables | ROAA, ROAE & NIM | Author's calculation based on the time-

series data published by Finanstilsynet.dk

Independent Variable | Alternative Lending Compiled from Statistics Denmark

including Fintech

activity
Bank-specific Bank Size, Author's calculation based on the time-
Control Variables Capitalization Ratio, series data published by Finanstilsynet.dk
(internal) Liquidity Ratio, NPL &

CTI
Macroeconomic Real GDP growth rate | IMF's website
variables (external) & inflation

Source: Finanstilsynet.dk (2026), IMF (2026), Author's calculations
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3.4.Stationarity Tests

Prior to estimating the regression results, it is crucial to examine the stationarity properties of

variables to avoid spurious regression results. We have applied unit root tests on the variables to

check the stationarity. For our panel dataset, we have employed Im-Pesaran-Shin (IPS) test. The

IPS test allows for heterogeneity in the autoregressive parameters across cross-sectional units. We

have further conducted the Levin-Lin-Chu (LLC) test for robustness of our stationarity tests. The

LLC test is more stringent than IPS as it doesn't allow for heterogeneous coefficients (Nell &

Zimmermann, 2011).

The unit tests are conducted with lag lengths selected based on the Akaike Information Criterion

(AIC), with a maximum lag of 2. The null hypothesis of both the tests is all variable contains a

unit-root (non-stationary) while the alternative hypothesis for both the tests is variables are

stationary. The results for both the tests are as below:

TABLE 5: STATIONARITY TESTS (IPS AND LLC)

Variable

IPS Test

LLC Test

Return on Average Assets

Return on Average Equity
Net Interest Margin

FinTech

Capitalization Ratio
Bank Size

NPL

CTI

Liquidity Ratio

Real GDP Growth Rate

Inflation

-5.6238 (9.342¢-09)

-6.268 (1.829¢-10)
-6.694 (1.085¢-11)

-2.3821 (0.008607)
-5.3301 (4.907¢-08)
7.0193 (1)

-4.7092 (1.244¢-06)
-5.4684 (2.27¢-08)
-1.6302 (0.05153)
-27.029 (<2.2¢-16)

-6.9707 (1.577e-12)

-8.0482 (4.201¢-16)

-8.0507 (4.114e-16)
-5.5151 (1.743¢-08)

-3.9885 (3.325¢-05)
-8.5548 (< 2.2¢-16)
0.59949 (0.7256)
-7.9274 (1.119¢-15)
-5.0023 (2.832¢-07)
-4.0228 (2.876¢-05)
-31.547 (<2.2¢-16)

-10.08 (<2.2e-16)

The figures on brackets represent p-value

Source: Author's calculations
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The test statistics (wtbar) and p-value for IPS indicate that all variables except bank size (p-value
1) and net liquidity ratio (p-value 0.05153) are stationary whereas the test statistics (z value) and

p-value of LLC reveal that all variables are stationary except bank size (p-value 0.7256).

To achieve stationarity, the variables Bank Size is transformed by taking its first differences, while
remaining variables which are stationary at levels are included in the regression without further
transformation. The following table shows the IPS and LLC tests of Bank Size which is integrated
of order one I(1).

TABLE 6: STATIONARITY TEST (IPS AND LLC) OF FIRST DIFFERENCED BANK SIZE
Variable IPS Test LLC Test
Bank Size (First difference) -13.915 (<2.2e-16) -16.727 (<2.2e-16)

The figures in brackets are p-value

Source: Author's calculations

The IPS test statistics (wtbar) and p-value for the variable bank size when integrated of order one
is -13.915 and <2.2e-16 respectively, and that as per LLC test is -16.727 and <2.2e-16 respectively.
This shows that the variable banks size becomes stationarity when it is integrated of order one /(1).
Therefore, we include the first difference of the variable bank size in regression model. For
simplicity, we will refer to the bank size integrated of order one as bank size difference throughout

this study.

When testing liquidity ratio for stationarity using both IPS and LLC tests, IPS yielded a borderline
p-value of 0.0515, suggesting possible non-stationarity, while LLC strongly rejected the unit root
(with p-value = 2.876e-05) indicating stationary in levels. Therefore, based on the small-time
dimension and consistency across the cross-section, liquidity is treated as stationary in levels for
the main regression, with robustness checks performed using its first difference. Moreover, the
liquidity ratio is considered stationary in economic terms as banks usually adjust their liquidity
positions around a long-run equilibrium level which is consistent with regulatory requirements and

prudent liquidity management practices.
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3.5.Descriptive Statistics
The following table highlights the descriptive statistics of the variables considered in our study.

TABLE 7: DESCRIPTIVE STATISTICS

Dependent Variables: Bank Mean  Median Standard Maximum Minimum

Profitability Deviation

ROAA 0.85%  0.86% 0.95% 4.54% -5.62%

ROAE 6.24%  6.94% 8.47% 24.99% -108.62%

NIM 341%  3.28% 1.53% 14.28% 0.68%

Independent Variable Mean  Median Standard Maximum Minimum
Deviation

Alternative Lending including 23.2627 23.20247 0.1555 23.5623 23.0983

Fintech

Bank-specific characteristics Mean Median  Standard Maximum Minimum

(internal) Deviation

Size (First-difference) 0.06750 0.06369 0.1009 0.87098 -0.37398

Capitalization 13.10% 12.92%  4.01% 28.21% 2.98%

Liquidity 40.89% 41.15%  12.57% 82.78% 0.00%

NPL 0.96%  0.47% 1.35% 16.16% 0.00%

CTI 70.84% 71.30%  13.09% 134.83%  27.51%

Macroeconomic factors (external) Mean Median Standard Maximum Minimum
Deviation

Real GDP Growth rate 1.78%  1.60% 1.80% 6.50% -1.80%

Inflation 1.75%  1.10% 2.06% 8.50% 0.00%

Source: Author's calculations

The descriptive statistics show that the average Return on Average Assets (ROAA) of our sample

banks over the years from 2010-2024 is 0.85% while median ROAA during the period is 0.86%.

There is a small difference between the mean and median ROAA which suggests that there doesn't
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exist huge differences in asset-based profitability among banks, which is also reflected by a low

standard deviation of 0.95%.

However, our second profitability measure, Return on Average Equity (ROAE), shows there exists
difference in profitability between banks as reflected by higher standard deviation of 8.47%.
During the review period, average ROAE of our sample banks is 6.24% whereas median ROAE
1s 6.94%. During the period, average Net Interest Margin (NIM) of our sample banks is 3.41% and
median NIM is 3.26% with a standard deviation of 1.53%. This corroborates with ROAA
indicating no significant profitability difference among sample banks from 2010-2024.

Our major independent variable, alternative lending, including fintech activity (measured as
natural logarithm), is quite stable during the review period with mean, median and standard

deviation of 23.26, 23.20 and 0.155 respectively.

The banks in our sample have an average size of 22.39 with the median 22.14 and standard
deviation of 2.12, suggesting minimal variance among sample banks in terms of their asset size
measured as natural logarithm. On the other hand, capitalization ratio, which is on average 13.10%
for our sample banks, exhibits significant differences between highest-capitalized and lowest-
capitalized banks along with the standard deviation of 4.01%. The bank size in our study is
measured as natural logarithm of total assets, while the first difference of bank size represents the
log-change in assets between periods. We have considered the first-differenced bank size because
the bank size at the level demonstrated non-stationarity characteristic. The above table shows that
average log-change in assets of banks in our sample is 0.06750, with similar median of 0.0639,
and standard deviation of 0.1009, suggesting minimal variance among sample banks in terms of

their growth in asset size measured as first difference of natural logarithm.

Similarly, the average Non-Performing Loan (NPL) (0.96%) is much higher than the median NPL
(0.46%) suggesting significant differences among banks. The difference between minimum and
maximum NPL ratio is also quite high as with the capitalization ratio for our sample banks during

the period. High NPL ratio points to significant credit risks in certain cases.

Another bank-specific characteristic, the liquidity ratio which is measured as a ratio of liquid assets
to the total assets amounts to 40.89% on average. While the difference between mean and median

liquidity ratio is minimal, its standard deviation is 12.57% revealing significant variance among
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banks. This is further supported by the maximum and minimum values, which are ~83% and 0%

respectively.

Similarly, the cost-to-income ratio (CTI), another internal factor, reflects similar behavior during
the review period for our sample banks. The average and median CTI are almost same, 70.84%
and 71.30% respectively; but there is a huge difference among banks in terms of this indicator.
The standard deviation is ~13% and the maximum and minimum CTI for the sample banks are
134.83% and 27.51% respectively. The high CTI, exceeding 100%, implies that some banks'

operating expenses exceeded their operating income indicating period of inefficiencies or crisis.

The descriptive statistics show the presence of several extreme values across bank profitability
measures and certain bank-specific characteristics. For instance, ROAE exhibits a minimum value
of -108.62%, which is substantially lower than both its mean (6.24%) and median (6.94%). This
suggests the presence of severe losses for a small number of banks. Similarly, ROAA shows a
negative minimum of -5.62%, reinforcing the presence of loss-making observations. The outliers
are retained in the dataset as they likely represent economically meaningful events such as financial

distress or restructuring rather than data errors.

3.6.Correlation Matrix

The following table shows the correlation between variables used in our study:
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TABLE 8: CORRELATION MATRIX

Variables ROAA ROAE NIM Fintech Size I(1) Capitalization Liquidity NPL CTI GDP_Growth Inflation
ROAA 1

ROAE 0.8594 1

NIM 0.1512  0.0512 1

Fintech 0.0688  0.0635 -0.1937 1

Size I(1) 0.2547  0.1846  0.0505  0.0767 1

Capitalization 0.2847 0.1363  0.311 -0.0043  0.0890 1

Liquidity -0.0364 -0.0355 -0.2034 0.1468  0.0420 0.1487 1

NPL -0.5551 -0.5939 0.3669 -0.1817 -0.1710  -0.0149 -0.2168 1

CTI -0.5031 -0.35 -0.271 0.092 -0.0580  -0.0961 0.3155 -0.109 1

GDP_Growth 0.1705 0.1701  -0.004  -0.1521 -0.0405  0.0537 -0.015 -0.1856  -0.0027 1

Inflation -0.0555 -0.0447 0.054 0.2483 -0.0010  0.0188 0.0676 -0.1008 -0.0275 -0.187 1

Source: Author's calculations

The correlation matrix indicates that among the dependent variables, the ROAA and ROAE are highly and positively correlated with
the correlation coefficient (p) of 0.8594. This is expected because both ROAA and ROAE measures bank performance where ROAA

measures it as a ratio to total assets while ROAE measures in terms of shareholders value. The high correlation also reflects the role of

financial leverage, as ROAE is directly influenced by ROAA through equity multiplier, confirming the close relationship between these

two measures.

The table also shows that the, NIM is positively related to both ROAA and ROAE but with minor intensity (p values of 0.1512 and

0.0512 respectively). The table also exhibits that the primary independent variable, alternative lending including fintech activity is

weakly related to all three profitability measures. Notably, it is positively related to ROAA and ROAE but negatively related to NIM.

Among the three profitability measures, the alternative lending activity has highest correlation coefficients with NIM, i.e. -0.1937 versus

0.0688 with ROAA and 0.0635 with ROAE.
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The negative correlation between NIM and alternative lending (including fintech) suggests that
the increased alternative lending creates a competitive environment for the incumbent banks,
thereby exerting a direct and downward pressure on bank's interest margins. This makes NIM more
sensitive to the presence of alternative lending than other broad profitability measures such as
ROAA and ROAE as the latter are also affected by non-interest incomes and cost structures of the
incumbent banks. However, the correlation coefficients should be interpreted with caution as

correlation doesn't indicate causality.

The first-differenced bank size is positively correlated with dependent variables. The correlation
coefficient between size and ROAA is 0.2547, between size and ROAE is 0.1846 and between
size and NIM is 0.0505. This indicates that the growth in banks' assets has a positive relation with
its profitability, particularly, as banks become larger, it benefits from economies of scale.
However, the relation between size and NIM is weak, which may be because as banks grow, they
tend to diversify their investments, particularly impacting the net interest margin. On the other
hand, the negative relation of NIM and Size suggests that larger banks operate with the business
model of larger volume rather than higher margins. It also indicates that larger banks are involved
in more competitive lending activities owing to their access to low-cost funds. Another plausible
reason is that larger banks diversify their revenue streams across multiple portfolios instead of
focusing only on core-lending activities, thereby compressing their interest margins. Another
notable relationship is between bank size and NPL with a negative correlation coefficient of -
0.1710. This coincides with the economic reasoning that non-performing loans (especially loss)
reduce overall lending volume of banks. However, the relation is weakly negative, and correlation

doesn't directly imply causation and should be interpreted with caution.

The capitalization ratio, on the other hand, is positively related to all three profitability measures
used in this study with highest coefficient of 0.311 with NIM, followed by 0.2847 with ROAA and
0.1363 with ROAE. This suggests that the higher capitalized banks tend to have higher
profitability. Banks with high capitalization are perceived safe by investors and depositors, which
reduce their overall funding costs, while they are also well equipped to absorb any losses. This
keeps them in a position where they can simultaneously increase lending and earn higher margins
reflecting highest correlation with the Net Interest Margin. Higher capitalization implies lower

leverage as well. Despite the overall profitability, the lower financial leverage can dilute return to
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the shareholders which explains the mildest correlation between ROAE and Capitalization ratio,

however correlation doesn't amount to causality.

Contrary to the initial expectation, the correlation between liquidity ratio and profitability
measures is found to be negative. While the relationship between liquidity ratio and ROAA and
ROAE is mildly negative (p values -0.0364 for ROAA & -0.0355 for ROAE), the relationship is
more pronounced with regards to NIM with p value of -0.2034. According to the existing banking
literatures, a bank with higher liquidity is considered safe by both investors and depositors, which
reduces the overall funding costs. Similarly, a bank holding sufficient liquidity is well suited to
capitalize on the opportunity of probable high earning lending or investment opportunities, thereby
high liquidity leading to increased profitability. However, the observed negative correlation
suggests the trade-off between liquidity and profitability where banks holding higher liquidity
position might have forgone the opportunities of profitable lending and investment opportunities
hampering overall profitability. Generally, the liquid assets held yield lower returns than lending
and therefore, the negative relationship between liquidity ratio and Net Interest Margin is more

significant than other measures of profitability.

Likewise, NPL is negatively related to ROAA and ROAE with p values of -0.5551 and -0.5939
respectively. The negative relationship between these profitability measures with NPL is expected
as NPL limits the banks' earning capacity. When loans are not repaid on time, banks cannot
circulate the funds into new income-generating assets. On the other hand, they should set aside
funds for probable loan loss as well which reduces profitable income. Moreover, banks with high
NPLs are considered risky, further leading to increased funding costs. Altogether, these factors

justify the observed negative relationship between NPL and ROAA & ROAE.

In contrast, NPL and NIM are positively related with p value of 0.3669. This positive relationship
contradicts the initially assumed impact of NPL on Net Interest Margin. One possible explanation
might be risk-return trade-off. Banks with higher NPL ratios may engage more in high-risk, high-
yield lending and although it increases the possibility of default, the performing portion of these
loans generate higher interest income, thereby increasing Net Interest Margin, particularly in the

short term. However, it is important to note that correlation doesn't directly indicate causality.

Further, the relationship between cost-to-income ratio (CTI) and profitability measures is negative

with significant correlation coefficient, for instance, the p value for the relationship between CTI
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and ROAA is -0.5031, p value between CTI and ROAE is -0.35 and p value between CTI and NIM
is -0.271. The negative relationship between CTI and profitability measures is consistent with
expectations because CTI of bank measures its efficiency where a higher CTI ratio indicates lower
operational efficiency. Consequently, higher costs relative to income reduce overall profitability.
This finding highlights the importance of cost efficiency as an important determinant of bank

profitability.

The correlation between GDP growth and profitability measures, particularly ROAA and ROAE,
shows a weak positive correlation with p values of 0.1705 and 0.1701 respectively. The positive
relation is as per expectations as the period with positive GDP growth fosters business growth and
increases consumer spending, which raises demand for loans and advances. On the other hand,
NPL decreases during the period of high economic activity as borrower's financial standing also
becomes sound during that period. In contrast, weak negative correlation with p value of -0.004 is
observed between GDP growth and NIM. The possible explanation might be that GDP growth
signals stability and business expansion which increases competition among the banking sector as
well. Thus, banks lower their margins to increase their market share, thereby reducing net interest

margin.

On the contrary, inflation has weak negative correlation with ROAA and ROAE as shown by p
values -0.0555 and -0.0447 respectively, whereas it has a weak positive correlation with NIM (p
value 0.054). While existing literature reveals evidence of mixed impact of inflation on
profitability, the reasonable justification can be that the period of high inflation increases banks'
operating costs, thereby slightly eroding profitability, particularly in terms of ROAA and ROAE.
It is also argued that banks can anticipate inflationary trends effectively than the customers due to
information asymmetry. This allows the banks to adjust lending rates more quickly than deposit
rates, allowing them to earn relatively higher interest income in comparison to interest expenses.
This can lead to increased net interest margin, especially during the period of moderate and
anticipated inflation. However, the magnitude of correlation between inflation and profitability is
relatively small which suggests the limited impact of inflation on the profitability of banks in the

sample.

On examination of the pairwise correlation between independent variables, we found that most

correlations ranged from relatively low to moderate, which indicates no serious multicollinearity
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concerns. The highest correlation is between size and capitalization (p values = -0.4862) which
lies below the common threshold of 0.70. Therefore, the variables are included in the regression
analysis. However, we have conducted Variance Inflation Factor (VIF) to further assess

multicollinearity.

3.7.Multicollinearity Tests

The correlation analysis indicated that there is no serious correlation between the variables.
However, to further strengthen our analysis, we have performed multicollinearity tests using the
Variance Inflation Factor (VIF). Multicollinearity exists when independent variables are strongly
correlated with each other which potentially inflates the standard errors and affects the reliability
of coefficient estimates. The following table shows the VIF value for all regressors used in this

study:

TABLE 9: VARIANCE INFLATION FACTOR

Independent Variable VIF value
FinTech 1.140092
Capitalization Ratio 1.054025
Liquidity Ratio 1.22345
Real GDP Growth Rate 1.122695
Size (First Differenced) 1.054321
Non-Performing Loan 1.172018
Cost to Income 1.175782
Inflation 1.121321

Source: Author's calculations

The VIF values for all the independent variables are found to be below 2 which is well below the
commonly accepted threshold levels. This signifies that there is very low degree of
multicollinearity among the regressors. Therefore, multicollinearity isn't a problem in our study

and hence, we have retained all the independent variables for regression analysis.

3.8.Determination of Fixed effects or Random effects model

We have conducted descriptive and correlation analysis and performed unit root tests to ensure

non-stationarity of the variables. The correlation analysis indicates that there is no-serious multi-
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collinearity between the independent variables which is further supported by the multicollinearity

tests using variance inflation factor (VIF).

The next step in our study is to determine the panel regression model as panel data regressions can
be estimated using fixed effects (FE) or random effects (RE) models. The FE model controls for
unobserved time-invariant characteristics of each bank, whereas the RE model assumes that these
individual effects are uncorrelated with the explanatory variables. To choose between FE and RE,
the Hausman test is applied, which tests the null hypothesis that the RE model is consistent. A
significant result supports FE, while a non-significant result supports RE. The following table

shows the test-statistics and p-value for Hausmann Test for all three dependent variables:

TABLE 10: HAUSMANN TEST

Dependent Variable Test statistics P-value
ROAA 50.787 2.884e-08
ROAE 59.801 5.1e-10
NIM 18.978 0.01498

Source: Author's calculations

We ran separate regressions for each of the dependent variables in our study to determine the
model to be used for regression in our panel data. The test statistic for Hausman test was significant
(p-value less than 0.05) for all three dependent variables. The test result showed that the bank-
specific characteristics are correlated with the explanatory variables. Therefore, the fixed effects

model has been preferred for ascertaining the determinants of all three dependent variables.
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CHAPTER 1V
4. Empirical Results

In this section, we present the results of our baseline and extended models along with various
robustness tests which we have performed to further validate our findings.

4.1.Baseline Estimation Results

In this section, we present the findings of our econometric analysis. The following table represents
the impact of our primary independent variable, alternative lending, including FinTech, on one of
the profitability measures used in this study. We have used the fixed effects model to control for

time-invariant characteristics of individual bank.

TABLE 11: REGRESSION SUMMARY (ROAA)

Dependent Variable: Return on Average Assets (ROAA) Robust Standard Errors

FinTech 0.0038223 .
(0.0020460)

Size (First-differenced) 0.0065976 .
(0.0036641)

Capitalization Ratio 0.0565649**
(0.0201539)

Non-Performing Loan -0.4554097***
(0.0359082)

Liquidity Ratio -0.0029975
(0.0053337)

Cost-to-Income -0.0516198***
(0.0059686)

Real GDP growth rate 0.0097422
(0.0153938)

Inflation -0.0715742%**
(0.0143650)

N 560

R? 0.72372

Adjusted R? 0.69836

Significance codes: *** p <0.001, **p <0.01, * p <0.05, .p<0.1
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Source: Author's calculations

TABLE 12: REGRESSION SUMMARY (ROAE)

Dependent Variable: Return on Average Equity (ROAE) Robust Standard Errors

FinTech 0.024128
(0.016409)

Size (First-differenced) 0.019035
(0.038966)

Capitalization Ratio 0.69817%**
(0.264795)

Non-Performing Loan -4.076384%**
(0.355733)

Liquidity Ratio -0.023687
(0.045061)

Cost-to-Income -0.379236%**
(0.045669)

Real GDP growth rate 0.055232
(0.123885)

Inflation -0.577172%**
(0.126562)

N 560

R? 0.60936

Adjusted R? 0.5735

Significance codes: *** p < 0.001, **p < 0.01, *p < 0.05, .p<0.1
Source: Author's calculations

TABLE 13: REGRESSION SUMMARY (NIM)

Dependent Variable: Net Interest Margin (NIM) Robust Standard Errors

FinTech -0.01370483**
(0.00529598)

Size (First-differenced) -0.0106135*
(0.00493952)

Capitalization Ratio 0.03546981*



(0.01712116)

Non-Performing Loan 0.10543276.
(0.05996871)

Liquidity Ratio -0.00826308
(0.01237816)

Cost-to-Income -0.05157929%**
(0.01099082)

Real GDP growth rate -0.00088183
(0.02565884)

Inflation 0.06452879 .
(0.03661445)

N 560

R? 0.41302

Adjusted R? 0.35914

Significance codes: *** p < 0.001, **p < 0.01, *p < 0.05, .p<0.1

Source: Author's calculations

The above table presents the result of baseline fixed effects regression examining the impact of
alternative lending (including FinTech) on bank profitability measured by Return on Average
Assets (ROAA), Return on Average Equity (ROAE) and Net Interest Margin (NIM) respectively.
The second column presents the coefficients with Driscoll-Kraay robust standard errors, which
account for potential heteroskedasticity, autocorrelation, and cross-sectional dependence in the
panel data. The significance levels change slightly with Driscoll-Kraay robust standard errors

which reflect the increased precision of the estimates.

We conducted the model diagnostics checking for heteroskedasticity, autocorrelation and cross-
sectional dependence after running the baseline regression. We used Breusch-Pagan test for
heteroskedasticity, Breusch-Godfrey/Wooldridge test for serial autocorrelation and Pesaran CD
test for cross-sectional dependence of panel models. The following table shows the test-statistics

and p-value for the model diagnostics:
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TABLE 14: MODEL DIAGNOSTICS

Dependent Variable: Return on Average Assets (ROAA)

Model Diagnostics Test Test-Statistics p-value
Heteroskedasticity Breusch-Pagan test 120.6 (df=8) <2.2e-16
Serial Autocorrelation Breusch- 87.909 (df=14) 9.407e-13
Godfrey/Wooldridge
test
Cross-sectional Pesaran CD test 13.166 <2.2e-16
dependence

Dependent Variable: Return on Average Equity (ROAE)

Model Diagnostics Test Test-Statistics p-value
Heteroskedasticity Breusch-Pagan test 44.613 (df=8) 4.356e-07
Serial Autocorrelation Breusch- 103.1 (df=14) 1.204e-15
Godfrey/Wooldridge
test
Cross-sectional Pesaran CD test 11.672 <2.2e-16
dependence

Dependent Variable: Net Interest Margin (NIM)

Model Diagnostics Test Test-Statistics p-value
Heteroskedasticity Breusch-Pagan test 71.978 (df=8) 1.983¢-12
Serial Autocorrelation Breusch- 222.87 (df=14) <2.2e-16
Godfrey/Wooldridge
test
Cross-sectional Pesaran CD test 30.369 <2.2e-16
dependence

Source: Author's calculations

The above table shows the test results of model diagnostic tests. The Breusch-Pagan test strongly
rejects the null hypothesis of homoskedasticity test (p-value<2.2e-16 for ROAA, 4.356e-07 for
ROAE and 1.983e-12 for NIM) which indicates that the heteroskedasticity is present in error terms.

Similarly, the Breusch-Godfrey/Wooldridge test rejects the null hypothesis of serial
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autocorrelation test (p-value 9.407e-13 for ROAA, 1.204e-15 for ROAE and <2.2e-16 for NIM)
indicating that the error terms are correlated over time within banks. Furthermore, the Pesaran CD
test rejects the null hypothesis of cross-sectional dependence test with p-value<2.2e-16 for all three
dependent variables indicating that the shocks may be correlated across banks. These test results
of model diagnostics indicate that the standard OLS assumptions are violated, and the reported
coefficients and conventional standard errors may report unreliable results. To account for these
issues, we used Driscoll-Kraay robust standard errors as they are robust to heteroskedasticity, serial

autocorrelation and cross-sectional dependence.
Now, we would like to turn to the findings of our regression model.

The regression output shows that our primary independent variable, alternative lending (including
FinTech) has a positive impact on the dependent variable ROAA, and the coefficient is statistically
significant at significance level of 10%. The coefficient estimate of our primary independent
variable is 0.0038223, which indicates that if the alternative lending activity doubles, the
incumbent bank's ROAA is expected to increase by 0.38 percentage points. The finding is in line
with our expectation that the alternative lending activities increases incumbent banks' profitability,
and it is against the findings of Naceur et al. (2023). This positive relationship may reflect the fact
that banks may benefit through leveraging the FinTech lending platforms or innovating or adopting
technology themselves to cope with the competition. Another plausible reasoning might be that
the fintech lenders substitute banks in terms of low-income and marginalized customers which are
unserved by banks (Tang, 2019), which in turn means that bank advances credit to those customers

with good financial standing, thereby creating a positive impact on incumbent bank's profitability.

This might be also because the control variables exert significance impact on the incumbent's bank
ROAA. The estimated regression coefficient indicates that ROAA is positively impacted by bank
size at 10% significance level. The regression coefficient is 0.0065976 which shows that a 1%
increase in bank size is associated with a 0.000065 percentage points increase in ROAA indicating
a doubling of bank size results in a 0.0065 percentage point increase in the profitability measured
by ROAA. Similarly, capitalization ratio, another bank-specific characteristic, has a statistically
significant positive relationship with ROAA and the relationship is highly significant, i.e. at 1%

level. The estimated regression coefficient shows that a 1% increase in capitalization ratio leads to
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0.056% points increase in ROAA. In contrast, inflation is found to have a statistically significant

negative relationship with ROAA. The relationship is highly significant at 0.1% level.

Further, the coefficient suggests that a 1% increase in NPL results in 0.455% points decline in
ROAA. This is economically meaningful because NPL decreases bank's profitability by increasing
expenses (provisioning) and decreasing interest income. Another internal factor significantly
impacting the incumbent bank's ROAA is the cost-to-income ratio. This ratio measures the
operating efficiency of banks. The result indicates that a 1 percentage point increase in cost-to-
income ratio leads to a 0.05%-point decrease in ROAA. The result corroborates with the economic
reasoning that higher efficiency leads to higher profitability. In addition, inflation, which is an
external factor, is found to have a statistically significant (at 0.1% level) negative relationship with
the ROAA. The coefficient indicates that a 1%-point increase in inflation leads to 0.07%-point
decrease in ROAA. This is because the operating expenses rise more significantly than the interest

income due to inflation.

While other factors such as liquidity ratio and real GDP growth rate are found to have a negative
and a positive relationship with ROAA respectively, their impact on the latter isn't statistically
significant. The R? of the regression is 0.72372 which shows that ~72% of the variation in ROAA
is explained by the independent variables. Similarly, the adjusted R2 indicates that the model
explained ~70% of the variation in ROAA.

On the other hand, the regression coefficient shows that the alternative lending, including Fintech
activity, has a positive impact on the dependent variable ROAE, however, the result is not
statistically significant. This means that our independent variable does not have a clear impact on
this profitability measure. Despite the statistically insignificant association of ROAE with the
primary independent variable, the profitability measure shares statistically significant relationship
with several bank-specific internal and macroeconomic external factors. First and foremost,
capitalization ratio which measures total equity to total assets has a statistically significant positive
relationship with ROAE which is significant at 1% significance level. The regression coefficient
indicates that a 1%-point increase in capitalization ratio leads to a 0.69%-point increase in ROAE.
Similar to the ROAA, non-performing loans exhibit a statistically negative relationship with
ROAE as well. The coefficient, which is significant at 0.1% level, shows that a 1%-point increase

in NPL leads to a 4.076%-point decrease in ROAE based profitability measure. This has a huge
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economic implication and the reason behind negative impact is NPL has a double-edged impact
on income, i.e. by both reducing interest income and increasing provision expenses. Furthermore,
cost-to-income ratio also has a statistically significant negative (significant at 0.1% level)
relationship with ROAE. As reflected by the regression coefficient, a 1%-point increase in CTI
leads to a 0.379%-point decrease in ROAE. Likewise, ROAE is also negatively impacted by the
inflation. The impact is statistically significant at 0.1%. The estimated coefficient suggests that a
1%-point increase in inflation is likely to decrease the incumbent bank's ROAE by 0.577%-points.
The R?and adjusted R? show that our model explains approximately 60% and 57% of the variation
in ROAE respectively.

In contrast, alternative lending exhibits a statistically significant (significant at 5% level)
relationship with Net Interest Margin. The estimated regression coefficient of -0.013705 indicates
that a 100% increase in alternative lending activity, including FinTech, is expected to decrease the
net interest margin by 0.137 percentage points. Thakor (2019) explains that when banks face
competition, especially from FinTech and alternative lenders, they tend to advance credits in a less
stringent manner to make up for the loss in revenue, and by doing so they lend money to customers
even with weak financial standing. This increases the probability of NPLs which reduces interest

income and impacts the incumbent bank's net interest margin.

Apart from the alternative lending, the net interest margin is affected by various bank-specific
internal and external macroeconomic variables as shown by the regression result. To begin with,
net interest margin is found to be most significant (at 0.1% level) affected by the cost-to-income
ratio, which is a measure of efficiency. The estimated coefficient suggests that a 1%-point increase
in CTI leads to a 0.05%-point decrease in net interest margin. In addition, net interest margin is
also negatively affected by bank size, and the impact is statistically significant at 5% level. The
regression coefficient shows that a 1%-point increase in bank size leads to a 0.00010%-point
decrease in net interest margin. This may be because, as banks grow, they focus more on

diversification of portfolio which contracts interest income and interest margin.

Another statistically significant relationship of NIM at 5% is with the capitalization ratio. The
regression output explains that a 1%-point increase in capitalization ratio leads to a 0.035%-point

increase in net interest margin. This can be explained by the impact of leverage. When banks are
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financed more through equity, the interest expenses on potential debt financing are eliminated, and

as a result it increases net interest margin.

At 10% significance level, NIM is found to be positively related to non-performing loans and
inflation. It is observed that a 1%-point increase in non-performing loans is related to a 0.10%-
point increase in NIM. This may be because, banks with higher NPLs might have invested a
significant proportion of their portfolio in high-risk, high-reward opportunities, and while, some
of the investments have turned non-performing, the performing portion of the portfolio have
earned banks higher interest income than the safer investment alternatives, thereby inflating net-
interest margin particularly in the short run. Furthermore, the test showed that a 1%-point increase
in inflation leads to a 0.06%-point increase in NIM which may be because banks can anticipate
rising inflation earlier than consumers leading to an early rise in interest rates on lending than on

deposits, thereby earning banks a substantial net-interest margin, primarily in the short run.

On the contrary, internal factors such as liquidity ratio, and external factors such as real GDP
growth ratio are found to have a statistically insignificant relationship with NIM. The R? and
adjusted R? show that our model explains approximately 41% and 36% of the variation in NIM

respectively.

4.2.Effect of FinTech on different types of incumbent banks

We now assess how the alternative lending activities, including FinTech impact the profitability
of different kinds of banks considered in our study. Our study is comprised of forty Danish banks
which are officially categorized into four different groups based on the size of their working capital

(See Table 4 for bank grouping and number of banks in each group).

The availability of adequate capital is crucial for survival of business entity in the case of
unexpected losses. Banks are primarily involved in collecting deposits and relending the funds and
earn the margin between interest paid to depositors and interest earned from borrowers. Normally,
deposits have short-term maturity while loans are issued with considerably longer maturities and
banks should carefully maintain their capital to avoid potential problems which may arise due to

this mismatch of duration (Bologna, 2018).

Thus, the level of capital is crucial for the survival and growth of the banks. Theories suggest that
the banks with higher capital are well equipped with capturing profitable business opportunities,

managing unforeseen events and better tackling with external competitive pressures such as from
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FinTech. As Naceur et al., in their 2023 study points out that the impact of FinTech on profitability
is varied in case of small cooperative banks and large commercial banks, with insignificant impact

of FinTech on the latter's profitability.

Our conceptual understanding leads us to the expectation that banks with higher capital are more
resilient to external competitive pressures than those with lower capital. The following table
presents the results of the regression estimates. We have used one-way fixed effects and the fixed
effect model based on the Hausman Test. We have further implemented Driscoll-Kraay robust
standard errors which are resilient to heteroskedasticity, serial correlation and cross-sectional

dependence.

TABLE 15: REGRESSION SUMMARY BASED ON DIFFERENT GROUPS OF BANKS

Independent Variables
Estimated Parameters

ROAA ROAE NIM
FinTech 0.0125887** 0.0932721%* 0.00039159
(0.00391142) (0.0368495) (0.0034687)
FinTech*Group 2 -0.01002684** -0.0739252* -0.01961082%%**
(0.00335691) (0.0363785) (0.00572244)
FinTech*Group 3 -0.01201299* -0.0982578. -0.01911746*
(0.00523684) (0.0504981) (0.00780106)
FinTech*Group 4 -0.00689945 -0.0470825 -0.00918423
(0.00575955) (0.0486881) (0.00734859)
Capitalization Ratio) 0.0528036** 0.6695058%** 0.02934179.
(0.02004992) (0.2576114) (0.01655744)
Bank Size (First 0.00554067 0.0106591 -0.01246604**
differenced (0.00339807) (0.0369269) (0.00471095)
Non-Performing -0.45782572%** -4.097094*** 0.10113696.
Loan (0.03482863) (0.3524122) (0.06119615)
Cost-to-Income -0.05253528*** -0.3862733%** -0.053028***
(0.00587028) (0.0461934) (0.01095234)
Liquidity Ratio -0.00082774 -0.0052589 -0.00441603
(0.00524582) (0.043366) (0.01183532)
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Real GDP growth 0.00950263 0.0528064 -0.00138397

rate (0.01573136) (0.1268457) (0.02565597)
Inflation -0.07253169%** -0.5851457%%* 0.06286854.
(0.01412792) (0.1243738) (0.03664978)
N 560 560 560
R? 0.7299 0.6145 0.4288
Adjusted R? 0.7034 0.5766 0.3727

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The values in parentheses represent Driscoll-Kraay robust standard errors

Source: Author's calculations

The empirical results show that FinTech has mixed impacts across banks of different sizes. In the
ROAA model, FinTech has a significant positive association with profitability measured by ROAA
in case of banks belonging to the first group. The coefficient of 0.0125887 shows that a 1%
increase in FinTech competition increases the group one banks' profitability by 0.00013 percentage
points. The findings are statistically significant at 1% significance level. The impact is quite
substantial since the average ROAA of sample banks is 0.85%. Similarly, the increase in FinTech
competition is found to positively impact the top banks' ROAE. The coefficient indicates that a
1% increase in FinTech lending increases group 1 bank's ROAE by 0.00093 percentage points.
The coefficient is statistically significant at the significance level of 5%. Likewise, the coefficient
of FinTech on the NIM model suggests that group 1 bank's NIM is positively affected by FinTech,

but the result is statistically insignificant.

The results suggest that large banks with sufficient capital can invest strategically to cope with the
competition created by FinTech. They can invest significantly in R&D, adopt technological
innovation which helps them to increase efficiency, reduce costs and increase overall profitability.
The finding is consistent with Philippon (2016) who argues that financial innovation reduces costs
and improves efficiency. While we find no statistically significant impact of FinTech competition
directly on the interest margin of top banks, the reduction of overall costs and increase in efficiency

increases their overall profitability.

In comparison, the FinTech competition has significant positive impact on the profitability
measured by ROAA and ROAE but negative impact on the NIM of group two banks. The group

two banks comprise of banks with working capital above DKK 15 billion. The coefficient of
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FinTech on ROAA is 0.00256 (-0.01002684+0.0125887). The overall effect suggests that increase
in FinTech competition has a statistically significant (at 1% level) positive relationship with
ROAA of group 2 banks. This represents that a 1% increase in FinTech is associated with a
0.000026 percentage point increase on ROAA. The impacts are similar across other profitability
measures as well. The coefficient on ROAE is 0.01935 (-0.0739252+0.0932721) which suggests
that FinTech has a significant positive association and the findings are statistically significant at
5% level. The results indicate that a 1% increase in FinTech is estimated to increase group 2 banks'
ROAE by 0.0001935 percentage points. However, FinTech is associated with a negative impact
on the interest margin of group 2 banks. The coefficient -0.01922 (-0.01961082+0.00039159) is
highly statistically significant at 0.1% level. The results indicate that a 1% increase in FinTech
competition results in a decrease in NIM by 0.0001922 percentage points. The findings suggest
that group two banks are able to increase overall profitability (ROAA and ROAE) despite the
FinTech competition through cost reduction, technological innovation and increased efficiency
and results are still consistent with the findings of Philippon (2016). Despite the overall positive
impact on profitability, the group two banks are more vulnerable to compressed interest margins
due to the emergence of technologically embedded competitors. The reduction in net interest
margin agrees with the findings of Vives (2019) who explains that FinTech intensifies competition

and forces banks to adjust their strategies which compresses their interest margins.

Our study finds similar impact of the emerging competition on banks belonging to group 3. The
group 3 banks are classified according to their working capital, and these banks have working
capital over DKK 1 billion. The overall effect of FinTech competition on ROAA is positive, which
is significant at 5% significance level. However, the magnitude of the coefficient is weak, i.e.
0.00057571 (-0.01201299+0.0125887) which indicates that a 1% increase in FinTech is likely to
increase these banks' ROAA by 0.0000058 percentage points. The impact is weak considering the
average ROAA is 0.85% for our sample banks. However, ROAE of these banks is negatively
impacted by FinTech. The overall coefficient is -0.004985629 (-0.0982578+0.0932721) which
suggests that a 1% increase in the independent variable is associated with a 0.000049 percentage
points decrease in the profitability measured by ROAE. While ROAA of group three banks is
positively impacted, ROAE is negatively impacted. This is because of the impact of financial
leverage through equity multipliers. ROAA doesn't incorporate the impact of leverage and ROAE

attributes profitability to the shareholders only, thus the difference in sign is observed. This is to
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say that if the technological adoption of group 3 banks is financed through shareholder equity at
large, it dilutes the return per shareholder even if the profitability is growing. The impact is
statistically significant at 10% significance level. Similarly, Net Interest Margin of these banks is
negatively impacted by the FinTech competition. The coefficient is -0.0187258746 (-
0.01911746+0.00039159) and is significant at 5% significance level. It indicates that a 1% increase
in FinTech is associated with a 0.0001873 percentage points decrease in interest margin. The
finding is partially consistent with the findings of Naceur et al., (2023) who identified a negative

impact between incumbent banks' Net Interest Margin and FinTech.

The study reveals that the impact of FinTech on profitability of group four banks is similar to the
group two and group three banks. Increased competition from FinTech positively affects ROAA
and ROAE and negatively affects NIM, but the magnitude of coefficient is weak. The combined
coefficient of FinTech on ROAA is 0.0056892439, on ROAE is 0.046189661, and on NIM is -
0.0087926430. Despite the distinct signs & weak magnitude of the coefficient, we find that these

impacts are statistically insignificant.

Apart from the primary independent variable, ROAA of our sample banks is positively affected
by capitalization ratio. The association is statistically significant at 1% significance level. The
coefficient suggests that a 1 percentage point increase in capitalization ratio increases ROAA by
0.05 percentage points, holding other things constant. On the contrary, Non-Performing Loan,
Cost-to-Income and Inflation are found to negatively impact the incumbent banks' ROAA. The
finding is consistent with our conceptual expectation. Out of these three variables, the magnitude
of coefficient is the highest in terms of non-performing loan where a 1 percentage point increase
in non-performing loan is associated with a 0.45 percentage point decrease in ROAA. The
relationship is highly statistically significant at 0.1% level. Similarly, cost-to-income is negatively
associated with ROAA with high statistical significance at 0.1% significance level. The results
suggest that a 1 percentage point decrease in efficiency leads to 0.05 percentage point reduction in
ROAA. Likewise, inflation is also found to negatively impact the incumbent's ROAA. The
coefficient indicates that a 1 percentage point increase in inflation is associated with a 0.07
percentage points decrease in profitability measured by ROAA which is highly significant at 0.1%
significance level. These findings are significant considering the average ROAA of our sample
banks is 0.85%. Other factors such as bank size, liquidity ratio and real GDP growth rate are found

to have statistically insignificant impact on ROAA of our sample banks.
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Likewise, our study finds that the profitability measure ROAE is statistically associated with
capitalization ratio, non-performing loan, cost-to-income and inflation rate. The magnitude of
these coefficients is more pronounced than in terms of ROAA. To begin with, the coefficient of
capitalization ratio on ROAE is 0.66 which is statistically significant at 1% significance level. This
suggests that a 1 percentage point increase in capitalization ratio is associated with a 0.66
percentage points increase in ROAE. On the contrary, non-performing loans are found to
negatively impact ROAE with high statistical significance at 0.1% significance level. The
coefficient indicates that a 1 percentage point increase in NPL leads to a 4.09 percentage points
reduction in ROAE which is a significant impact considering the average ROAE of our sample
banks is 6.24%. Similarly, cost-to-income and inflation ratio are also highly statistically (at 0.1%
significance level) related to ROAE. The coefficient on efficiency suggests that a 1 percentage
point reduction in efficiency is associated with a 0.38 percentage point decrease in ROAE, whereas
the impact of rising inflation is even severe, with a 1 percentage point rise in inflation is found to
decrease ROAE by 0.58 percentage points. Other variables such as bank size, liquidity ratio and
real GDP growth rate are found to have statistically insignificant relationship with ROAE.

In terms of the Net Interest Margin, bank size and cost-to-income have high statistically significant
relationship (at 1% significance level). The results suggest that a 1 % increase in bank size is
associated with a 0.00012 percentage points decrease in Net Interest Margin. This finding is
economically justifiable since larger banks are highly involved in diversification of revenue
sources. They are more exposed to competition because of their presence in one or more markets
and to cope with the competition, they price their products aggressively. Moreover, through
diversification, these banks rely less on traditional sources of earnings and benefit from having a
significant proportion of non-interest income in their accounts. In addition, larger banks enjoy the
benefits of economies of scale, which allows them to operate efficiently and accept lower margins.
Similarly, the efficiency represented by cost-to-income ratio is found to have negative relationship
with net interest margin. The coefficient on cost-to-income ratio is -0.053 and is highly significant
at 0.1% significance level. The result represents that a 1 percentage point decrease in efficiency
leads to a 0.05 percentage point decrease in net interest margin. The economic interpretation is
that banks with higher cost-to-income represent higher operating costs in relationship to operating
income. Due to management or operational inefficiency, these banks may fail to price loans

effectively and become unable to sustain their margins. Moreover, due to competitive pressure,
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they might be unable to pass on their increased costs to the customers, which compresses their
interest margins. In addition to these parameters, capitalization ratio, non-performing loan and
inflation are positively associated with NIM and the relationship is significant at 10% significance
level, whereas liquidity ratio is negatively associated with NIM, but the relationship is not

statistically significant.

4.3.Effect of alternative lending & bank-specific characteristics on profitability
of incumbent banks

We explore how different banks are affected differently due to the development in alternative
lending using the interaction term between our primary independent variable and bank-specific
characteristics. We use three different models as mentioned in sections above to separately
estimate how the impact varies among banks with varied size growth, how well capitalized banks
withstand the competitive pressure in relation to low capitalized banks and how banks that exhibit
significant operational efficiency cope with the fintech competition than the banks with weak

efficiency indicators. The findings of regression models are presented below:

TABLE 16: REGRESSION SUMMARY (INTERACTION MODEL 1)

Estimated Parameters Profitability Indicators
ROAA ROAE NIM
0.0028741 -0.013054 -0.01481116**
FinTech (0.0028898) (0.026756) (0.00499268)
0.0120125 0.471026%* 0.01401482
FinTech*BankSizeDiff | (0.0160524) (0.224471) (0.01875055)
-0.2726216 -10.929563* -0.33637585
BankSizeDiff (0.3735716) (5.214985) (0.43632424)
0.0567409** 0.705074** 0.03567521*
Capitalization Ratio | (0.0205917) (0.268226) (0.01742117)
-0.4555976*** -4.083754*** 0.10521347.
Nonperforming Loan | (0.0359237) (0.347923) (0.05987308)
-0.0517886*** -0.385855%** -0.05177623***
Cost to Income (0.0059032) (0.04582) (0.01113361)
-0.003204 -0.031787 -0.00850408
Liquidity Ratio (0.0054049) (0.047967) (0.0123184)
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Real GDP  Growth | 90109013 0.100679 0.00047038

Rate (0.0151075) (0.109236) (0.02534695)
-0.0707262%** -0.543924 % 0.06551805.

Inflation (0.0144123) (0.117938) (0.03616709)

N 560 560 560

R’ 0.7241 0.6157 0.4134

Adjusted R 0.6982 0.5760 0.3584

Significance codes: *** p < 0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations

The result of the regression analysis shows that FinTech has a positive association with the overall
profitability, i.e. ROAA of incumbent banks. The coefficient suggests that a 1% increase in
FinTech development is associated with a 0.000029 percentage point increase in ROAA. The
impact is very small, and the findings are not statistically significant. In contrast, the growth in
bank size has a negative impact on the ROAA of banks in our sample. The coefficient suggests
that a 1% increase in bank size difference is associated with an approximate 0.0023 percentage
points decrease in overall profitability. But similar to the impact of FinTech, the impact of bank
size difference is also statistically insignificant. The interaction effect of bank size difference and
fintech on ROAA is also found to be positive, but statistically insignificant. The positive
coefficient of the interaction term suggests that as growth in bank size increases, the impact of
fintech on ROAA increases. The marginal effect of fintech & bank size on ROAA is positive at
higher level of growth in bank size which suggests that as banks experience increase in their sizes,
they are able to generate positive impact of the fintech competition on their overall profitability.

The finding, though suggests a positive association, is not statistically significant.

While fintech is found to have a positive relationship with ROAA, it is observed that it is negatively
related to the profitability measured by ROAE, though the relationship is statistically insignificant.
The coefficient suggests that a 1% increase in fintech competition leads to an approximate 0.0013
percentage point decline in ROAE. In contrast, the growth in bank size is found to be negatively
related to the ROAE with the relationship statistically significant at 5% significance level. The
coefficient suggests that a 1% increase in growth in bank size is associated with a 0.1093

percentage point decrease in ROAE. The decline is economically significant as the average ROAE
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of our sample banks is 6.24%. More importantly, the statistically significant interaction term
reflects that growth in bank size results in a positive impact of fintech competition on ROAE. The
marginal impact of fintech and bank size growth in ROAE is that the larger banks are positively
impacted by the fintech development.

The profitability of incumbent banks measured as Net Interest Margin (NIM) is found to be
negatively affected by the fintech competition. Statistically significant at 1% significance level,
the coefficient suggests that a 1% increase in fintech is associated with an approximate 0.0015
percentage points decline in NIM. This is economically rational as alternative lending, and fintech
firms exert pressure on the interest margin of incumbent banks through competitive pricing. It is
also observed that growth in bank size is negatively associated with NIM, though it lacks statistical
significance. It is also plausible since larger banks tend to have diversified income, offer
competitive interest rates and generate significant portion of non-interest income. Similarly, the
interaction terms of fintech and bank size difference on NIM is positive which indicates that when
banks size increases, fintech competition has positive impact on NIM, but the finding isn't

statistically supported.

In addition, the findings show that capitalization ratio is statistically significant (at 1% level) and
positively related to the ROAA which suggests that a highly capitalized bank is able to expand its
business, diversify, absorb shocks more effectively and remain profitable overall. It is also
observed that the capitalization ratio is positively associated with both ROAE and NIM, but with
different levels of statistical significance. The coefficient suggests that a 1%-point increase in
capitalization ratio leads to an approximate 0.71 percentage point increase in ROAE and the
finding is highly significant at 1% significance level and 0.036 percentage point increase in NIM,

with statistical significance at 5% level.

As per our expectation, the results showed a statistically significant negative association between
non-performing loan, cost-to-income and inflation with the profitability of incumbent banks. The
findings reveal that non-performing loans have high statistically significant negative association
with ROAA and ROAE which is economically meaningful since increased non-performing loans
reduce profitability by increasing both direct and indirect expenses and reducing interest income.
It is observed that a 1%-point increase in non-performing loans is associated with approximately

0.46 percentage points decrease in ROAA and a 4.08 percentage points decrease in ROAE. The
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findings are statistically significant at 0.1% significance level. In terms of ROAE, the impact is
severely critical considering the average ROAE of our sample banks of around 6.24%. In terms of
NIM, the non-performing loan is found to have a positive impact, indicating a 1%-point increase
in NPL leading to around 0.11 percentage point increase in NIM. Even though the finding is
borderline significant at 10% significance level, the finding is economically logical considering

the risk-return trade off theories.

Another significant finding in the model is that the efficiency indicator, i.e. cost-to-income ratio is
negatively associated with all measures of profitability and with similar significance level, i.e.
0.1%. The coefficients suggest that a 1%-point increase in cost-to-income ratio is associated with
an approximate decrease of 0.05%-point in ROAA, 0.39%-point decrease in ROAE and 0.05%-
point decrease in NIM. Out of the profitability measure, ROAE is found to be impacted by greater

extent by the operational inefficiencies.

The profitability measures such as ROAA and ROAE are negatively impacted by the inflation as
well. The finding indicating high statistical significance at 0.1% significance level indicates that a
1%-point increase in inflation causes ROAA to fall by 0.07%-point and ROAE by 0.54%-point.
Interestingly, NIM is found to be positively impacted by inflation, however, the finding is
borderline significant at 10% significance level. This reflects the information asymmetry whereby
banks can predict inflation earlier than the customers and adjust their interest rates accordingly
and this leads to increased interest margin. But the overall expenses rise at an increasing rate

leading to negative impact on the broader profitability measures.

TABLE 17: REGRESSION SUMMARY (INTERACTION MODEL 2)

Estimated Parameters Profitability Indicators

ROAA ROAE NIM

0.0078685 0.0085784 0.01066917
FinTech (0.0083873) (0.0528874) (0.00955222)
FinTech*Capitalization | .0.0303235 0.1165371 -0.18266686***
Ratio (0.068233) (0.4334806) (0.04877136)

0.7603963 -2.0067461 4.27531001***
Capitalization Ratio (1.5785756) (10.0699512) (1.12704749)
BankSizeDiff 0.0064659. 0.0195406 -0.01140647*
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(0.0035175) (0.0383399) (0.00464168)
-0.4557466%** -4.07508927%** 0.10340327.
Non-performing Loan | (0.0358343) (0.3574358) (0.0602464)
-0.0518577%** -0.3783219%** -0.05301276%**
Cost to Income (0.0060796) (0.0460846) (0.01104007)
-0.0032824 -0.022592 -0.0099794
Liquidity Ratio (0.0055465) (0.0447161) (0.01238298)
Real GDP  Growth | 00100213 0.0541597 0.00079897
Rate (0.0153056) (0.1218154) (0.0256548)
-0.0714589%** -0.5776149%** 0.06522287.
Inflation (0.0145136) (0.1274318) (0.03669857)
N 560 560 560
R? 0.7240 0.6094 0.4228
Adjusted R? 0.6981 0.5727 0.3686

Significance codes: *** p < 0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations

The finding of our second interaction model indicates a heterogenous impact of fintech on
differently capitalized banks. The results suggest that fintech competition has positive but
statistically insignificant effect on all three profitability measures. Alternatively, capitalization
ratio is found to have diverse impact on ROAA, ROAE and NIM. It is observed that capitalization
ratio has positive association with ROAA, but negative impact on ROAE. Both effects, however,
are not statistically supported. Interestingly, capitalization is found to have a highly significant
positive relationship with NIM. The coefficient suggests that a 1%-point increase in capitalization
is associated with an approximate 4.27%-points increase in NIM. The resultant is significant
considering the average NIM of our sample banks is 3.41%. The findings reflect that banks with
higher level of capitalization are usually perceived safer by depositors and investors, which enables
them to keep lower funding costs. Similarly, well-capitalized banks can increase their portfolio as
well as absorb any losses effectively. They have sufficient financial means to take more risks. All

of this helps them to earn increased margins.
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The interaction coefficient, however, shows a different impact on profitability of incumbent banks.
Though statistically insignificant, the interaction effect shows that ROAA of highly capitalized
banks are more negatively affected by fintech development, whereas their ROAE is more
positively affected. Among the findings, it is important to note that the NIM of well capitalized
banks are more susceptible to the negative effect of increased alternative lending, including fintech
competition. The interaction coefficient is less than 0 and is highly significant at 0.1% significance
level. The marginal effect suggests that banks with significant capital experience a decline in their
interest margin. The plausible explanation might be that well capitalized banks rely more on
traditional financial models and thus are affected by fintech-induced competition. Accordingly,
cost of equity is usually higher than cost of debt, so banks with higher capital tend to have higher
cost of funding and thus are exposed to compression in their interest margin due to increased

fintech competition.

Our model shows that overall banking profitability is affected by different bank-specific
characteristics and macro-economic factors, especially inflation. The growth in bank size is found
to have a borderline significant positive impact on ROAA, but the impact is positive but
statistically insignificant in terms of ROAE. However, the increase in bank size is found to be
statistically significant at 5% level in relation to the incumbent banks' NIM. The coefficient
suggests that a 1% increase in bank size growth leads to an approximate 0.00011%-point reduction

in NIM.

On the contrary, both ROAA and ROAE are negatively affected by non-performing loans with
coefficients suggesting a 1%-point increase in NPL leading to a 0.46%-point decrease in ROAA
and a 4.07%-point decline in ROAE. The results are significant at 0.1% significance level.
Conversely, NPL is found to be positively related to NIM with a 1%-point increase in NPL leading

to roughly a 0.10%-point increase, however, the finding is borderline significant at 10% level.

Similar to the findings of our previous models, the cost-to-income, or the efficiency indicator, is
found to have a highly significant negative association with all three profitability measures. The
coefficient suggests that at 1%-point increase in cost-to-income ratio is estimated to reduce ROAA
by 0.05%-point, ROAE by 0.38%-point and NIM by 0.05%-point, with the finding being
statistically significant at 0.1% level. Moreover, ROAA and ROAE are found to be negatively

affected by inflation. The highly significant relationship suggests that a 1%-point increase in
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inflation leads to a 0.07%-point decline in ROAA and a 0.58%-point decline in ROAE. The impact

of inflation on NIM, however, is positive but borderline significant at 10% significance level. The

liquidity ratio and real GDP growth rate are found to impact profitability negatively and positively

respectively, but the impact is not statistically supported.

TABLE 18: REGRESSION SUMMARY (INTERACTION MODEL 3)

Estimated Parameters

Profitability Indicators

ROAA ROAE NIM
-0.0183464* -0.082892 -0.0312624.
FinTech (0.0078042) (0.087739) (0.0163151)
FinTech*Cost to | 0.0304778%** 0.147132 0.0241382
Income (0.0089491) (0.117036) (0.0231915)
-0.7609813%** -3.803688 -0.6133887
Cost to Income (0.2030046) (2.738795) (0.5311827)
0.0058602 0.015475 -0.0111975%
BankSizeDiff (0.0035628) (0.039865) (0.0049451)
0.0597383%* 0.71349%% 0.0379832*
Capitalization Ratio | (0.0205415) (0.269872) (0.0188087)
-0.4564904%** -4.081601 % 0.1045768.
Nonperforming Loan | (0.0357066) (0.355726) (0.058985)
-0.0033379 -0.025331 -0.0085327
Liquidity Ratio (0.0054843) (0.046353) (0.0126255)
Real GDP  Growth | 0.0080575 0.047099 -0.0022161
Rate (0.016446) (0.127249) (0.0256327)
-0.0691293%%** -0.56537%% 0.0664651.
Inflation (0.0144308) (0.122745) (0.0380079)
S 560 560 560
R2 0.7284 0.6107 0.4157
Adjusted R 0.7029 0.5741 0.3608

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations
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In our third model, we explore the impact of interaction between Fintech competition and cost-to-
income ratios on the important profitability indicators of incumbent banks. The findings show that
only ROAA is negatively impacted by alternative lending, including FinTech activity as the
coefficient is statistically significant at 5% level. The coefficient suggests that a 1% increase in
fintech competition results in a 0.0018%-point decline in ROAA of traditional banks. Similar to
the impact on ROAA, the impact of Fintech on ROAE is negative but isn't supported with statistical
significance. In contrast, it is revealed that NIM of incumbent banks is negatively affected by
fintech and the coefficient suggests that a 1% increase in fintech competition leads to a 0.0031%-
point decrease in NIM. However, the findings are weakly significant at 10% level. The bank-
specific characteristic, specifically, the cost-to-income ratio is negatively related to all three
profitability measures, but with different intensity. With high statistical significance at 0.1% level,
this efficiency indicator is found to decrease ROAA by 0.76%-point in response to a 1%-point
increase in the cost-to-income ratio. The negative impact is observed in both ROAE and NIM but

isn't statistically significant.

Furthermore, the coefficient of interaction term is greater than zero in case of asset-based
profitability measure which suggests that fintech positively affects the ROAA of highly inefficient
banks. This reflects that increase in fintech competition encourages highly inefficient banks to
innovate and adopt technology to increase their efficiency and this in return increases their overall
profitability. The marginal impact of the interaction of fintech & operational efficiency indicator
on ROAE and NIM is also observed to be positive in case of inefficient banks, but the result isn't

statistically significant.

Among the bank-specific and macroeconomic factors, growth in bank size is found to be
statistically significant with NIM at 5% significance level. The coefficient suggests that a 1%
increase in bank size growth is estimated to decrease NIM by approximately 0.00011%-point.
Furthermore, capitalization ratio is found to positively impact ROAA, ROAE and NIM with 1%
significance level for ROAA and ROAE and 5% significance level for NIM. The coefficient
suggests that a 1%-point increase in capitalization leads to a 0.06%-point increase in ROAA,

0.71%-point increase in ROAE and a 0.038%-point increase in NIM.

As with the previous models, non-performing loans are estimated to negatively impact ROAA and

ROAE but positively impact NIM. The coefficient, which is highly significant at 0.1% level for
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both ROAA and ROAE, suggests that a 1%-point increase in non-performing loan leads to a
0.046%-point decrease in ROAA and 4.08%-point decrease in ROAE. However, the impact of
non-performing loan on NIM is positive at 10% significance level with the coefficient suggesting
that a 1%-point increase in non-performing loan leads to 0.10%-point increase in NIM. This model
also finds similar impact of inflation on profitability measures. At high significance level of 0.1%,
inflation negatively affects ROAA and ROAE. The coefficient suggests that a 1%-point increase
in inflation leads to a 0.069%-point decrease in ROAA and 0.57%-point decrease in ROAE. On
the contrary, inflation is expected to positively impact NIM indicating a 1%-point increase in
inflation leads to a 0.067%-point increase in NIM, however the impact is borderline significant at

10% significance level.

4.4.Robustness Tests

We conducted several robustness checks in order to examine and validate our previous findings.
We estimated our baseline regression model using the fixed effect parameters based on Hausmann

Test.

4.4.1. Random Effect Model
Thus, to begin with, we re-estimated our regression using random effect model. We performed the

heteroskedasticity test, serial correlation and cross-sectional dependence after estimating the

model and the p-value of the tests were less than 0.05 (See Appendix I for test statistics).

This leads us to reject the null hypothesis indicating that our model has heteroskedasticity, serial
correlation and cross-sectional dependence. This further indicates that the standard OLS
assumptions are violated, and the reported coefficients and conventional standard errors may report
unreliable results. To account for these issues, we used Driscoll-Kraay robust standard errors as

they are robust to heteroskedasticity, serial autocorrelation and cross-sectional dependence.

The following table shows our baseline estimation results and the result derived from random

effects estimates.
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TABLE 19: ROBUSTNESS TESTS (RANDOM EFFECTS MODEL)

Estimated ROAA ROAE NIM
Parameters Fixed effects Random effects Fixed effects Random effects | Fixed effects Random effects
Intercept -0.03331097 -0.07616 0.3872825%*
(0.05272433) (0.425798) (0.1300291)
FinTech 0.0038223 . 0.00308351 0.024128 0.01603 -0.01370483** | -0.0140062*
(0.0020460) (0.00230442) (0.016409) (0.0187) (0.00529598) (0.0055858)
Size (First 0.0065976 . 0.00828506%** 0.019035 0.022816 -0.0106135* -0.0080242*
differenced) (0.0036641) (0.00300118) (0.038966) (0.030586) (0.00493952) (0.0039677)
Capitalization 0.0565649** 0.05055499** 0.69817** 0.322238 0.03546981* 0.0522272%**
Ratio (0.0201539) (0.01653316) (0.264795) (0.242399) (0.01712116) (0.0157621)
Non-Performing | -0.4554097*** | -0.43855334*** | -4.076384*** -4.174626%** 0.10543276. 0.1361321*
Loan (0.0359082) (0.0420648) (0.355733) (0.425071) (0.05996871) (0.0600172)
Liquidity Ratio -0.0029975 -0.00098251 -0.023687 -0.02747 -0.00826308 -0.005709
(0.0053337) (0.00595717) (0.045061) (0.036729) (0.01237816) (0.0201355)
Cost-to-Income | -0.0516198%** | -0.04459832%** | -0.379236%** -0.309848%** - -0.047926%**
(0.0059686) (0.00592073) (0.045669) (0.031717) 0.05157929*** | (0.0094228)
(0.01099082)
Real GDP 0.0097422 0.01326214 0.055232 0.086349 -0.00088183 0.0022446
growth rate (0.0153938) (0.01665597) (0.123885) (0.142452) (0.02565884) (0.0261047)
Inflation -0.0715742%** | -0.06763427*** | -0.577172%** -0.535189%** 0.06452879 . 0.0668758.
(0.0143650) (0.01319683) (0.126562) (0.120076) (0.03661445) (0.0376273)
N 560 560 560
R? 0.7130 0.5735 0.3727
Adjusted R? 0.7088 0.5673 0.3636

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations

As a robustness check, the baseline fixed effects results are compared with estimates from the

random effects model. The robustness results confirm that the coefficient in FinTech remains

positive, but statistically insignificant in terms of Return on Average Assets while applying the

random effects model. In our baseline estimation using the fixed effects model (Based on the

Hausmann Test), the coefficient of FinTech on the ROAA is positive and statistically significant

at 10% level. However, in the random effects model, both the sign and magnitude of the coefficient

of FinTech on ROAA is positive & similar but is statistically insignificant. Similarly, in the fixed
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effects model, bank size integrated of order one has a positive impact on profitability measured by
ROAA which was significant at 10% level, but in the random effect model, the coefficient is
positive and statistically significant at 5% level. Moreover, the signs and significance level of
coefficients of capitalization ratio, non-performing loans, cost-to-income ratio and inflation rate

are identical in both the specifications.

Similarly, both our fixed effects and random effects model reflect that the coefficient of FinTech
on ROAE is positive but statistically insignificant. On the contrary, the capitalization ratio which
was significant at 1% level in the fixed effect model, is statistically insignificant in the random
effect model, though the coefficient is positive in both the specifications. Apart from that, the

magnitude, sign and statistical significance of all other variables is similar in both the models.

Lastly, the FinTech variable is found to have a statistically significant (at 1% level) negative impact
on NIM in the fixed effect model, which, in the random effect model, is negative and statistically
significant at 5% level. The magnitude of the coefficient is similar in both the models. Another
notable distinction between the models is that the capitalization ratio which was statistically
significant (at 5% level) and positively related to NIM in the fixed effects model is now statistically
significant at 0.1% level with slight increase in magnitude of the coefficient. Similarly, non-
performing loans have a positive relation with NIM at 10% significance level in FE, but a
statistically significant positive relationship with NIM at 5% significance level in random effect
model. While the significance level, sign and magnitude of other variables is similar in both FE

and RE specifications.

Overall, the magnitude of the coefficient is slightly changed but remains economically meaningful.
Control variables such as bank size, capitalization, non-performing loans, cost-to-income and
inflation retain their expected signs and remain broadly consistent with the baseline results,

indicating that the findings are not driven by model specification.

4.4.2. Using CCAF data as fintech proxy for sub-sample period (2015-2020)
We have used the annual non-bank consumer credit data as the proxy for alternative lending,

including FinTech activity, for our study due to data limitations. However, we have obtained the
annual FinTech lending data for Denmark from 2015-2020 from CCAF's website. The data
consists of annual volume of P2P lending and Balance sheet lending in US dollars. We converted

the value in DKK using the official conversion rate published by Statistics Denmark. Further, we
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have obtained the natural logarithm of the value, so we have used the natural log of FinTech data

obtained from CCAF for a sub-period of 2015-2020 (only for this robustness test) as our primary

independent variable. The findings of the regression analysis are presented below.

TABLE 20: ROBUSTNESS TEST (USING CCAF'S DATA)

Estimated ROAA ROAE NIM
Parameters Baseline CCAF_Data Baseline CCAF_Data Baseline CCAF_Data
FinTech 0.0038223 . 0.024128 -0.01370483**
(0.0020460) (0.016409) (0.00529598)
CCAF Data 0.00050693. 0.0030951 -0.0017382***
(0.00029518) (0.0022294) (0.0003121)
Size (First 0.0065976 . 0.00241384 0.019035 -0.0121773 -0.0106135* -0.00356
differenced) (0.0036641) (0.00344917) (0.038966) (0.0197426) (0.00493952) (0.0056022)
Capitalization 0.0565649** 0.10083704*** 0.69817** 0.1580389 0.03546981%* 0.104585%**
Ratio (0.0201539) (0.02721467) (0.264795) (0.1410388) (0.01712116) (0.0244212)
Non-Performing | -0.4554097*** | -0.3217127*** -4.076384*** -2.7999959*** | 0.10543276. 0.137494%*
Loan (0.0359082) (0.04353332) (0.355733) (0.2226889) (0.05996871) (0.0610685)
Liquidity Ratio -0.0029975 -0.00755375* -0.023687 -0.0986074** -0.00826308 -0.0403946%***
(0.0053337) (0.00321767) (0.045061) (0.0337076) (0.01237816) (0.0035714)
Cost-to-Income -0.0516198*** -0.379236%** -
(0.0059686) -0.02307084*** | (0.045669) -0.1990736*** | 0.05157929*** | -0.0145218%**
(0.00213848) (0.0267932) (0.01099082) (0.00393)
Real GDP 0.0097422 0.0461225%** 0.055232 0.3543003*** | -0.00088183 0.067995%**
growth rate (0.0153938) (0.00520238) (0.123885) (0.039827) (0.02565884) (0.013035)
Inflation -0.0715742%*** | 0.1298775%* -0.577172%** 0.7699717** 0.06452879 . -0.3883184***
(0.0143650) (0.04703851) (0.126562) (0.2863816) (0.03661445) (0.0549341)
N 240 240 240
R? 0.4661 0.433 0.6065
Adjusted R? 0.3354 0.2942 0.5101

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations

The results of the regression analysis indicate that the impact of both FinTech proxies on the bank

profitability is quite similar in terms of statistical significance. In our baseline regression, the

fintech proxy is positively associated with ROAA and ROAE but negatively associated with NIM
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with borderline significance with ROAA (at 10% level), no significance with ROAE but highly
significant with NIM (at 1% level). The result of the analysis using CCAF data (sub-sample)
resulted in similar relationships. It is found that alternative lending is positively related to ROAA
and is significant at 10% significance level, is positively related to ROAE but not significant and
highly significant negatively related to NIM at 0.1% significance level. The magnitude of
coefficients in our robustness tests is weaker than our baseline estimations primarily because the

robustness test considers sub-sample period.

In terms of ROAA, the result of robustness test follows a similar sign but different magnitude of
coefficients for control variables. The ROAA is found to have statistically significant relationship
with liquidity ratio, and real GDP growth rate which was insignificant in our baseline estimation.
Likewise, the impact of inflation on ROAA was negative in our previous estimation, which is now

observed to be positive.

With respect to the ROAE, capitalization ratio which was found to be statistically significant
earlier is now observed to be statistically insignificant in robustness test. On the contrary, liquidity
ratio and real GDP growth rate are observed to have statistically significant relationship with
ROAE. Likewise, the coefficient of inflation for ROAE has now changed the sign but is

statistically significant.

Similarly, bank size difference which was statistically significant with NIM is now found to be
statistically insignificant. As with the ROAA and ROAE, liquidity ratio and real GDP growth rate
are found to be statistically significant with NIM in our robustness test and more importantly, the
inflation is observed to have a highly significant negative relationship with the NIM in our current

estimation which was a borderline positive in our baseline results.

Nonetheless, our primary findings remain unchanged despite change in the proxy for alternative

lending which provides further evidence on our existing findings.

4.4.3. Scaling FinTech proxy in terms of overall economy
The next robustness test we performed is by examining the impact of non-bank consumer credit in

relation to overall economy. We scaled the alternative lending volume in terms of annual real GDP
and used it as a proxy for alternative lending, including FinTech activity as our primary
independent variable. Prior estimating the regression coefficients, we tested the variable for

stationarity as non-stationary variables lead to spurious regression results. We performed both Im-
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Pesaran-Shin and Levin-Lin-Chu stationarity tests with lag size determined through AIC setting

maximum lag to 2. The p-value of both the test statistics are greater than significance level of 0.05

indicating that the variable is non-stationary. To achieve stationarity, the variable is transformed

by taking its first differences, and after taking first difference, the variable becomes stationary

(Test results are in appendix). Therefore, we include the first difference of the variable

fintech/GDP in regression model. Furthermore, we checked the multicollinearity of the new

fintech proxy variable with other dependent and control variables using Variance Inflation Factor

and the test revealed that there is no serious issue of multicollinearity (See Appendix II for

results). We have further implemented the Driscoll-Kraay robust standard errors to consider for

potential heteroskedasticity, serial correlation and cross-sectional dependence present in the

model. The summary of regression using fixed effects model is presented hereunder:

TABLE 21: ROBUSTNESS TEST (SCALED PROXY)

Estimated ROAA ROAE NIM
Parameters Baseline Scaled Baseline Scaled Baseline Scaled
FinTech 0.0038223 . 0.024128 -0.01370483**

(0.0020460) (0.016409) (0.00529598)
FinTech/GDP 0.90359663*** 6.209635%** -1.7079795*
(1) (0.18616851) (1.4272344) (0.7648468)
Size (First 0.0065976 . 0.00643595. 0.019035 0.0177751 -0.0106135* -0.0107589*
differenced) (0.0036641) (0.00366635) (0.038966) (0.0391504) (0.00493952) (0.0045224)
Capitalization 0.0565649** 0.05668315%* 0.69817** 0.6997132%%* 0.03546981%* 0.0374584.
Ratio (0.0201539) (0.01994682) (0.264795) (0.2642473) (0.01712116) (0.0194408)
Non-Performing | -0.4554097*** | -0.45870571**% | -4.076384%*** -4.0951806*** | 0.10543276. 0.1233375.
Loan (0.0359082) (0.03763943) (0.355733) (0.3733536) (0.05996871) (0.0654151)
Liquidity Ratio -0.0029975 0.00050837 -0.023687 -0.0010633 -0.00826308 -0.0193392

(0.0053337) (0.00490952) (0.045061) (0.0425667) (0.01237816) (0.0134082)
Cost-to-Income -0.0516198*** -0.379236%** -

(0.0059686) -0.05139166*** | (0.045669) -0.3782368*** | 0.05157929%** | -0.0537307***

(0.00613177) (0.0455396) (0.01099082) (0.0101783)

Real GDP 0.0097422 0.01421241 0.055232 0.0884186 -0.00088183 -0.0018586
growth rate (0.0153938) (0.01094853) (0.123885) (0.0867673) (0.02565884) (0.0488391)
Inflation -0.0715742*** | -0.05402659*** | -0.577172%** -0.4595374*** | 0.06452879 . 0.0224111

(0.0143650) (0.01383463) (0.126562) (0.1230215) (0.03661445) (0.0454671)
N 560 560 560
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RZ

0.7271 0.6116

0.3911

Adjusted R? 0.7021 0.5760

0.3352

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations

The FinTech-to-GDP ratio is first differenced to remove stationarity and therefore, the estimated
coefficients capture the impact of changes in FinTech intensity on bank profitability rather than
long-run level effects. The results show that the increase in fintech activity in relation to overall
economy has a statistically significant positive relationship with the incumbent bank's profitability
as measured by Return on Average Assets and Return on Average Equity. The coefficients suggest
that a 1 unit increase in fintech-to-GDP ratio increases incumbent bank's ROAA by 0.9036
percentage points, while a 1 unit increase in fintech-to-GDP ratio increases ROAE by a significant
6.20 percentage points. The sign and magnitude of coefficients are statistically significant at 0.1%
level. On the contrary, the results show a statistically significant negative relationship between
fintech-to-GDP ratio on Net Interest Margin of the incumbent banks. The coefficient explains that
a 1 unit increase in the fintech intensity leads to a 1.70 percentage point decrease in net interest

margin of the incumbent banks, which is statistically significant at 5% level.

The findings, however, are in contradiction with our initial findings using absolute volume of
alternative lending (incl. FinTech) as our primary independent variable. Our baseline results
indicate that alternative lending, including FinTech, doesn't have statistically significant impact on
both ROAA and ROAE. The magnitude of coefficients was also weak despite their positive sign.
However, the previous findings corroborate with current findings in terms of NIM, though the
earlier result suggested a mild negative impact which was statistically significant at 10% level.
The reason behind such differences in result can be explained by the fact that the two variables
FinTech and first difference of FinTech-to-GDP ratio are two different measures. While the former
focuses on absolute value, the latter is a measure of fintech in relation to overall economy.
Statistically speaking, the fintech variable is in levels which means it helps to capture long-term
relationships, whereas the first difference of fintech-to-GDP ratio aims at capturing short-term

dynamics.

The results are meaningful in economic sense as well. Particularly in the short run, when

competition from fintech increases, banks focus on increasing their operational efficiency to cope
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with the competition. As noted by Srivastava (2026), banks have invested a significant amount of
capital towards digital transformations such as developing mobile banking platforms and
automation initiatives over the past decades, which may enhance profitability through cost
reduction and increased scalability. As noted in the regression, cost efficiency measured by cost-

to-income ratio is negatively associated with the profitability measures.

Secondly, fintech adoption and investment allow banks to generate income from sources other
than traditional interest-based income such as fees and commissions from digital payment,
technology-based products and services. Thus, the increased pressure from fintech is linked with
incumbent bank's diversifying their revenue streams leading to increase in profitability measured
in terms of assets and equity. On the other hand, fintech firms usually have asset light models and
operate digitally. This helps them to offer lending solutions with relatively cheaper interest rates
and to cope with the competition, incumbent banks also lower their interest rates. Thus, the

increasing intensity of fintech is associated with negative impact on the net interest margin.

The robustness test resulted in a different association with profitability measures in relation to our
baseline model. The difference is primarily due to the measurement and transformation of key
independent variables. The baseline model uses level of fintech lending volume, whereas the
robustness model uses fintech volume which is scaled in relation to the GDP. This distinction leads
to statistically significant association between fintech-to-GDP ratio and profitability measures in
the robustness model. However, both the baseline and robustness model resulted in a statistically
significant negative relationship with the net interest margin, which indicates that alternative

lending, including fintech, has an impact on traditional income source.

4.4.4. Using one-period lagged FinTech proxy
Alternative lenders, including FinTech, not only create competition, but also opens opportunities

for collaboration between traditional banks and new digitally innovative firms. In Denmark, it is
not uncommon for banks to collaborate with fintech firms for developing innovative solutions
(Copenhagen FinTech, n.d.) and banks usually invest in fintech startups. The traditional financial
institutions and technology driven fintechs should collaborate for the betterment of Danish
FinTech landscape. This leads us to the problem of endogeneity or reverse causality. For example,
banks could increase their operational efficiency through collaboration with fintech and increase

profitability or banks could invest in startups that directly increase competition on the one hand,

83



but increases investment revenue for the banks, on the other hand. Thus, to address the potential

reverse causality, we perform a robustness test using our primary independent variable, i.e. fintech,

which is lagged by one period following Naceur et al., (2023). This approach ensures that current

bank profitability is explained by past FinTech activity, thereby mitigating potential reverse

causality and capturing the delayed impact of FinTech on bank performance.

TABLE 22: ROBUSTNESS TEST (LAGGED PROXY)

Estimated ROAA ROAE NIM
Parameters Baseline Lagged Baseline Lagged Baseline Lagged
FinTech 0.0038223 . 0.024128 -0.01370483**
(0.0020460) (0.016409) (0.00529598)
FinTech Lagged -0.0020838 -0.0168904 0.00045849
by one period (0.0023897) (0.013948) (0.0083096)
Size (First 0.0065976 . 0.006799. 0.019035 0.0201901 -0.0106135* -0.01155297*
differenced) (0.0036641) (0.0036876) (0.038966) (0.0390308) (0.00493952) (0.00464074)
Capitalization 0.0565649** 0.0557226** 0.69817** 0.6936828** 0.03546981* 0.04004664*
Ratio (0.0201539) (0.0208015) (0.264795) (0.2671954) (0.01712116) (0.01963232)
Non-Performing | -0.4554097*** | -0.4648021*** -4.076384*** -4.1401664*** | 0.10543276. 0.1306757.
Loan (0.0359082) (0.0390825) (0.355733) (0.3839151) (0.05996871) (0.06854656)
Liquidity Ratio -0.0029975 0.0013697 -0.023687 0.0070047 -0.00826308 -0.01805689.
(0.0053337) (0.0045211) (0.045061) (0.0362987) (0.01237816) (0.01059704)
Cost-to-Income -0.0516198*** -0.379236*** -
(0.0059686) -0.0505991*** (0.045669) -0.3727827*** | 0.05157929*** | -0.05521901***
(0.0062936) (0.0471095) (0.01099082) (0.01010657)
Real GDP 0.0097422 0.004683 0.055232 0.0221283 -0.00088183 0.0150662
growth rate (0.0153938) (0.014264) (0.123885) (0.1043704) (0.02565884) (0.04674783)
Inflation -0.0715742%** | -0.0604363*** -0.577172%** -0.4963604*** | 0.06452879 . 0.04431203
(0.0143650) (0.0136419) (0.126562) (0.1197033) (0.03661445) (0.04749031)
N 560 560 560
R? 0.7207 0.6082 0.3675
Adjusted R? 0.6951 0.5723 0.3094

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations
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The robustness test results show that the fintech proxy which is lagged by one period doesn't have
statistically significant association with either of the profitability measures used in our study. The
findings of the robustness analysis confirm with the results of our baseline model in relation to the
profitability measured by Return on Average Assets and Return on Average Equity. However, the
coefficient is changed to negative and of weak magnitude. In terms of Net Interest Margin, the
robustness analysis revealed no statistically significant linkage, but our baseline model indicated

a statistically significant relation (at 5% level) between fintech and net interest margin.

The findings suggest that the impact of alternative lending, including FinTech activities, on
banking profitability is instantaneous rather than delayed. Our study uses annual data, and the
fintech is lagged by one period. This could mean that FinTech competition impacts bank
profitability in the same period rather than persistent long-run lagged effect. The result of the
robustness analysis resulted in coefficients of similar magnitude and statistical significance in
terms of other control variables used in this study except for liquidity ratio and inflation. The
liquidity ratio, which was not statistically significant with net interest margin in the baseline model,
is found to be statistically significant (at 10% level) in the robustness analysis. In contrast,
inflation, which was statistically significant at 10% level is found to be insignificant in the

robustness test, though the magnitude and sign of coefficients is similar for both the variables.

4.4.5. Using first-differenced liquidity ratio

We performed the baseline regression model considering the liquidity ratio variable in levels.
While testing the variable for stationarity, the Im-Pesaran-Shin test indicated that the variable was
borderline non-stationary (with p-value 0.05153), but the Levin-Lin-Chu test resulted in the
variable being stationary with p-value of 2.876e-05. We calculated the first difference of liquidity
ratio and tested stationarity using both IPS and LLC tests. The test was performed using lags set
by Akaike Information Criterion with maximum allowed lags being 2. The test statistics and p-
value of both the tests indicate that the first differenced liquidity ratio is stationary. Therefore, we
run robustness tests using the first differenced liquidity ratio as independent variable instead of the
liquidity ratio in levels. The summary of the model with Driscoll-Kraay robust standard errors is

presented below:
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TABLE 23: ROBUSTNESS TEST (LIQUIDITY RATIO I(1))

Estimated ROAA ROAE NIM
Parameters Baseline Liquidity Ratio Baseline Liquidity Ratio Baseline Liquidity Ratio
First Differenced First Differenced First Differenced
FinTech 0.0038223 . 0.0033322 0.024128 0.020682 -0.01370483** | -0.0140394**
(0.0020460) (0.0022274) (0.016409) (0.018623) (0.00529598) (0.00499006)
Size (First 0.0065976 . 0.0067319* 0.019035 0.019878 -0.0106135* -0.0107613*
differenced) (0.0036641) (0.0033256) (0.038966) (0.037886) (0.00493952) (0.0048666)
Capitalization 0.0565649** 0.0571816** 0.69817** 0.701711%** 0.03546981* 0.033996*
Ratio (0.0201539) (0.0201307) (0.264795) (0.26216) (0.01712116) (0.0166575)
Non-Performing | -0.4554097*** | -0.4509234*** -4.076384*** | -4.04504%** 0.10543276. 0.1080169.
Loan (0.0359082) (0.0338594) (0.355733) (0.362314) (0.05996871) (0.0612385)
Liquidity Ratio -0.0029975 -0.023687 -0.00826308
(0.0053337) (0.045061) (0.01237816)
Liquidity Ratio
(First 0.0102597 0.059653 -0.0227275*
Differenced) (0.0087176) (0.063102) (0.0093481)
Cost-to-Income -0.0516198*** -0.379236%** -
(0.0059686) -0.0518537*** (0.045669) -0.380648%** 0.05157929%** | -0.0511827***
(0.0060665) (0.04477) (0.01099082) (0.0103142)
Real GDP 0.0097422 0.0167839 0.055232 0.096589 -0.00088183 -0.0154934
growth rate (0.0153938) (0.0179323) (0.123885) (0.155829) (0.02565884) (0.0277374)
Inflation -0.0715742%** | -0.0694332*** -0.577172%** | -0.565843%** 0.06452879 . 0.0571204
(0.0143650) (0.0121765) (0.126562) (0.123771) (0.03661445) (0.036696)
N 560 560 560
R? 0.7257 0.6100 0.4210
Adjusted R? 0.7005 0.5742 0.3678

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors.

Source: Author's calculations

The result of robustness test yielded similar results as our baseline regression model. We used the

first difference of liquidity ratio to remove stationarity. The results showed that FinTech is

positively associated with both ROAA and ROAE, but with weak coefficient magnitude. However,

the association is statistically insignificant. In contrast, FinTech is found to have a statistically

significant negative association with NIM which is significant at 1% level. The finding, however,
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contradicts our baseline model in terms of ROAA in the sense that the impact of FinTech on ROAA

is borderline statistically significant at 10% level.

Another notable difference between the baseline model and the robustness test is the impact of
bank size (first difference) on ROAA. While the baseline model suggests a statistically significant
positive association at 10% level, the robustness test confirms that relationship but with higher
statistical significance, i.e. at 5% level. On the contrary, our baseline model indicated a negative
relationship between liquidity ratio and profitability (measured by ROAA, ROAE and NIM),
though it is statistically insignificant. However, the first difference of liquidity ratio which was
used in our robustness test to remove stationarity is found to be positively associated with the

profitability measured by ROAA and ROAE. The findings are still statistically insignificant.

In terms of NIM, the first differenced liquidity ratio is found to have a statistically significant (at
5% level) negative association. In this study, we have measured liquidity ratio as the ratio of liquid
assets to the total assets and the increase in liquidity ratio indicates that the proportion of liquid
assets (Cash & investment) increases in relation to the total assets. The finding is economically
justifiable since the increase in liquid assets naturally compresses interest margin because liquid

assets particularly investments generate less income than lending.

Overall, the robustness test indicates that FinTech compresses incumbent banks' interest margin

but doesn't find any significant linkage between FinTech and ROAA & FinTech and ROAE.

4.4.6. Time Trend Analysis
Our primary independent variable, FinTech, varies only over time, and further, we have used fixed

effects model which essentially means that the coefficient is identified through 15 aggregate time-
series observations. Thus, to distinguish the effect of FinTech competition from any other temporal
changes in macroeconomic conditions such as low-interest rate environment from 2012-2022,
post-GFC phase and NPL cleanups after 2010-2015, Basel III and PSD2 implementation around
2018-2019, and rise in digital transformation, we perform a robustness analysis using a linear time-
trend. In Danish financial system, the period from 2010-2024 includes several temporal changes

such.

The result of the regression equation considering linear time-trend analysis and implementing
Driscoll-Kraay robust standard errors (robust to heteroskedasticity, cross-sectional dependence &

serial correlation) is as follows.
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TABLE 24: ROBUSTNESS TEST (TIME-TREND ANALYSIS)

Estimated Profitability Ratios
Parameters ROAA ROAE NIM
0.0036189 0.02217525 -0.01615777*
Fintech (0.0023884) (0.01960436) (0.00627739)
0.0066102. 0.01915595 -0.01046123*
BankSizeDiff (0.0036557) (0.0390179) (0.00492867)
0.055874** 0.69153863* 0.02714166
Capitalization Ratio | (0.020565) (0.28449275) (0.02363963)
Time Trend 0.000030823 0.00029588 0.00037158
Analysis (0.00016604) (0.00125111) (0.00037076)
Nonperforming -0.45209%** -4.04448454 %+ 0.14549371*
Loan (0.033098) (0.37847462) (0.07324609)
-0.0035454 -0.02894717 -0.01486908**
Liquidity Ratio (0.0045806) (0.04159216) (0.00529853)
-0.051409%** -0.37721237%** -0.04903743%**
Cost to Income (0.0064384) (0.05004026) (0.00820083)
Real GDP Growth | 0.0085096 0.04339992 -0.01574122
Rate (0.017955) (0.12583782) (0.03327325)
-0.072723%%** -0.58819936*** 0.05068019
Inflation (0.017631) (0.1316953) (0.0451214)
N 560 560 560
R? 0.7238 0.6095 0.4261
Adjusted R? 0.6979 0.5728 0.3722
F-statistics 148.8041*** 88.6078*** 42.1550%***
Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1
The figures in parenthesis represent robust standard errors.

Source: Author's calculations

The findings of the robustness test is similar to the findings of our baseline model. The results
show that FinTech is positively associated with ROAA, but the finding lacks statistical
significance. The impact of fintech competition is similar in relation to incumbent banks' ROAE
as well. Fintech is found to positively impact ROAE but without any statistical significance. In
contrast, fintech is found to have a statistically significant (at 5% level) negative association with
NIM. The coefficient suggests that a 1% increase in fintech competition results in a 0.0016%-point
decrease in NIM of traditional banks. This finding is economically meaningful considering that
fintech firms are found to primarily compete with incumbent banks on the lending activity, and
they offer lower prices on the credit products. This forces incumbent banks to reduce their pricing

as well, impacting their interest spread.

We found similar causal relationship and intensity of the coefficient between bank-specific and

macroeconomic factors on the profitability of incumbent banks. Specifically, the impact is more
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pronounced in terms of non-performing loans, inflation and cost-to-income ratio. Furthermore, the
time-trend factor is found to be positively associated with profitability indicators, but the result
isn't statistically significant. This suggests that bank profitability is impacted by fintech
development, bank-specific and macroeconomic factors rather than by time itself. Overall, the
results suggest that FinTech development affects the structure of bank income rather than overall

profitability levels.

4.4.7. Instrumental Variable Approach

In addition to the above tests, we employed an instrumental variable (IV) approach to address
potential endogeneity and omitted variable basis. We specifically used annual internet penetration
data obtained from StatBank Danmark as an instrumental variable which serves as an instrument
for FinTech. Internet penetration is defined as the proportion of a country's population that has
access to and regularly uses the internet. The world bank group (n.d.) defines internet penetration
as the "percentage of population that have used the internet in last three months from any location."
It is considered an important prerequisite for fintech development because most of the fintech
services ranging from mobile banking, digital payments, peer-to-peer lending, crowdfunding, and

digital investment platforms depend on internet connectivity for serving its customer.

We expect that the higher proportion of population with internet access is directly proportional to
the FinTech volume as greater access to digital infrastructure facilitates the adoption of online
financial services. On the other hand, internet penetration is unlikely to have direct impact on the
profitability of incumbent banks as traditional banks primarily offer branch banking with optional
digital access. The following table summarizes the result of Instrumental Variable approach (Full

result in appendix).
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TABLE 25: ROBUSTNESS TEST (INSTRUMENTAL VARIABLE APPROACH)

Estimated ROAA ROAE NIM
Parameters | Baseline Instrumental Variable | Baseline Instrumental Baseline Instrumental Variable
Variable

FinTech 0.0038223 . | 0.013606* 0.024128 0.11771. -0.01370483** | 0.012150 (0.013175)
(0.0020460) (0.005453) (0.016409) (0.06068) (0.00529598)

Weak 47.779 47.779 47.779 (p value 1.32e-

Instruments (p value 1.32e-11) (p value 1.32e-11) 11)

Wu- 4.895 (p value 0.0273) 3.778 (p value 4.937 (p value 0.0267)

Hausman 0.0525)

Significance codes: *** p <0.001, ** p <0.01, * p <0.05, .p<0.1

The figures in parenthesis represent robust standard errors for baseline models and standard errors for IV

approach.

Source: Author's calculations

We performed the model diagnostics of instrumental variable method and test statistics, and p-
value are reported in above table. The first-stage F-statistics for all three models is 47.779 with p-
value of 1.32e-11 which is significant at 0.1% level. This indicates that internet penetration clearly
drives fintech adoption. Similarly, we computed Wu-Hausman test which tests for potential
endogeneity, omitted variables and reverse causality in our models. In our ROAA and NIM model,
the p-value of Wu-Hausman test is below 0.05 which indicates that there is endogeneity in our
model and in such case Instrumental Variable approach is preferable, whereas in our ROAE model,
the p-value for Wu-Hausman test is borderline significant (p-value 0.0525) at 10% significance

level.

The Instrumental variable approach results are quite similar in relation to the profitability measured
by ROAA and ROAE. The baseline estimation suggested a positive association between FinTech
and ROAA which was significant at 10% level, but the IV results confirmed the positive
relationship with higher statistical significance, i.e. at 5%. In terms of ROAE, baseline estimation
showed positive association which was statistically insignificant. The Instrumental Variable
approach reiterated the positive association between FinTech and ROAE and the relationship is

statistically significant at 10% level. On the contrary, the IV estimate showed a statistically
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insignificant negative relationship between NIM which contradicts with the findings of baseline

estimation of a statistically highly significant (at 1%) negative relationship.

The economic intuition behind these results is that the FinTech competition encourages banks to
improve operational efficiency, adopt cost reducing measures and diversify their revenue sources.
This helps the incumbent banks to increase overall profitability rather than rely primarily on

traditional interest-based income.

A potential argument over this instrumental variable method is that higher internet access might
directly impact bank profitability through channels other than FinTech development. This is
because traditional banks also offer their services through digital platforms primarily through their
mobile and web-based applications. However, we argue that the concern is limited for the
following reasons. Firstly, traditional bank's internet-based banking solutions were largely present
for a long time and as Srivastava (2026) notes that FinTech firms are gaining competitive
advantage not because there are no digital banking applications but because incumbent banks lack
proper customer engagement strategies in the digital sphere. This suggests that the internet
penetration primarily enables FinTech firms than directly enhancing incumbent bank's

performance.

There have been several studies that underline the importance of internet connectivity for fintech
development. The improvement in mobile network coverage and increased internet accessibility
significantly increases the use of digital financial services (Mothobi & Kebotsamang, 2024). This
is because digital financial services greatly rely on internet connectivity since consumers require
internet access to use digital financial products (The World Bank Group, n.d.). Nevertheless,
internet accessibility and digital infrastructure are the important enablers of fintech-led financial

development (Asgari et al., 2023).

Secondly, our model captures the bank-specific and macroeconomic factors as control variables
which reduces the likelihood of instruments capturing variation in performance apart from the
FinTech development channel. In addition, we have examined the growth pattern of profitability
of Danish banks & credit institutions for two separate periods covering 2000-2007 and 2015-2023.
The rationale behind selection of these time periods is that the alternative lending and fintech
activity were not adequately present prior to the global financial crisis of 2008 as discussed in the

introduction section. Similarly, internet access and penetration were rising but in its early stage
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during that time-period. And the reason behind choosing the period 2015-2023 for comparison is
because the Danish fintech ecosystem experienced growth after 2015. The years post 2015 are also
characterized by high internet penetration, especially in Denmark, and alternative lending and

fintech activity experienced significant relevance and growth in Denmark.

Based on the data obtained from Statistics Denmark, the compound average growth rate in the
aggregate profitability of Danish banks during the period 2000-2007 was 12.45%. During the latter
period covering 2015-2023, the profitability of Danish credit institutions grew at a compound
annual growth rate of 9.71% (See Appendix III for detailed explanation and visual
representation). This indicates that the profitability growth of Danish banking sector was
relatively lower in the latter period where there were high internet access and rapid expansion of
alternative lenders, including fintech firms. This suggests that internet access doesn't directly
support the profitability of incumbent banks. While this discussion is entirely descriptive and we
don't refer to any causal relationship, it provides important insights into how internet penetration
doesn’t lead to accelerated growth in traditional banking system, thereby supporting the
plausibility of exclusion statement. Nonetheless, we acknowledge that the exclusion restrictions

may not hold perfectly and therefore the IV estimates should be considered as directional finding.

Overall, the robustness tests largely support our main findings of the study though the results of
robustness specifications are mixed across different profitability measures. The impact of FinTech
competition on profitability, especially ROAA and ROAE, is positive across majority of the
specifications with varying statistical significance. Similarly, the impact of our primary
independent variable on NIM as a profitability measure is primarily negative across majority of
the specifications and the finding is statistically significant. These findings reiterate that the
FinTech competition increases efficiency, digital adoption and cost reduction by the incumbent

banks which increase overall profitability despite the competition compressing interest margins.
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CHAPTER V

5. Discussions

The study aims at exploring the impact of alternative lending activities, including FinTech on the
impact of profitability of existing established Danish banks. Our study covered the period from
2010-2024 and used annual bank-level data of forty Danish banks which is obtained from the
Time-Series data published by Finanstilsynet, the Danish financial supervisory body. Based on the
existing literature and closely following Naceur et al., (2023), we used the Return on Average
Assets (ROAA), Return on Average Equity (ROAE) and Net Interest Margin (NIM) as the
representation of incumbent bank's profitability. ROAA represents the profitability generated
using the bank's overall assets, whereas ROAE measures the profitability per unit of shareholder's
fund invested. The latter measure excludes leverage. Out of the three measures, NIM measures the
net interest earning generated through the interest earning assets of the bank and this profitability
measure is particularly interesting to examine since a large proportion of incumbent bank's income
is generated from the traditional source, i.e. interest income. As our primary independent variable,
we used annual non-bank consumer credit volume data obtained from Statistics Denmark as a
proxy for alternative lending which also includes FinTech lending activity. Furthermore, we used
several bank-specific and macroeconomic factors as our control variables following the existing

literature on determinants of bank profitability.

Compression on Net Interest Margin

The findings suggest that the alternative and FinTech lending activities create a competitive
environment and have mixed impact on the incumbent bank's profitability. The impact is diverse
across the profitability measures. The findings suggest that fintech competition affects traditional
banking profitability through two mechanisms. Firstly, the results strongly point out that the
competitive environment compresses the traditional bank's interest margins through more efficient
digital financial services. Secondly, the competitive pressure forces banks to innovate, adopt or
collaborate technological changes and improve their efficiency, thereby pulling the overall
profitability in an upward direction. This offsets the decline in interest-based income and supports

broader profitability measures denoted by ROAA.

To begin with, we found a statistically significant negative relationship between alternative lending

and traditional bank's net interest margin. This is because a large proportion of incumbent bank's
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income is derived through interest income. The emergence of fintech firms and alternative lenders
intensifies the competition, and this increased competition directly affects the pricing of loans. The
alternative lenders, particularly FinTech, use sophisticated technologies to assess borrower's
creditworthiness, and they generally incur lower costs in making credit decisions and monitoring
them. This may lower their operating costs, and they might usually pass on the savings to their

consumers in terms of lower interest rates.

Jagtiani & Lemieux (2017) found that for credit bearing similar kinds of risks, consumers pay
lower spreads when borrowed through FinTech than from traditional banking channels which
imply that FinTech provides credit to the consumer at lower cost. This creates a downward pressure
on the pricing of loans for traditional incumbent banks and to cope with the competition they tend
to match the pricing. This reflects the competition fragility theory which argues that the increased
competition lowers banks' profit margins (Keeley, 1990). Our study points to this mechanism
through the statistically significant negative association between the alternative lending and

incumbent's net interest margin.

The finding coincides with the existing studies aimed towards explaining the relationship between
alternative finance, including FinTech and bank profitability. Naceur et al. (2023) found that the
increased Fintech competition erodes established bank's net interest margin particularly through
increased costs and decreased income. However, the finding contradicts with the findings of
Dasilas & Karanovic (2022), who found a positive impact of fintech firms on the net interest

margin of UK banks.

Competition versus Efficiency

Despite the statistically significant negative impact of the alternative lending competition on the
net interest margin, our study revealed an interesting finding related to the overall profitability of
incumbent banks. We found a borderline positive relationship between alternative lending and the
return on average assets. The result represents that when incumbent banks face increased
competition from the non-bank and especially digital competitors, they tend to experience a
positive impact on their return on average assets (ROAA). ROAA is a broader profitability

measure, and it includes both operating and non-operating income.

When the competition increases from alternative and digital contenders, incumbent banks tend to

increase their investment in simultaneous technologies to respond to the competition. It is
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noteworthy that traditional banks have always been inclined towards adoption of technology to
streamline their activities. As Srivastava (2026) notes traditional banks have high capital strength
and they have been investing significant amount in the adoption of technologies over the past
decades. These technologies include mobile platforms and digital automation infrastructure that
increase operational efficiency. In addition, Jagtiani & Lemieux (2017) argue that banks consider
the alternative lenders as partners rather than market disruptors and there has been increasing

cooperation between the traditional banks and new age technological lenders.

Khan et al., (2024) argues that the adoption of fintech increases bank efficiency through process
optimization, cost reduction and revenue generation. The study argues that the adoption of FinTech
solutions automates processes which reduces the time and cost associated with redundant
processes such as account opening and loan processing. This reduces operational costs through
optimized resource allocation, minimized paperwork, and not required to operate through physical
branches. Moreover, fintech solutions help to make informed credit decisions and prevent
irreversible financial and reputational damage through efficiently screening customer
creditworthiness, and by supporting advanced risk management. Furthermore, banks can reduce
their customer acquisition costs through optimized marketing and focused sales efforts. Properly
targeted sales and marketing techniques increase revenue generation. Similarly, customer retention
rate can be increased, and cost of customer service can be reduced through the integration of digital
self-service options and personalized customer experience. This reduces operational expenses and

consequently enhances overall efficiency.

In our study, we found that the cost-to-income, one of the efficiency measures, has a highly
significant negative relationship with all three profitability measures. This indicates that

improvement in operational efficiency has a positive impact on the overall returns.

Furthermore, the interaction effect between fintech development and cost-to-income ratio provides
an important insight into how efficiency ratio is one of the most important channels through which
FinTech affects profitability. It is found that ROAA of the operationally inefficient incumbent
banks are positively and strongly affected by the fintech competition and the findings are highly

statistically significant.

The finding is economically meaningful as it reveals how banks can improve their performance

despite increased competition. Banks with greater room for improvement may respond to the
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competition through innovation, cost-cutting and investing in digital infrastructure. This increases
their operational efficiency, and they might benefit largely from the competition. On the other
hand, banks that don't adapt themselves to the changing dynamics might experience declining or
weaker returns. Thus, the efficiency indicator is the most important profitability transmission

mechanism through which fintech competition affects bank profitability.

The positive impact of fintech competition on overall profitability resembles the Efficiency
Structure Theory which argues that the profitability and market share of banks is a function of
superior operating efficiency where banks increase efficiency through superior management,
adoption of technology and optimized processes. Several empirical evidence shows that
technological adoption positively impacts overall profitability. For instance, the study by Citterio

etal. (2024) showed that digitalization has a positive impact on the profitability of European banks.

The finding is more meaningful in Denmark as it is a highly digitalized economy where there is
significant cooperation between traditional banks and modern FinTech startups. For instance,
Danske bank, one of the biggest Danish banks, itself founded MobilePay in 2013 and several
Danish banks are also part of the Copenhagen FinTech. This clearly reflects the attitude of Danish
incumbent banks towards technology-based lenders, and we can reasonably infer that banks
themselves are increasingly adopting technology, either themselves or through collaboration or
partnerships with FinTech firms. Large Danish banks aren't passively fighting the competition, but
rather actively participating in it. The profitability generated by these banks may include the
earnings from the fintech startups they have founded themselves or co-owned. Thus, the positive
impact of the competition on overall profitability of Danish banks can be attributed to the unique

collaboration and interaction between traditional and modern financial service providers.

Moreover, the findings of our study coincide with the findings of Li et al. (2023) who found a U-
shaped relationship between FinTech and profitability of Chinese commercial banks, and they
argue that the impact lessens once the banks adopt FinTech themselves and the impact becomes
positive on the long run. Another study by Khan et. al., (2024) also found a U-shaped impact of
fintech integration on banks efficiency where banks operating in developed financial markets
experience greater overall efficiency. The revelations of these prior studies are particularly
significant in case of Denmark because, the level of interaction between incumbent banks and

digital competitors is large.
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On the surface, the findings of our study disagree with the findings of Naceur et al, (2023), that
found a negative impact of fintech competition on bank's ROAA. The difference in finding can be
majorly attributed to three distinct regions. Firstly, the study by Naceur et al., (2023) has a larger
sample size covering 57 banks from both developed and developing economies and the sample
includes countries with different levels of digitalization. Secondly, the study covers different study
periods than ours. Their study covers the period from 2010-2020 whereas our study covers a larger
period starting from 2010-2024. While both the studies cover a similar period, our study consists
of the major post-COVID fintech expansion period. Thirdly, both the studies differ largely on the
use of proxy for fintech. We have used non-bank consumer credit as the proxy for alternative
lending, including fintech, their study uses aggregate of balance sheet lending and P2P lending to
represent the fintech competition. While their proxy is more specific, our independent variable
measures broader competitive force and reveals a wider influence on the profitability of incumbent

banks.

Even though the finding deviates from our finding on aggregate profitability, the paper argues that
the negative relationship is particularly due to increased costs and reduced income. This denotes
that once the knowledge spillover takes place as suggested by Li et al., (2023) and banks start
adopting FinTech or evolving themselves technologically the impact turns positive. The key
takeaway of our study is that even though the competition creates pressure on the interest margin,
existing banks can capitalize on their capacity to generate efficiency gain and improve overall

profitability.

We also acknowledge that the positive impact of fintech competition on ROAA in our baseline
model has weak statistical significance. However, through the implementation of several models
and multiple robustness tests, we have been able to report similar results. This strongly points
toward the validity of our finding that the alternative lending competition enhances overall
profitability through efficiency mechanisms. Nonetheless, we are fully aware of the fact that,
incumbent banks hold a dominating position on the origination of consumer lending in Denmark.
As the non-bank consumer credit represents only a relatively small share of total consumer lending,
its expansion may still be at an early stage which is not yet large enough to significantly impact
the profitability of incumbent banks at the aggregate level. This may help to explain the statistically

insignificant direct effects observed in several of our models.
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No effect on ROAE

We measured the impact of alternative lending on incumbent banks' profitability in terms of
different profitability ratios, and our baseline findings suggest that the competition posed by
alternative lending, including FinTech, doesn't have a statistically significant relationship with the
return on average equity despite the coefficient is positive. The findings of our study disagree with
the findings of Naceur et al., (2023) who founds a statistically negative relationship between the

fintech competition and ROAE of incumbent banks.

The ROAE doesn't directly reflect leverage to the extent of ROAA and therefore the finding
reflects that while the efficiency gains positively affect overall profitability, they don't have any
direct potential benefits to the shareholders particularly in the early phase. This might be because
the adoption of new technologies is costly and it requires increased operational investment.
Similarly, the profitability improvements might take time to materialize for the shareholders when

technological adoption, particularly, has been highly leveraged.

The findings might also represent the diverseness in the equity structure of incumbent banks. In
fact, the average equity to assets ratio of our sample banks is 13.10% with the standard deviation
of 4.01%. More interestingly, the maximum and minimum equity to assets ratio of our sample
banks is 28.21% and 2.98%. This huge variation in the capital financing of our sample banks might
also have led to our finding. The finding is economically meaningful as it reflects how
heterogeneity in the capital structure of Danish banks respond differently to the same competitive

shock.

Groupwise Effects

We further extend our analysis to understand how the competition created by alternative lending,
including FinTech, affects banks with different working capital sizes. We used the official
categorization of banks by Finanstilsynet based on the working capital and performed regression

analysis using the interaction between FinTech and group dummies.

The findings suggest that alternative lending has a statistically significant positive relationship
with the ROAA and ROAE of incumbent banks belonging to group I and II. The group I banks
represent Systematically Important Financial Institutions (SIFI) which include the largest banks in
Denmark and group II banks represent the banks having working capital above DKK 15 billion.
The positive relationship with ROAA suggests that the large and well-capitalized banks are greatly
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able to capitalize on their ability to invest extensively in technologies and or form partnership with
the digital competitors. The finding confirms the finding of Khan et al., (2024) who explains that
large and well-capitalized banks are able to generate efficiency gains quickly through collaboration
with or integration of FinTech. Furthermore, in case of larger banks (belonging to both group I
and II), it is found that the fintech has a statistically significant positive impact on their ROAE.
This might be because larger banks are able to invest in technologies without using much leverage

and the impact of profitability generated thereby is quickly available to the shareholders.

However, interestingly, in case of group I banks, the competition exerted by alternative lenders is
found to have a positive impact on their net interest margin, though the relationship is not
statistically significant. This suggests that larger banks usually diversify their income and don't
primarily depend on the traditional source of income, i.e. interest income. The first group includes
large universal banks that derive income from multiple sources such as asset management,
corporate finance, and insurance. NIM isn't a significant revenue source for SIFI banks. Therefore,
even when the technological competitors try to compress margins, the larger banks remain

unaffected due to their well-diversified and multifaceted revenue streams.

Moreover, the interaction effects between fintech and bank size growth show that ROAE of
incumbent banks is positively and significantly impacted by fintech as banks grow in bank size.
This is to say, larger banks earn significantly generate higher ROAE as the fintech competition
intensifies. This might be because larger banks enjoy the economies of scale and generate
significant revenue from sources other than interest. This helps them to increase overall
profitability, which is easily attributed to the shareholders. This is important finding in Danish

context because the Danish banking system is dominated by large financial institutions.

However, the finding suggests that the banks belonging to group II are negatively affected by the
competition when it comes to their net interest margin. This indicates that smaller banks are more
affected by the competition particularly in terms of their interest income as the competition forces
the banks to lower the pricing of loans. This also indicates that smaller banks are unable to take

advantage of revenue diversification unlike large banks.

In terms of banks belonging to group III, our study points out that they are positively impacted by
the competition in terms of their overall profitability, i.e. ROAA, but negatively impacted in terms

of ROAE and NIM. The group III banks are those banks that have working capital over DKK 1
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billion and these banks are also found to have been able to invest in relevant technologies to cope
with the competition posed by digital competitors. This is evident from the positive impact of
alternative lending on their ROAA, though the magnitude of the coefficient is weak. On the
contrary, it is observed that the impact of alternative lending is negative on the ROAE and NIM
of group III banks. The negative relationship with ROAE can be explained in terms of the high
usage of leverage by these banks while financing technological adoption. Likewise, in terms of
compressed margins, group III banks are highly impacted as seen by the statistically significant
negative relationship. This further reiterates our finding that smaller banks are most impacted by

the fintech competition.

The interaction effect between fintech and capitalization ratio revealed that NIM is negatively and
significantly impacted by fintech as banks are highly capitalized. The average capitalization ratio
of group II and III banks is 12.34% and 13.53% respectively which is higher than the capitalization
ratio of group I banks. The finding particularly explains the observed compression in NIM of banks
belonging to group II and III. Although it sounds counterintuitive, the plausible reasoning might

be that risk-taking behavior is largely affected by the equity capital of banks.

The study by Hao & Zheng (2021) finds that risk-taking by banks in a competitive environment is
largely dependent on their ex-ante equity ratio, where banks with low equity ratio deters taking
risk than their well-capitalized counterparts. This indicates that capitalized banks don't respond to
the competition in the same way as banks with low equity. This further reflects that when faced by
competition, banks with sufficient capital buffer might feel less competitive pressure and this
might lead to delayed innovation and adaption of emerging technologies. Since well-capitalized
banks are more financially stable, they might also rely more on traditional business models. Thus
theoretically, as banks are sufficiently capitalized, they might be highly affected by the fintech-

induced margin pressure, and this might reflect in their margin-related profitability measure.

Another study by Mabandala (2026) emphasizes that well-capitalized banks with significant
liquidity level prefer digital innovation and rely less on external financing. This is to say, when
banks have high equity in relation to debt, their overall cost of capital increases. The cost of equity
is usually higher than the cost of debt since equity holders expect additional compensation for

assuming extra risk (Vipond, 2020). As a combined effect of reduced margin due to rigid business
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models and increased cost of funds, we can argue that for well capitalized banks, fintech

competition creates pressure on their net interest margin.

Our study finds statistically insignificant relationship between the alternative lending and
profitability measures of banks belonging to group IV. Group IV banks consist of smaller banks
that have working capital up to DKK 1 billion. These banks are highly niche banks and cover small
geographical areas and serve smaller number of customers. The finding suggests that these banks
have weaker participation in digital competition. This might be because alternative & fintech
lenders don't compete with small banks because these banks have small customer base and they
might have adequately served the customers. This explanation coincides with the finding of Tang
(2019) which states that fintech acts as substitutes for banks and they primarily target neglected
and underserved customers and this might not be the case for smaller niche banks. However, we
acknowledge that the insignificant relationship between fintech and profitability might also be due

to the smaller sample size of group IV banks.

Overall, our findings agree with the findings of Naceur et al. (2023) who found that the impact of
FinTech is different for cooperative and large commercial banks. The study revealed that
cooperative banks are highly impacted by the FinTech competition particularly due to their limited
resources, smaller geographical coverage and smaller customer base. On the contrary, the findings
suggested that large commercial banks have the ability to withstand the challenges posed by

FinTech and may even benefit from the partnership with the digital contenders.

5.1.Conclusions & Policy Implications

The study aims to provide the insights on the impact of alternative lending, including Fintech on
the profitability of Danish banks and synthesize the impact on various group of banks based on
their sizes. The primary findings of our study indicate that the competition creates a downward
pressure on the interest margin of incumbent banks. This is to say, alternative lending has a
negative association with the incumbent bank's net interest margin. The effect is more pronounced
in the banks that belong to group II and group III as the impact is both negative and statistically
significant. On the contrary, the impact is positive but statistically insignificant for group I which

consists of large banks.

Interestingly, the study finds borderline significant positive relationship between the alternative

lending competition and incumbent bank's overall profitability as measured by ROAA. The finding

101



holds true for banks belonging to group I, II and III, however we found a statistically insignificant
relationship for group IV banks. This indicates that banks tend to invest in technology to enhance
efficiency, which helps them to compete with the technology-based competitors. Nonetheless, we
found a mixed impact of the alternative lending on incumbent bank's ROAE where larger banks
were positively impacted but smaller banks were negatively impacted. Though, the overall impact

of the competition on ROAE was statistically insignificant.

The findings have greater implications for both banks and policymakers. The findings suggest that
banks should focus more on digitization and adoption of technology to streamline their processes.
Banks should consider collaboration with FinTech/alternative lenders rather than resisting them.
However, this is already the case in Denmark as banks are increasingly adopting the technologies,
collaborating with the financial startups and supporting them through platforms such as
Copenhagen FinTech. Our study finds that alternative lending, including FinTech, could

complement the incumbent banks.

Policymakers should also focus on formulating balanced regulations that keep an overview on the
operation of both incumbent banks and digital entrants, and the regulation should greatly enhance
the collaboration between the two. The existence of financial startups helps maintain healthy
competition, improves efficiency in the financial sector and reduces financial intermediation cost
for the consumers. The digital entrants also help to increase financial inclusion. Therefore, the
policies should be developed in a way that encourages the establishment and operation of
technological entrants. However, it should also be closely monitored because the lax regulation
for Fintech might lead to erosion of market share and profitability of incumbent banks. This might
hamper their ability to absorb shocks in case of financial distress which has a detrimental effect on
the entire financial ecosystem. Therefore, financial innovation should be promoted in a balanced

way that doesn't amplify risks to the existing financial system.

Overall, the incumbent banks should focus more on diversification of their revenue streams and
invest in technologies to improve their efficiency. They should also increasingly incorporate and

collaborate with fintechs to improve overall performance.

5.2. Limitations of our study

We have attempted to identify the impact of alternative lending, including FinTech activity, on

profitability of incumbent banks. Due to limitations in data collection, we have used non-bank
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consumer credit as our primary independent variable and as a proxy for alternative lending,
including FinTech. However, this proxy includes consumer credits originating from all sources
other than traditional banks which may overstate the actual alternative lending activity each year.
Though we have tried to validate our findings using exclusively the alternative lending data from
2015-2020. Furthermore, we have used the data on consumer credit only in our study; however, in
recent years, business financing through alternative financing channels is also in an increasing
trend. We were unable to include such information in our study due to data limitations.

Nevertheless, the proxy remains imperfect, and the findings might be over or understated.

Furthermore, our primary independent variable varies over time but is identical across banks
within each year. This might cause the variable to capture broader time-varying trend rather than
the actual impact imposed by alternative lending on the profitability of traditional banks. To
mitigate this, we have performed a robustness test using linear trend analysis and the results of this
robustness test largely coincide with the findings of our baseline model. However, the findings

should be considered with caution.

Similarly, our study focuses on one geographical area only, i.e. Denmark. Denmark's economy is
quite peculiar in terms of its highly digitalized nature. Thus, our findings might have less
generalizability. Moreover, we have used annual data from 2010-2024 which might exclude short-

term dynamics.

Another limitation includes sample selection. We have excluded fully digital banks such as Coop
Bank, Lunar Bank, Facit Bank, Kompas Bank, and specialized banks such as Maj Bank from our
analysis. We excluded them primarily because we aimed towards assessing the impact of digital
disruption on banks operating traditionally, and also because we couldn't obtain sufficient data
regarding those banks. This might introduce selection bias in our study, and the findings might not

fully capture the competitive environment of the Danish banking & financial sector.

Similarly, we performed heterogeneity analysis to understand how the impact varies across banks
with different working capital sizes, and we used official grouping of the banks. However, the
group size is largely uneven with group 3 containing 22 banks out of the forty banks considered in
this study. We recognize that this might reduce statistical power in sub-groups and affect the

precision of the estimates. As such, the findings should be analyzed with appropriate caution.
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5.3. Recommendations for future research

Moreover, there are several avenues for expanding the study for future research endeavors.
Considering the similar level of digitalization, it would be interesting to perform a comparative
study on Scandinavian or Nordic countries. The study could also be expanded vertically using
bank-level fintech adoption data and investigating how this moderates the impact on profitability
or how banks generate efficiency gains. The study could also be carried out using specific and

focused fintech proxy if there is availability of data in future.

Despite these, our study attempts to fill an important gap by considering the impact of alternative
lending in the profitability of Danish banks and our findings provide a meaningful insight into this

relationship.
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Appendix

L. Results of Model Diagnostics for Random Effects Model

Dependent Variable: Return on Average Assets (ROAA)

Model Diagnostics Test Test-Statistics p-value
Heteroskedasticity Breusch-Pagan test 120.6 (df=8) <2.2e-16
Serial Autocorrelation Breusch- 110.58 (df=14) <2.2e-16
Godfrey/Wooldridge
test
Cross-sectional Pesaran CD test 16.49 <2.2e-16
dependence
Dependent Variable: Return on Average Equity (ROAE)
Model Diagnostics Test Test-Statistics p-value
Heteroskedasticity Breusch-Pagan test 44.613 (df=8) 4.356e-07
Serial Autocorrelation Breusch- 116.72 (df=14) <2.2e-16
Godfrey/Wooldridge
test
Cross-sectional Pesaran CD test 17.559 <2.2e-16
dependence
Dependent Variable: Net Interest Margin (NIM)
Model Diagnostics Test Test-Statistics p-value
Heteroskedasticity Breusch-Pagan test 71.978 (df=8) 1.983¢-12
Serial Autocorrelation Breusch- 226.76 (df=14) <2.2e-16
Godfrey/Wooldridge
test
Cross-sectional Pesaran CD test 31.806 <2.2e-16
dependence

Source: Author's Calculations

II.  Stationarity Tests of Alternative Lending, including FinTech in

relation to GDP

Variable IPS Test LLC Test
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FinTech/GDP 0.64358 (0.7401) 0.16426 (0.5652)

FinTech/GDP I(1) _13.349 (<2.2¢-16)  -16.741 (<2.2¢-16)

Source: Author's Calculations (p-value in brackets)

III. Profitability Trend of Danish banks & credit institutions (2000-2023)

Profitability Trend of Danish banks & credit institutions
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Source: Author's calculations based on data from Statistics Denmark (2026)

The chart above shows the aggregate profitabilty of Danish banks and credit institutions from the
period 2000-2023. It is observed that the profitability grew at a growing rate from 2000 until 2007
with the compound annual growth rate of 12.45%. However, the banks and credit institutions
realized significant losses during 2008 and 2009 because of the global financial crisis. The profit
began to grow again after 2010 and it rose significantly until 2017 with the greteast rebound on
2013.In 2018, the profit declined slightly but grew back again in 2019. However, due to the corona
pandemic, the profitability declined sharply during 2020 but rebounded again in 2021. While 2022
recorded profitability similar to the 2020 level, the year 2023 surpassed all previous records of
profitability in past two decades.

Aggregate profits of Danish banking system have been ununiform across the time-period with the
greatest impact observed during the global financial crisis and following years. However, a trend

is clearly visible in the time-period ranging from 2000-2007 and 2015-2023. The calculation of
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CAGRs for both these period reveal that profitability has been higher in the former period than the

latter. We recognize that there are a multitude of macroeconomic factors that affect the profitability

of banking and credit institutions. However, when we consider the internet penetration and growth

of alternative lending and FinTech firms, the profitability doesn't seem to be directly related to

these factors. However, this study doesn't infer any causal relationship between them, and

presented argument is purely descriptive.

IV. Global FinTech Development

Period Time Key Development Example

FinTech 1866-1960s Technology supporting financial Transatlantic  telegraph
1.0 communication cable

FinTech 1960s-2008 Digitalization of banking services ATMs, SWIFT, internet
2.0 banking

FinTech  2008-2015 Emergence of fintech startups Mobile payments, P2P
3.0 lending

FinTech 2015-Present  Advanced digital financial AI, blockchain, open
4.0 technologies banking

Source: CCAF (n.d.), Arner et al. (2015), Thakor (2020), Kou et al. (2024)

V. FinTech Development in Europe

Period

Key Development

Example

1960s-1980s Early banking technology and automation

ATM machines, SWIFT network

1990s-2007  Growth of internet banking Online banking platforms

2008-2014  Rise of fintech startups after the financial Peer-to-peer lending,  digital
crisis payments

2015-2020 Open banking and regulatory innovation PSD2 and fintech APIs

2020- Expansion of the fintech ecosystem Digital banks, embedded finance

Present

Source: Arner et al. (2017), Thakor (2020), Dyulgerov (2026), European Commission (2017),

IMF (2020), Philippon (2016)
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VI. FinTech Development in Denmark
Period Key Development Example

2000-2012  Early digital banking and electronic NemlID digital ID, Dankort debit

payments card
2013 Introduction  of  mobile  payment MobilePay by Danske Bank
technology

2016-2019  Growth of fintech ecosystem and Copenhagen Fintech, open banking

innovation hubs

2015-2021  Expansion of fintech startups and digital Lunar digital bank, Pleo

banking
2020- Fintech maturity and digital financial MitID system, Vipps—MobilePay
Present integration merger

Source: FintechNordics (2025), Schultz et al. (2023), MitID (2021), Danske Bank (n.d.) (Vipps
Mobile Pay, n.d.), Copenhagen Fintech (2016), Schultz et al. (2023) Kendall (2023), Reputation
& Trust Analytics Oy (2026)

VII. Correlation coefficient between non-bank consumer credit & CCAF
data (2015-2020)

Non-bank consumer credit CCAF Data
Non-bank consumer credit 1
CCAF Data 0.463014 1
Source: Author's calculations

VIII. List of Danish banks used in this study

Group 1: Systematically Important Financial Institutions
Spar Nord Bank A/S

Danske Bank A/S

Jyske Bank A/S

SydBank A/S

Arbejdernes Landsbank A/S

VestlJysk Bank A/S

NyKredit Bank A/S
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Group 2: Working capital above DKK 15 billion

Ringkjebing Landbobank. A/S
Sparekassen Kronjylland

Lan & Spar Bank A/S

SJF Bank

Middelfart Sparekasse

Group 3: Working capital over DKK 1 billion

Danske Andelskassers Bank A/S
Djurslands Bank A/S
Sparekassen Thy

Skjern Bank A/S

Lagernes Bank A/S

Fynske Bank A/S

KreditBanken A/S

Ekspres Bank A/S

Lollands Bank A/S

Merkur Andelskasse

Mens Bank A/S

Sparekassen Bredebro
Dragsholm Sparekasse
Sparekassen for Nr. Nebel og Omegn
Hvidbjerg Bank A/S

Rise Sparekasse

Frerup Andelskasse

NordFyns Bank A/S
Sparekassen Djursland
Sparekassen Balling
Freslev-Mollerup Sparekasse
Ronde Sparekasse

Group 4: Working capital below DKK 1 billion

Senderha-Hersted Sparekasse
Andelskassen Falleskassen
Borbjerg Sparekasse

Faster Andelskasse

Klim Sparekasse

Stadil Sparekasse

Source: Finanstilsynet, 2024
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