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to adapt and innovate for environmental transition. With the Industrial Revolution 4.0, FinTech
has helped develop households’ and firms’ resilience against climate change. This study explores
how businesses use FinTech to increase economic readiness to attract adaptation investments.
This study hypothesizes that, at initial levels of businesses, FinTech adoptions are typically tar-
geted to improve profitability while, as businesses mature, their FinTech adoption shows a
transition towards sustainability. Following this, the role of institutions in regulating an
ecosystem is to promote sustainable financial innovations. This study employs a 114-country
panel data analysis to investigate these dynamics empirically. The estimation using Panel
Quantile Regression showed that institutional quality can moderate the U-shaped FinTech
adoption and business readiness relationship to expedite the transition under Sustainable
Development Goal 9. This research sheds light on the impact of institutional quality on improving
businesses’ ability to attract adaptation investments via promoting sustainable innovation. Out-
comes offer valuable insights for policymakers, firms, and investors seeking to foster a more
resilient economy.

1. Introduction

Climate change is a major global issue that has multifaceted effects on businesses. Extreme weather events like forest fires, glacial
lake outbursts, and floods contribute to a direct impact on 70 % of economic sectors (Deloitte, 2021) disrupting supply chains and
causing depreciation in productivity (Caleb, 2023). The world has declared the current state as global boiling from global warming
(Niranjan, 2023). Climate change has posed itself as a major risk to financial stability. Initiatives like the Task force of Climate-related
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Financial Disclosures (TCFD) and the Network for Greening the Financial System (NGFS) are increasing pressure on businesses to
improve their regulation related to risk management and climate-related awareness (Coppola and Blohmke, 2019) in order to achieve
Sustainable Development Goal (SDG) 9 of building resilience infrastructure. This increasing pressure is coming from all dimensions
including stakeholders, customers, and employees demanding businesses to become adaptive and sustain a company’s reputation
(Garst et al., 2017).

Businesses with high energy intensity are contributing to the emissions and need a major overhaul in making their businesses
adaptive to climate change requirements to meet the regional and industry-specific challenges (HBS, 2022). This transition is required
and is discussed under the sustainable business model innovation (SBMI) (Ferlito and Faraci, 2022). Studies have discussed several
ways in which businesses can adapt to climate change. Innovation for a low-carbon energy transition can help save fossil energy and
secure a sustainable future (Abdelzaher et al., 2020). This can help in reputation enhancement while serving customer needs (Bakker,
2016; McDonald and Bailey, 2020). Making businesses resilient is imperative in times when there are high risks of climate change
(Hower, 2015). Businesses need to revolutionize the way they create value which requires a major reallocation of capital for net-zero
emissions (Haas et al., 2023; Yanosek and Victor, 2022). Businesses need to come forward to fight climate change in order to help
mitigate large-scale climate change impacts (Bakker, 2016; HBS, 2022).

The business community and government need to come together to remove hurdles in making businesses adaptive to climate
change. Several challenges need to be addressed in this transition. Increased heatwaves and global warming are increasing the demand
for cooling energy which is increasing the differential between energy demand in winters and summers (Fontaine, 2008). There is a
looming risk of regulatory sanctions from TCFD and NGFS for non-compliance with climate change regulations (Fomenko, 2022; WEF,
2023a). The World Economic Forum (WEF) (2023a) has declared climate change mitigation and adaptation failure as the top three
global risks. Businesses and governments need to be on the same page while approaching adaptation; presently businesses have an
opportunity perspective and government has a risk perspective (WEF, 2023b).

Financial technology, namely FinTech, has revolutionized the working of businesses in managing their Business-to-Business (B2B)
and Business-to-Customer (B2C) transactions. FinTech can automate processes in order to reduce operational costs and increase ef-
ficiency by reducing human errors (Kagan, 2024; Malucha, 2023). It helps in expediting transactions and credit score estimations
(credolab, 2021). The adoption of FinTech helps in increasing transaction security and ensuring trust with their clients (Columbia
Engineering, 2021). This financial technology can help businesses to become adaptive to climate change in many ways. It can facilitate
in climate finance by developing a renewable energy fund for the energy sector or fund research to develop climate-resilient seeds for
farmers (UN, 2023; UNFCCC, 2023). Financial technology improves environmental performance and biodiversity by reducing waste
and water (BDC, 2022; Igbal et al., 2024; Ul-Durar et al., 2024a). FinTech has the ability to foster collaborations among stakeholders
with a goal to address climate change (WEF, 2023a).

This study proposes that the adoption of financial technology transitions businesses in two phases. Theoretically, the first phase
advocates that FinTech adoption increases business profitability by enhancing operational efficiency, the reduction of costs, and better
risk management (He, 2024; Lv et al., 2022; Singh et al., 2021). This early adoption of FinTech helps businesses gain market shares and
compete with others (Anan et al., 2023). The increased market share would reduce the number of firms but also increase climate
resilience as high profit enables them to finance climate adaptation strategies with the help of environmental, social and governance
principles (Mhlanga, 2023, 2022). In this stage, the overall market adaptive capacity would experience a fall. The second phase focuses
on the mass adoption of financial technology promoting new businesses via financial inclusion effect for startups (Firmansyah et al.,
2023; World Bank Group, 2022). In this phase, FinTech eases financing for climate change resilience irrespective of the size of the firms
(Mhlanga, 2023, 2022). The mass-adoption of FinTech would drive businesses from profit-driven to sustainability-focused and there
will be a prominent increase in economic readiness (adaptive capacity) of businesses against climate change. This change in transition
can be tested by use of a quadratic function (Haans et al., 2015) within which this study hypothesized a U-shaped effect of FinTech
adoption with economic readiness to explore the domain of profitability with a purpose (Bonini and Swartz, 2014).

Institutions do play an important role in the pursuit of increasing the resilience of businesses and FinTech adoption. Initially studies
like Bokpin (2017) and Omri and Bel Hadj (2020) had discussed that institutional quality can help in regulating capital flows for the
environment. He et al. (2023) stated that better institutions can help Chinese banks to adopt FinTech and improve operational effi-
ciency. Kaur et al.’s (2023) study led to the conclusion that institutions can also facilitate financial inclusion. FinTech can also play a
role in altering corporate investments because of change in cost of capital (Lu et al., 2024). Governments can adopt climate FinTech to
understand the exposure and sensitivity to climate change in order to make informed investments (Jian, 2023). This climate-FinTech
led startups to leverage from technology 4.0 to accelerate the greening of capital flows (Zec and Brunet, 2021). The gains from FinTech
is not straightforward; they are visible when a broader policy and strategy is initiated by the government for sustainability (Clancy,
2022). Studies have shown that good institutions help to make a conducive environment for the financial technology-led transition.
They provide incentives for the startups and provide necessary regulatory infrastructure (Firmansyah et al., 2023; He et al., 2023; Kaur
et al., 2023). Institutions can help enforce sustainable business practices related to renewable energy use and waste reduction
(Ghorbani et al., 2023; Aysan et al., 2023; World Bank, 2020). The tax incentives can drive green innovation by firms to expedite
transitions (Obobisa et al., 2023). Institutions can help set ambitious targets for climate resilience and help this transformation change
through accountability and non-compliance penalties (Ghorbani et al., 2023).

Based on the discussion, this study sets its aim to explore the complicated role of financial technology adoption at the national level
on the economic readiness of businesses against climate change risks. This study further explores how institutional quality can
moderate the non-linear relationship between financial technology adoption and economic readiness for climate change risks thus
making a model to assess one dimension of business transformation readiness (WEF, 2020).

This study acquires the data from reputed sources like the World Bank Index (WDI, 2021), IMF (Svirydzenka, 2016), and the Notre
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Dame Index (Chen et al., 2015), and applies second-generation panel quantile regression (Ul-Durar et al., 2024b). The robust long run
estimates showed that FinTech has a U-shaped effect on economic readiness while institution quality shifts the curve upward denoting
that, at every level of FinTech adoption, better institutions help in achieving higher economic readiness to climate change while the
model has been controlled for the globalization and aggregate demand effect. Further, the estimates are compared for pre-and
post-COP19 (19th Meeting of the Conference of the Parties) regimes and robustness of estimates are conducted using technological
innovations instead of FinTech.

Using the second-generation panel quantile ARDL analysis of 114 countries spanning time periods of 1996-2022, the results
indicate that FinTech follows a positive exponential economic readiness effect. Institutional quality has shown a supportive effect but
persistent regulatory amendments may increase compliance costs. Robustness analysis highlighted that the post-Covid-19 period has
seen improved effects of institutions and globalization to foster economic resilience. This study augments the academic literature by
integrating FinTech and institutional quality as a tool in enhancing the economic readiness of the business sector. The outcomes are
aligned with the outcome of FinTech’s transformative impact on businesses (Berman et al., 2022; Dusil and Cerny, 2018) and its ability
to drive climate resilience (Hong et al., 2020; Mhlanga, 2022). While institutional quality’s ability to enhance adaptive capacity and
environmental management has been discussed by several studies (Javaid et al., 2022; Kumar et al., 2023).

This study has several notable academic contributions in the domain of business readiness to climate change, financial technology
adoption, and institutional quality. This study has integrated the behavior shift using a U-shaped functional form in a second-
generation, dynamic and robust panel data estimation along with its robustness analysis in order to curtail the complex behavior of
data. These contributions collectively help in understanding the complex behavior of financial technology and innovation in deter-
mining business readiness to climate change.

Following the introduction in Section 1, Section 2 provides an overview of the relevant literature. Section 3 discusses the methods
and materials for the study followed by results and discussions in Section 4. Section 5 concludes the study with discussions and policy
implications.

2. Literature review

The large capital requirements by new businesses are aided by financial technologies enabling them to access funds and gain profits
(Sutikno and Kuruppuarachchi, 2021). Financial innovation has shown a positive effect on business performance in India (Singh and
Mungila Hillemane, 2023). Financial innovation has substantially increased entrepreneurship in the investment consultancy domain
and made them capable to compete with larger incumbents (Berman et al., 2022). Blockchain within FinTech is used by startups to
develop innovative business models (Dusil and Cerny, 2018). FinTech helps local businesses to compete with international businesses
because of its disruptive ability (Anshari et al., 2020).

Innovative financial inclusion has helped agri-businesses to cater to climate risks (Oostendorp et al., 2019). This financial inno-
vation addresses climate change by investment facilitation, risk identification and green energy development (Richardson, 2014).
Financial technology increases sustainability in investments, decision-making (Alonso and Marqués, 2019), and increases climate
finance (Hong et al., 2020) to potentially boost the adaptive capacity against climate change (Monasterolo, 2020). Mhlanga (2022)
stated that FinTech can aid resilience across companies against rapid and gradual climate change. The ability of making green
financing affordable makes FinTech a suitable tool for industrial economies to achieve sustainable growth (Pawlowska et al., 2022).
FinTech adoption helps the industry to align their environmental sustainability targets for Chinese and Indian Firms (Ramamohan
et al., 2021). FinTech helps in increasing the natural resource efficiency in protecting the ecology (Ul-Durar et al., 2024a).

While discussing institutional quality for aiding resilience in businesses, it has been noticed that institutions can improve the social,
governance, and economic readiness for climate change mitigation in the case of South Africa (Sarkodie and Adams, 2018). Institutions
can extract the positive effect of financial development on the environment in the case of South Asia (Hunjra et al., 2020). Innovation
and institutions have a positive relationship with entrepreneurship in African countries (Ben Youssef et al., 2018). Institutional policy
frameworks can shape business strategies to address climate change impacts for a resilient future (Kumar et al., 2023). Huang et al.
(2023) confirmed that institutional quality mitigates the climate change risk effect on social development in high climate affected
countries. A similar outcome is confirmed by Javaid et al. (2022) for a panel data of 114 countries where institutions directly reduce
the climate change risks. Better institutions can boost the economic adaptive capacity against climate change by investing in orga-
nizations, and decision making of tropical coastal communities (Cinner et al., 2018). Institutions engage and support the social actors
in climate change planning to promote adaptive capacity (Gupta et al., 2010). Du et al. (2024) highlighted the role of governmental
institutions in forming environmental management strategies in Chinese companies between 2008 and 2021

Globalization leads to tourism, trade, and economic growth which undermines the climate change resilience of the economy
(Leichenko, 2012). It leads to an increase in global warming affecting food businesses (Curtis, 2007). Dai et al. (2022) showed that an
increase in trade openness as an indicator of globalization leads to an increase in economic vulnerability to climate change in G7
countries, however, it can also facilitate climate change adaptation by increasing ties between developed and developing countries in
terms of business and technology (Khan and Islam, 2015; Kumar et al., 2023). Thus, globalization provides opportunities and threats to
international businesses in their attempt to become resilient (Islam et al., 2019).

An increase in economic growth or demand beyond the capacity to produce by the country would place pressure on the production
systems and meeting the demand would require a focus on sub-sustainable production measures. Increased demand would over utilize
the resources, cause inflationary pressure, and create productivity challenges (IMF, 2014; Irwin, 2024). it would also increase in
climate change risk from economic activities and population growth (Tong and Ebi, 2019). Studies like Kalim et al. (2023) showed that
demand is an important indicator in explaining the environmental outcomes of the economy where innovation and institutions are
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required as interventions to protect the environment. Past studies have explored the direct role of technology and institutions on the
adaptability to climate change (Arshed et al., 2023) but most of these studies ignored the business transformation dimension hinted at
by Kalim et al. (2023). This study explored the non-linear role of financial technology in transitioning from low to high economic
readiness while assessing how institutions can support businesses in the transition process.

3. Methods
3.1. Sampling and data sources

This study uses quantitative panel data of 114 countries based on data availability of data of readiness (provided in Table 1). The
economic readiness to climate change risk (ERC) index is a dependent variable taken from Chen et al. (2015) with average values
shown in Table 1. This economic readiness represents the business sector’s adaptive capacity to climate change and presents itself as an
important component for climate change adaptability.

The quadratic function of financial technology (FinTech) is developed as an index of financial development (FD) (Svirydzenka,
2016), access to internet (INTR), and mobile phone subscriptions (MOB) (WDI, 2021). This combination was previously used by Liu
et al. (2022), Igbal et al. (2024) and Ul-Durar et al. (2024a). Liu et al. (2022) defined FinTech as the use of advanced technology to
extend financial services in the economy. Institutional quality (IQ) has been used as a moderator as an index of six governance in-
dicators provided in Table 1 (WGI, 2021) developed into index form (Hassan et al., 2020). The control variables include the glob-
alization index (GI) (Gygli et al., 2019) and demand (DM) in the economy is developed as a sum of consumption, investment,
government expenditures, and imports as percentage of GDP using data from the WDI (2021) previously proposed by Kalim et al.
(2023). The indices are developed using the principal component analysis method. A definition of the variables are provided in Table 2.

3.2. Equation and estimation methods

This study has developed indices from FinTech (Igbal et al., 2024; Ul-Durar et al., 2024a) and IQ (Hassan et al., 2020) using
principal component analysis (PCA) merited because of its ability to reduce the data without proportional reduction in the efficiency.
Further, if the items are used as independent variables their commonality would lead to multicollinearity-led biases in the estimates
(Arshed, 2020).

Eq. 1 below is the parametrized version of the estimation equation proposed by this study.

ERCy = ag + ayFinTech;, + azFinTechiz[ + a3IQ;; + a4 (FinTechy+IQ;) + as (FinTechiZt * 1Q;;) + a Gl + a7 DMy, + ey 1
Table 1
Sample country list with economic readiness.

Country Readiness Country Readiness Country Readiness Country Readiness
Albania 0.36 Cyprus 0.54 Kiribati 0.37 Saudi Arabia 0.47
Algeria 0.34 Denmark 0.64 Kyrgyz Republic 0.41 Senegal 0.25
Angola 0.19 Dominican Republic 0.33 Latvia 0.53 Seychelle 0.48
Argentina 0.33 Ecuador 0.34 Lebanon 0.34 Sierra Leone 0.23
Australia 0.61 El Salvador 0.35 Lithuania 0.56 Singapore 0.67
Austria 0.53 Finland 0.62 Luxembourg 0.56 Slovak Republic 0.43
Bahamas 0.49 France 0.52 Malaysia 0.49 Solomon Island 0.33
Bangladesh 0.49 Gabon 0.31 Mali 0.26 South Africa 0.39
Barbados 0.54 Gambia 0.37 Malta 0.53 Spain 0.46
Belgium 0.50 Georgia 0.55 Mauritius 0.55 Sri Lanka 0.38
Belize 0.40 Germany 0.56 Mexico 0.57 Sudan 0.38
Benin 0.25 Ghana 0.36 Mongolia 0.41 Sweden 0.57
Bhutan 0.43 Greece 0.41 Morocco 0.42 Switzerland 0.58
Bosnia and Herzegovina 0.30 Guatemala 0.34 Namibia 0.38 Syria 0.32
Botswana 0.39 Guinea 0.29 Nepal 0.41 Thailand 0.50
Brazil 0.43 Guinea-Bissau 0.30 New Zealand 0.66 Togo 0.28
Brunei Darussalam 0.50 Haiti 0.27 Nicaragua 0.30 Tonga 0.47
Bulgaria 0.43 Honduras 0.30 Niger 0.25 Tunisia 0.49
Burkina Faso 0.26 Hungary 0.45 Norway 0.66 Tiirkiye 0.41
Burundi 0.28 Iceland 0.63 Oman 0.53 Uganda 0.31
Cambodia 0.27 India 0.48 Pakistan 0.52 Ukraine 0.28
Cameroon 0.22 Indonesia 0.51 Panama 0.39 United Arab Emirates 0.59
Canada 0.57 Ireland 0.54 Paraguay 0.37 United Kingdom 0.59
Central African Republic 0.14 Israel 0.44 Peru 0.41 United States of America 0.65
Chad 0.15 Italy 0.39 Philippines 0.31 Uruguay 0.37
Chile 0.48 Jamaica 0.38 Portugal 0.49 Vanuatu 0.39
Colombia 0.38 Japan 0.64 Romania 0.42 Vietnam 0.41
Congo 0.20 Jordan 0.36 Russia 0.63

Costa Rica 0.38 Kenya 0.32 Rwanda 0.38

Note: Set of countries included in the sample with their average value of economic readiness
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Table 2
Variables and their definitions.
Name (Symbol) Definition (Units) Source
Economic readiness to climate It is the investment climate that facilitates mobilization of private sector Sub-component of Notre Dame Gain
change risk (ERC) capital Index from Chen et al.
Financial innovation (FinTech) Index measuring integration of financial development with digital Index using WDI and Svirydzenka

accessibility. The index is based on following items:

Index of financial development (FD),

Access to internet (INTR), and Mobile phone subscriptions (MOB)
Institutional quality (IQ) Index measures the traditions and institutions by which authority in a country =~ WGI

is exercised. This index is based on:

CC = Control for Corruption,

GE = Government Effectiveness,

PS = Political Stability,

RQ = Regulatory Quality,

RL = Rule of Law,

VA = Voice and Accountability

Globalization (GI) It shows the intensity of intra country networks based on economic, social,and ~ KOF index from Gygli et al.
political dimensions

Aggregate demand (DM) Sum of consumption, investment, government, and import expenditures as %  WDI
of GDP

Note: Description of variables included in the sample

The data acquired ranges from 1996 to 2022. The variation of variables across time and countries makes the data structure as panel
data. Furthermore, since the number of years per cross section is in excess of 19 years this study safely allows the variables to be non-
stationary in nature to form a dynamic panel data. This study uses the Panel Auto Regressive Distributed Lag (ARDL) model with a
pooled mean group (PMG) specification as a basic functional form of the study developed by Blackburne and Frank (2007) and Pesaran
et al. (2001), and was used in literature in several studies.

This study has used several cross sectional dependence tests like Fan et al. (2015), Joudis and Reese (2021), Pesaran, (2014), and
Pesaran and Xie (2023) and a second generation panel cointegration tests (Pedroni, 2004; Westerlund, 2005). This study has adopted
the transformation of the Common Correlated effects Mean Group (CCMG) which makes the model robust to cross sectional depen-
dence (Pesaran, 2006) to include cross sectional averages over time of the variables in the specification. It helps in reducing the time
specific variation and mitigates cross-sectional autocorrelation (Ul-Durar et al., 2024b; Wooldridge, 2010).

Previously, Igbal et al. (2024) has used this transformation in a static model to make it a second generation model while Ul-Durar
et al. (2024b) used this transformation in dynamic Quantile ARDL model. This study has added the cross-sectional averages of all
variables in the long run while they are dropped from short run automatically as they are constant across time within the cross section.
This study further deployed the panel quantile regression algorithm which allows the estimates to be robust to the presence of outliers
and distributional heteroskedasticity (Powell, 2022). Arshed et al. (2023), (2022a), Arshed (2023) and Ul-Durar et al. (2024a), (2023)
also previously used this model in the panel data setup. This quantile regression is estimated using the bootstrap method to have
efficient estimate of variance-covariance matrix. This model is superior to exiting Panel ARDL, Cross Sectional (CS)-ARDL and
Augmented Mean Group (AMG) models in terms of their ability to estimate the marginal effects (long- and short-run) at any position of
distribution and tails while also exhibiting an ability to handle post regression issues like the said models.

Lastly, the quadratic function with moderation specification is adapted using Haans et al. (2015) which is then visualized using
Dawson (2013). Thus, conclusively this used model can handle unobserved heteroscedasticity by providing cross sectional specific
short-run effects, distributional heteroskedasticity by providing outlier robust slope estimates at different quantile positions, and slope
variability heteroskedasticity by providing curvilinear slope transition with respect to FinTech. This novel transformation makes this
model robust to timeseries autocorrelation, cross sectional dependence, (cross sectional, slope, and distributional) heteroskedasticity,
miss-specification, and non-normality.

After adopting all specifications, the long (Eq. 2) and short run (Eq. 3) equations are provided below whereby variables vary across
‘i” cross sections and ‘t’ time periods. The model is estimated at different quantiles ‘z” of dependent variable to varying slope and error
terms.

ERC.; = a, + a, FinTech; + a,gFinTechft + a:31Q;; + a4 (FinTechy x IQ;) + atus (FinTechizt

* IQy) + a6 Gl + a;7DMy + B,oERC, + B, FinTechy, + /},ZFinTechi + B31Q; + B4 (FinTechyxIQ;) + B s (FinTechiZt

* nr) +ﬁfs€1it + B7DMy; + e (2)
AERC;; = a0 + an AFinTechy, + a,zAFinTechft + a3AIQ;; + a4 (AFinTechy, x AIQy) + a5 (AFinTechft
* AIQy) + a6 AGIy + 07 ADMy + 6:0€5i¢—1 + Veie—— 3)
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4. Results and discussions
4.1. Baseline results

Table 3 shows the Keiser Mayer Olkin (KMO) values of the items used to make the index. There are three items used to make the
FinTech index as proposed by Igbal et al. (2024), Ul-Durar et al. (2024a) and there are six items used to make the institutional quality
index as used by Hassan et al. (2020). Here it can be seen that for all cases the KMO values are above 0.5 showing that the items are
suitable to make the index.

Table 4 shows the descriptive statistics of the variables. Here, FinTech and Institutional Quality (IQ) have means smaller than
standard deviation making them over dispersed while all other variables are under dispersed. Based on the probability values of the
Shapiro Wilk test it can be concluded that all the variables are not normally distributed. Further correlations show that FinTech, IQ,
and GI are strong positively correlated with the ERC while DM is weak positively correlated. Similarly, in Table 4 the pairwise cor-
relations between independent variables are not high enough to conclude that there is multicollinearity among the variables (Gujarati,
2009).

Fig. 1 presents the scatter plot; it is evident here that there is a strong positive association between financial technology and
economic readiness while the linear fit line is also indicating that there is an exponential positive relationship between them. This
hinted towards the use of the quadratic function of FinTech in the model. Table 5 provides the cross-sectional dependence tests. The
presence of dependence necessitates the use of second-generation panel data models as the model is susceptive of cross-sectional
autocorrelation. Here, Table 3 shows that within the four tests of cross-sectional dependence there is a presence of dependence for
variables indicated by majority of tests. Table 6 provides the outcome of panel cointegration test. This study has used the second
generation cointegration test as the variables are cross-sectionally dependent. The results show that using both the Westerlund and
Demeaned Pedroni test there is evidence that the set variables are cointegrated in long run.

Table 7 provides the long run relationships. The estimates are provided for the 25th, 50th, and 75th percentiles. The estimates are
based on a sample size of 2772 observations from 114 countries between 1996 and 2022. The Wald coefficient restriction test is
significant for all percentiles showing that the overall model is fit. R square is in excess of 0.56 showing that, in the long run, the
selected variables explain at least 56 % of the variation in the dependent variable.

For the case of demand (DM) variable, in the long run it has a negative effect on economic readiness at the 25th percentile while it is
insignificant at other percentiles. The country averages of demand DM showed a positive effect on economic readiness at the 25th
percentile while it is insignificant at other percentiles. This concludes that an annual increase in demand tends to put pressure on
businesses to fulfil in order to get profits and trade-off sustainability but, if this pattern continues, an overall average increase in
demand for a country would lead to an increase in readiness as businesses will structurally upgrade their businesses to the increased
demand. These outcomes are similar to the conclusion of studies by Reichheld et al. (2023) and Xing and Ye (2022).

For the case of globalization (GI), it has no significant effect on the long run but its cross-sectional average GI tends to have a
positive long-term effect on readiness at the 25th percentile and a negative effect on readiness at the 75th percentile. This shows that in
economies with low levels of readiness, globalization average at national level would lead to an increase in readiness because of
international collaboration and knowledge sharing (Magni et al., 2021) while in economies with high readiness, globalization average
at national level would lead to a decrease in readiness because the increased demand of their products globally would place pressure on
production systems (Nystrom et al., 2019).

Institutional quality (IQ) generally has a positive effect on economic readiness at all percentile levels. A 1 % increase in quality of
institutions would lead to an increase in readiness by at least 0.30 %. This shows that betterment in institutions tends to assist
businesses to align with national goals, However, the national average increase in institutional quality IQ has a negative long-term
effect on economic readiness. This means that a persistent increase in institutional quality would lead to an increase in regulatory
compliance costs and there will be bureaucratic delays that may discourage businesses to invest in the innovation for becoming
adaptive to climate change. This outcome is similar to the study by Arshed et al. (2022a), (2022b).

Discussing the effect of financial technology (FinTech), it has a positive effect via both FinTech and FinTech? in all percentiles.
Understanding from the coefficients it is clear that FinTech has a positive exponential effect on economic readiness. Nevertheless, since
FinTech is an index its mean is zero, thus denoting that some portion of data has negative values so the positive exponential effect is

Table 3
KMO values of items used to make index.
FinTech Index Institutional Quality Index
Items KMO Items KMO
INTE 0.55 CcC 0.91
MOB 0.58 GE 0.87
FD 0.66 PS 0.94
RQ 0.89
RL 0.88
VA 0.94
Total 0.58 Total 0.90

Note: Statistics indicating the health of the formed index of FinTech and Institutional Quality
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Table 4

Descriptives and correlations.
Statistic ERC FinTech 1Q GI DM
Mean 0.42 0.00 0.00 2.99 5.10
Median 0.41 -0.27 —0.35 2.99 5.07
Standard Dev. 0.14 1.49 2.26 0.29 0.21
Skewness 0.55 0.41 0.19 —-0.27 0.87
Kurtosis 3.71 1.93 2.24 2.58 5.86
S-wilk 10.87 12.91 10.75 10.12 12.45
Prob 0.00* 0.00* 0.00* 0.00* 0.00*
Correlations
ERC 1.00
FinTech 0.62 1.00
1Q 0.66 0.68 1.00
GI 0.55 0.81 0.72 1.00
DM 0.05 0.08 0.16 0.09 1.00

Note: descriptive statistics and correlation matrix of variables used for data analysis.
" Significant at 1 %

Economic Readiness and Financial Innovation

Economic Readiness Index

T T T

0 2
Financial Innovation Index

Fig. 1. — Scatter plot of Economic Readiness and FinTech. Note: Scatter plot with equadratic fit between economic readiness and financial innovation
(FinTech) showing positive association.

Table 5

Cross sectional dependence tests.
Variable CD CDw CDw-+ CD*
ERC 338.68 (0.00)* 3.85 (0.00)* 51789.10 (0.00)* 1.12(0.26)
FinTech 267.57 (0.00)* 4.99 (0.00)* 40949.24 (0.00)* 4.06 (0.00)*
1Q 0.13 (0.90) —0.08 (0.94) 45941.28 (0.00)* 3.72 (0.00)*
GI 606.24 (0.00)* 4.18 (0.00)* 92812.10 (0.00)* 1.59 (0.11)
DM 37.89 (0%*.00)*** —1.79 (0.07)*** 26962.38 (0.00)* —1.05 (0.29)

Note: cross sectional dependence test for the selected variables

* Significant at 1 %

™" Significant at 10 %. CD = cross sectional dependence test by Pesaran [90], CDw = weighted CD test by Pesaran [111], CDw+ = power weighted
CD test by Joudis & Reese [89] and CD* = Pesaran & Xie [91] CD test.

transformed into a U-shaped effect when low (negative) FinTech values interact with the positive FinTech coefficient. Such a rela-
tionship is already discussed with respect to growth by Bu et al. (2023). This means that an initial increase in FinTech would firstly
increase the profitability because of propriety knowledge gained by the businesses making them profit-driven (Song et al., 2023) but,
with the public dissemination of FinTech knowledge, there will be an increase in new businesses venturing into the market forcing

businesses to focus on sustainability (Vergara and Agudo, 2021). The coefficients FinTech and FinTech” are negative showing that a
persistent increase in FinTech would harm the economic readiness as it would lead to a scale effect of increase in economic growth that
would damage the balance between economy and environment.



S. Ul-Durar et al.

Research in International Business and Finance 73 (2025) 102543

Table 6
Panel cointegration test.
Test Statistic Prob. Value
Westerlund Variance Ratio —2.40 0.01%*
Modified Phillips-Perron t 6.11 0.00*
Phillips-Perron t -1.99 0.02**
Augmented Dickey-Fuller t -1.63 0.05%**
Note: Panel cointegration test for the selected variables
" Significant at 1 %
™ Significant at 5 % and
" Significant at 10 %
Table 7
Long run estimates of economic readiness using panel quantile regression.
Independent Variables 25" percentile 50 Percentile 75" Percentile
Coefficient (Prob) Coefficient (Prob) Coefficient (Prob)
FinTech 0.013 (0.00)* 0.016 (0.00)* 0.015 (0.00)*
FinTech? 0.018 (0.00)* 0.018 (0.00)* 0.021 (0.00)*
1Q 0.036 (0.00)* 0.030 (0.00)* 0.034 (0.00)*
FinTech” I1Q 0.001 (0.27) 0.004 (0.00)* 0.004 (0.00)*
FinTech?* IQ —0.001 (0.24) —0.001 (0.00)* —0.002 (0.00)*
GI —0.055 (0.14) —0.033 (0.12) 0.025 (0.24)
DM —0.033 (0.03)** —0.033 (0.14) —0.034 (0.10)
ECR 0.759 (0.00)* 0.889 (0.00)* 1.110 (0.00)*
FinTech —0.004 (0.48) —0.015 (0.00)* —0.018 (0.00)*
FinTech?® —0.023 (0.00)* —0.015 (0.00)* —0.010 (0.00)*
IQ —0.034 (0.00)* —0.028 (0.00)* —0.035 (0.00)*
FinTech = IQ —0.004 (0.02)** —0.005 (0.00)* —0.004 (0.09)***
mz « 1Q 0.003 (0.01)** 0.001 (0.15) 0.0002 (0.86)
GI 0.029 (0.18) —0.040 (0.09)***
DM : 0.033 (0.15) 0.008 (0.72)
Cons —0.118 (0.07)*** 0.053 (0.55) 0.152 (0.03)**
Sample 2772 2772 2772
Pseudo R? 0.56 0.57 0.60

Wald Test (Prob) 685.14 (0.00)* 1901.38 (0.00)* 1740.80 (0.00)*

Note: Long run Panel Quantile ARDL estimates for 25th, 50th and 75th percentiles of dependent variable.
" Significant at 1 %
™ Significant at 5 % and
™" Significant at 10 %

Exploring the interaction of IQ with FinTech, the coefficient FinTech * IQ is generally positive at high percentiles and coefficient of
FinTech? * IQ is generally negative at high percentiles. This means that an increase in institutional quality tends to magnify the positive
effect of FinTech on economic readiness at initial levels of FinTech by providing facilitative regulation for businesses to adopt FinTech
for sustainability (Arner et al., 2020; Vergara and Agudo, 2021). However, at high levels of IQ it diminishes the positive effect of
FinTech. This is because high regulations lead to an increase in compliance costs. Further, there is a negative effect of FinTech * IQ on
economic readiness which shows the combined effect of scale effect and regulatory compliance costs.

Conclusively, Fig. 2 provides the visual demonstration of Eq. 2 which can be understood by using the framework of Haans et al.
(2015). Fig. 2 shows that at median there is a U-shaped effect of FinTech on economic readiness while the positive direct effect of IQ
shifts the curve upward and the positive moderating effect of IQ increases the gap between these two curves with the increase in
FinTech. Thus, it can be understood from this figure that it takes time for FinTech to exhibit a positive effect on the economic readiness
to climate change beyond threshold but, if the institutional support is provided, businesses can shift to a higher level of economic
readiness for each level of FinTech. It means that better institutions can extract more gains out of FinTech. Further, the integrated
pursuit of FinTech and regulation would lead to a further increase in the readiness as the gap between the dotted and solid line is
increasing.

Table 8 provides the pooled short run estimates of the second-generation panel quantile regression. The cross-sectional average
variables are dropped from this model as they are constant across time so for regression they are constant. Here it can be seen that the
convergence coefficient is significant at the 25th and 75th percentiles while insignificant at the 50th percentile. The significance of
convergence coefficient denotes that the long run model is suitable for policy intervention. Most of the short run variables are
insignificant showing that policy intervention using the provided independent variables will not create short run noise but rather they
will impart a long run effect on the dependent variables.

Though the median pooled short run regression is showing insignificant convergence coefficient, the model used in the study is
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Economic Readiness and Financial
Technology

0.26 -

0.21 e

0.16 P

0.11

0.06

Economic Readiness

0.01

-0.04

Low FinTech High FinTech

Low Institutions =~ ------- High Institutions

Fig. 2. — Visualization of Moderating Effect. Note: Moderating effect of institutional quality plot showing the U-shaped relation between economic
readiness and FinTech being shifted upward because of increase in institutional quality. The graph is made by plotting the deviation of FinTech —1.5
standard deviation to 1.5 standard deviation which defines the low and high values of FinTech and the effect of institutions is shown by plotting —1
standard deviation to 1 standard deviation defining low institutions and high institutions. So, according to calculation, when there are low in-
stitutions FinTech must grow beyond its mean value to initiate positive effect but at high institutions only FinTech must be higher than mean - 0.5
standard deviation to initiate positive effect. This shows the fact that when institutions increase it shifts the cutoff leftward also shifts curve upward.

Table 8
Short run estimates of economic readiness using panel quantile regression.

Variables 25t percentile 50" Percentile 75t Percentile

Coefficient (Prob) Coefficient (Prob) Coefficient (Prob)
AFinTech —0.002 (0.27) 0.001 (0.40) 0.015 (0.00)*
AFinTech? 0.001 (0.39) 0.0005 (0.41) 0.011 (0.00)*
AIQ 0.004 (0.07)"" —0.0002 (0.39) 0.003 (0.42)
AFinTech* AIQ 0.004 (0.00)* —0.0003 (0.38) —0.005 (0.00)*
AFinTech? " AIQ —0.001 (0.07)*** —0.0001 (0.38) 0.00001 (0.99)
AGI 0.047 (0.00)* 0.0001 (0.50) —0.041 (0.00)*
ADM —0.008 (0.96) —0.000002 (0.94) —0.004 (0.44)
ECM-1 —0.021 (0.00)* —0.00004 (0.68) —0.013 (0.06)***
Cons —0.004 (0.00)* 0.000001 (0.79) 0.006 (0.00)*
Sample 2659 2658 2658

Note: Short run panel quantile ARDL estimates at 25th, 50th, and 75th percentiles of dependent variable
* Significant at 1 % ~ Significant at 5 % and ~ Significant at 10 %

pooled mean group where the short run effects are estimated for each country before pooling them as a pooled short run. Fig. 3 shows
the convergence coefficient of each country from the short run model estimated at median. Here it is visible that most of the countries
have a convergence coefficient between the suitable range of —1 and 0. The difference is the convergence speed denotes the effec-
tiveness of the generalized long run model in the study. Here, higher effectiveness of the model is explaining dependent variable
changes as dependent variable tends to show higher convergence speeds. These differences open doors for further research for
countries with low convergence speeds to learn from high convergence speeds for best practices or to explore a better fit model based
on country’s indigenous knowledge. In terms of convergence, Hungary, Mauritius, and Nicaragua had the highest convergence speed
while Denmark, Rwanda, and Oman had the slowest convergence speed. In the sample of 114 countries, 26 countries did not show
convergence at median (shown in Table 9) which points towards an in-depth examination of these countries based on appropriate
variables that explain changes in readiness.

4.2. Pre- and post-COP19 estimates

Table 10 compares the median estimates with the before and after COP19 agreement (2016) period in order to compare the changes
in the estimates. Since the number of years are less post-COP19, the result showed an insignificant effect of a few of the variables like
FinTech. This is the major difference between pre- and post-COP19. In the case of post-COP19, it has led to an improvement in the
effect of institutions and globalization in favor of increasing economic resilience in the economy. Table 11 also adds that, for post-
COP19, the overall convergence coefficient is significant showing that the selected variables are more connected with the changes
in the economic readiness of the businesses.
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Countrywise Convergence Coefficient at 50 Percentile
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Fig. 3. - Short run country wise convergence coefficient. Note: Country-wise convergence coefficient estimates visualization. These estimates are
generated as the model used is panel ARDL with PMG specification which provides country-wise short run estimates.

4.3. Robustness of estimates using technological innovations

This study further assessed the robustness of the estimates using the overall technological innovation instead of financial in-
novations. Table 12 had estimated the effects of patents registered in the economy per 1000 people. The results are similar for the case
of the 25th percentile while for the case of the 50th and 75th percentile the results are similar with the positive contribution of in-
stitutions in boosting the effectiveness of innovations in increasing economic readiness.

5. Conclusion and policy recommendations
In the era of global boiling, businesses need to transform their practices to become resilient. The reliance on fossil energy and
businesses with high carbon footprints is increasing the costs of maintaining the quality of goods. This study proposed the potential of

financial innovation/technology adoption as a strategy to boost economic readiness of businesses against climate change risks and
further include the role of institutional quality in facilitating FinTech adoption for making businesses climate change resilient.
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Table 9
Countries with no convergence at median level of economic readiness.
Bahamas Mongolia
Brazil Morocco
Cameroon Namibia
Central African Republic New Zealand
Congo Niger
Gambia Pakistan
Georgia Paraguay
Indonesia Peru
Israel Portugal
Japan Saudi Arabia
Kiribati United Arab Emirates
Malta Ukraine
Mexico United States of America

Note: List of countries which showed lack of convergence at 50th percentile

Long run QARDL estimates for overall sample and subsample of pre- and post-COP21 at medians.

Independent Variables

Overall Data
Coefficient (Prob)

FinTech
FinTech?

1Q

FinTech* 1Q
FinTech? " IQ
GI

DM

ECR

FinTech
FinTech?

Q

FinTech = IQ
FinTech” IQ
GI

DM

Cons

Sample
Pseudo R?
Wald Test (Prob)

0.016 (0.00)*
0.018 (0.00)*
0.030 (0.00)*
0.004 (0.00)*
—0.001 (0.00)*
—0.033 (0.12)
—0.033 (0.14)
0.889 (0.00)*
—0.015 (0.00)*
—0.015 (0.00)*
—0.028 (0.00)*
—0.005 (0.00)*
0.001 (0.15)

0.029 (0.18)
0.033 (0.15)
0.053 (0.55)
2772
0.57
1901.38 (0.00)*

Pre-COP21 Post-COP21
Coefficient (Prob) Coefficient (Prob)
0.021 (0.00)* 0.017 (0.22)
0.026 (0.00)* —0.001 (0.89)
0.026 (0.00)* 0.032 (0.00)*
0.001 (0.268) 0.006 (0.45)
—0.002 (0.00)* —0.002 (0.31)
—0.027 (0.138) 0.253 (0.06)
—0.017 (0.514) 0.005 (0.93)
0.879 (0.00)* 1.046 (0.00)*
—0.007 (0.389) —0.014 (0.48)
—0.021 (0.00)* 0.014 (0.29)
—0.026 (0.00)* —0.040 (0.00)*
—0.005 (0.00)* —0.010 (0.31)
0.003 (0.00)* 0.006 (0.08)
0.016 (0.513) —0.212 (0.06)***
0.015 (0.582) 0.015 (0.78)
0.098 (0.362) —0.324 (0.15)
2215 557
0.56 0.65

2370.82 (0.00)* 2066.11 (0.00)*

Note: Long run panel quantile ARDL estimates of overall sample, pre- and post-COP19 time period estimated at medians

* Significant at 1 % "~ Significant at 5 % and ~"" Significant at 10 %

Table 11

Short run QARDL estimates for overall sample and subsample of pre- and post-COP21 at medians.
Variables Overall Sample Before COP21 After COP21

Coefficient (Prob) Coefficient (Prob) Coefficient (Prob)

AFinTech 0.001 (0.40) 0.006 (0.00)* 0.025 (0.03)**
AFinTech? 0.0005 (0.41) 0.002 (0.00)* —0.006 (0.09)***
AIQ —0.0002 (0.39) —0.001 (0.00)* 0.004 (0.46)
AFinTech* AIQ —0.0003 (0.38) —0.001 (0.00)* 0.005 (0.22)
AFinTech?* AIQ —0.0001 (0.38) —0.0004 (0.00)* —0.0002 (0.84)
AGI 0.0001 (0.50) 0.0001 (0.55) 0.020 (0.66)
ADM —0.000002 (0.94) 0.00001 (0.95) —0.017 (0.34)
ECM-1 —0.00004 (0.68) —0.0002 (0.56) —0.029 (0.01)**
Cons 0.000001 (**0.79) 0.00004 (0.01)** —0.005 (0.00)*
Sample 2658 ** 2101 557

Note: Short run panel quantile ARDL estimates of overall sample, pre- and post-COP19 time period estimated at medians

" Significant at 1 %
™ Significant at 5 % and
" Significant at 10 %
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QARDL estimates with patents as instrument for technology at 25th, 50th, and 75th percentiles.

Independent Variables

25" percentile
Coefficient (Prob)

50" Percentile
Coefficient (Prob)

751 percentile
Coefficient (Prob)

Patents 0.077 (0.32) 0.182 (0.00)* 0.204 (0.06)
Patents? 0.090 (0.02)** —0.116 (0.00)* —0.190 (0.00)*
IQ 0.009 (0.02)"* 0.008 (0.19) 0.004 (0.56)
Patents* 1Q —0.055 (0.01)** —0.098 (0.00)* —0.086 (0.56)
Patents?* 1Q 0.030 (0.00)* 0.039 (0.00)* 0.054 (0.00)*
GI —0.025 (0.22) 0.056 (0.00)* 0.099 (0.00)*
DM 0.016 (0.45) 0.002 (0.93) 0.016 (0.65)
ECR 0.726 (0.00)* 0.911 (0.00)* 1.282 (0.00)*
Patents —0.080 (0.36) —0.173 (0.03)** ~0.204 (0.09)%**
Patents> 0.095 (0.18) 0.082 (0.15) 0.206 (0.00)*
Q —0.001 (0.78) —0.008 (0.20) ~0.012 (0.11)
Patents * 1Q 0.041 (0.09)*** 0.111 (0.00)* 0.093 (0.00)*
Patents® + IQ —0.027 (0.24) —0.035 (0.06 —0.061 (0.00)*
Gl 0.032 (0.24) —0.046 (0.02)** —0.116 (0.00)*
DM —0.004 (0.88) 0.007 (0.85) —0.037 (0.27)
Cons —0.015 (0.87) —0.056 (0.51) 0.100 (0.41)
Sample 2274 2274 2274

Pseudo R? 0.43 0.46 0.51

Wald Test (Prob)

352.87 (0.00)*

1137.81 (0.00)*

1041.00 (0.00)*

Note: Panel ARDL estimates for robustness using financial technology (Patents)
" Significant at 1 %
™ Significant at 5 % and
™" Significant at 10 %

The data was acquired from 114 countries between 1996 and 2022 to fulfil the objectives. The dependent variable was economic
readiness to climate change. FinTech is used in quadratic form as the independent variable (institutional quality) is used as a moderator
to FinTech-economic readiness relation while globalization and demand are used as controlling variables. This study has used a novel
estimation method named as Second-Generation Panel Bootstrap Quadratic Quantile Regression with Pooled Mean Group specifica-
tion. This hybrid estimation model has the ability to rule out all common post-estimation issues like heteroskedasticity, autocorre-
lation, normality, and non-linearity.

The results showed that FinTech follows a U-shaped effect which indicates that economies need to boost FinTech adoption beyond a
certain threshold (the value of Fintech at the lowest value of U-shape) so that further increases in adoption would lead to trans-
formation of businesses from profitability-driven to sustainability-focused. However, the adoption process is commercially motivated;
unless businesses decide to do so themselves or there is an incentive to adopt there will be no increase in FinTech adoption. In such a
scenario, this study has introduced the institutional quality as a moderator which can increase the gains from FinTech so that even at
low levels of FinTech adoption the economy can experience a significant increase in the level of economic readiness of businesses. The
results also depicted this outcome and confirmed the objective that governments can use regulations to make FinTech adoption more
effective for a common goal of increasing climate change resilience. The robustness assessment provided some extra insights for
improving the economic readiness of businesses such as COP19 helping improve the role of institutions and globalization in forming
adaptive capacity. The overall model effectiveness is also improved post-COP19. Institutions also have shown robust effects in the
technological innovation model.

Based on the results this study proposes that each country should first assess their current level of FinTech adoption and compare it
with the minimum level of FinTech required to initiate the transition toward economic readiness of businesses. Learning from the
commercial gains of FinTech adoption, businesses should form sectoral alliances to assist each other for this financial innovation
revolution. The government can find and mitigate the adoption related hurdles along with regulation in order to maximize both
commercial and environmental gains. The cross-sectional averages show a negative effect indicating that there is a need to reconstitute
the international regulatory bodies to homogenize and integrate the business transition process by assisting in the domain of financial
technology and national regulatory policies.

Future studies can explore the role of financial technology and their challenges in different business sectors, especially in devel-
oping and high climate risk countries (Mirza et al., 2023). The development of a macroeconomic index of technology 4.0 is the need of
the hour to assess on a broader spectrum of how economies can gain in terms of finding sustainable solutions for posterity.
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