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The impetus of this study is to gauge the nexus between economic policy uncertainty (EPU) and financial innovation in Brazil, Russia, India, China, and South Africa (BRIC) nations for the period from 2004M1 to 2018M12. This study utilizes both the linear and non-linear autoregressive distributed lag (ARDL) models to evaluate the long-run and the short-run association between EPU and financial innovation; furthermore, the causal effects are investigated by following the non-Granger casualty framework. The results of long-run cointegration, i.e., the test statistics of modified F-test (FPSS), standard Wald test (WPSS), and tBDM, reject the null hypothesis and establish the presence of the long-run association between EPU and financial innovation. Conversely, long-run asymmetry cointegration revealed the test statistics of FPSS, WPSS, and tBDM in non-linear estimation. Furthermore, both in the long run and short run, the Wald test results disclose asymmetric effects running from EPU to financial innovation. In regards to the asymmetric impact of EPU on financial innovation, this study documents that the positive and negative shocks in EPU are negatively linked with financial innovation in the long run but are insignificant for short-run effects. Besides, financial innovation measured by R&D investment exhibits a positive linkage with shocks in EPU, implying that uncertainty induces innovation in the economy. Referring to causality effects, this study divulges the feedback hypothesis, i.e., bidirectional causality prevails between EPU and financial innovation in all sample countries.
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HIGHLIGHTS

- A first-ever empirical study for investigating economic policy uncertainty and financial innovation.

- Financial innovation measured using three proxies in empirical models.

- Both symmetric and asymmetric effects investigated applying ARDL and NARDL.

- NARDL revealed asymmetry both in the long-run and short-run.

- Feedback hypothesis holds for explaining causality between EPU and financial innovation [EPU←→ FI].



INTRODUCTION

This study hypothesizes that economic policy uncertainty, hereafter EPU, influences financial innovation; however, their association is yet to be explored in the empirical literature. Therefore, it is necessary to scrutinize the proposed hypothesis due to the significance and critical role of financial innovation in the economy, especially in the financial sector. Finance scholars, including Miller (1986) and Merton (1992), advocated that innovative financial products and services play a critical role in increasing the institutional efficiency and sustainability, thus eventually accelerating economic progress. Furthermore, financial innovation expands existing financing opportunities by lowering the cost of funds and efficient financial intermediation.

Since the seminal work of Schumpeter (1911), the term “financial innovation” has attracted an audience. Since then, researchers and academicians have been investing considerable time in gauging the effects of financial innovation on various participants in the economy. The empirical literature produces two lines of thoughts regarding the role of financial innovation in the economy. A group of researchers exposed the positive impact of financial innovation on economic growth (Michalopoulos et al., 2009; Ajide, 2015; Laeven et al., 2015; Bara and Mudxingiri, 2016; Bara et al., 2016; Qamruzzaman and Jianguo, 2017; Qamruzzaman and Wei, 2019), financial sector development, (Malak, 2013; Otoo, 2013; Domehe et al., 2014), foreign direct investment (Qamruzzaman and Jianguo, 2018a), and financial inclusion (Qamruzzaman and Wei, 2019). The second vein of thought in the empirical literature, i.e., harmful or advise effects based on firm-specific and country-specific investigation (for instance, Smith et al., 1990) pointed to increased volatility. However, the positive impact of financial innovation is more prominent than a negative one. Tufano (2003) instituted that financial innovations are crucial for global financial integration and diversification; it is because innovation in financial products and services enables investment diversification and risk mitigation. That is why it is rightly said that financial innovation is a tool for investment risk mitigation through diversification.

Evolvement and diffusion of financial innovation persistently seek a pleasant environment, especially in the financial system. Therefore, with this study, we intended to explore new evidence regarding dose EPU influences on financial innovation, if yes, then in which direction? Recently, EPU has received attention from researchers and academicians; in this process, a vast number of studies appear in the literature dealing with the impacts of EPU on a financial system, such as credit expansion (Nodari, 2014; Bordo et al., 2016; Chi and Li, 2017; Nguyen et al., 2020), financial stability (Li and Zhong, 2020; Phan et al., 2020), and banking activities (Chi and Li, 2017; Lee et al., 2017; Tran et al., 2020). The literature suggests that the key players of the financial system are vulnerable due to the changes in the present state of EPU in the economy. Furthermore, empirical literature also revealed a diverse outcome dealing with EPU impact on stock market volatility (Liu and Zhang, 2015), the stock price (Ko and Lee, 2015; Phan et al., 2018), financial market (Karnizova and Li, 2014; Arouri et al., 2016; Chen et al., 2017; Tsai, 2017), exchange rate volatility (Krol, 2014), firm-level investment (Kang et al., 2014; Wang et al., 2014), unemployment (Caggiano et al., 2017), stock return (Li et al., 2016; You et al., 2017), capital structure (Zhang et al., 2015), and so on. The possible indirect relationship between EPU and financial innovation can be detected with careful consideration of variables. EPU influences those because EPU and financial innovation appear as the key determinants for several macrovariables in the literature.

The novelty of this study relies on the following aspects. First, to our best knowledge, this is the first-ever empirical study to investigate the nexus between financial innovation and EPU in BRIC nations for the period 2004M1–2018M12. The underlying motivation for the selection of BRIC nations is data availability, especially the data related to EPU; in addition, according to the existing literature, the selected nations possess some common dynamics, such as bilateral trade association, technological expertise, and economic activities (Tseng, 2009; Marr and Reynard, 2010; Arif et al., 2020). Therefore, the selection of BRIC nations in the empirical investigation can have a potential comparative assessment, and we followed the prevailing thoughts. Second, measurement of financial innovation in the empirical literature is one of the critical issues because of conclusive consensus yet to be established for proxy; furthermore, the empirical findings with a single proxy measure for financial innovation may not produce such enthralling results, and this study considers three widely used proxies for measuring the presence of financial innovation in the empirical equation. Third, to gauge the possible association between EPU and financial innovation, this study applies the non-linear unit root test proposed by Kapetanios et al. (2003) and Kruse (2011), autoregressive distributed lag (ARDL) model initiated by Pesaran et al. (2001), and non-linear ARDL proposed by Shin et al. (2014). Also their possible directional causality was investigated by performing the non-Granger causality test proposed by Toda and Yamamoto (1995).

The remaining sections apart from the introduction are the “Literature review” section, dealing with the literature survey. The definitions of variables and econometrical methodology are described in detail in the “Data and methodology of this study” section. The empirical model estimation and interpretation are discussed in the “Model estimation and interpretation” section. Finally, the study findings and the reports of policy implications are described in the “Findings and policy implications” section.



LITERATURE REVIEW

After the financial crisis of 2008, the world economy feels the importance of effective and stable economic policy to regain financial soundness. It is because economic stability accelerates sustainable economic growth by lessening the adverse shocks in macro fundamentals. Conversely, global economic integration and macro complexity produce economic uncertainty and adverse shocks in economic activities both in the long run and the short run. The studies by Krol (2014) are intertwined, and the complex nature of macro fundamentals in the market economy plays a positive role toward economic uncertainty. Economic uncertainty, according to Baker and Martin (2011), shakes economic activities both at the macro and micro levels and reduces confidence in the economy from the perspective of domestic and foreign investors. Besides, from an investment viewpoint, firms avail benefits from uncertainty by delaying the investment on the ground of higher cost and costly workforce to run the project (Bernanke, 1983).


Effects of Financial Innovation

Capital accumulation, reallocation, and economic resource mobilization play a critical role in achieving economic sustainability in the presence of a well-functioning financial sector. Regulatory bodies persistently seek to formulate and implement effective monetary and fiscal policies to ensure financial efficiency. In particular, financial efficiency demands diversification in terms of financial services and products so that a larger population can serve with ease; in a study, Miller (1986) advocated that innovativeness in the financial sector intensifies the growth of a financial sector by offering versatile investment opportunities and risk diversification mechanisms, in particular financial markets. He also postulated that diversified financial assets assist in transferring risk, maximizing investment returns from tax-deductible security, and financing projects with accumulating marginal investors.

In the modern economy, the effects of financial innovation, i.e., both positive and negative, are appreciated and acknowledged in the empirical literature, especially in the field of the financial system. Regarding the positive impact of financial innovation, the world economy has been observing global financial integration and the expansion of existing financial assets and services. By adapting and diffusing innovative products and services in the financial system, financial institutions have a greater scope to serve a large group of the population, especially those who are not enlisted in the formal financial system. Financial innovation works for financial inclusion by offering risk-diversified financial products and services in the financial system. Besides, financial innovation drives financial progress through capital adequacy, investment opportunity, and financial intermediation with fetching efficiency in the capital market. Apart from bank-based financial institutions' development, financial innovation also plays a pivotal role in developing non-bank financial institutions such as leasing companies and insurance companies. The developing economies in financial regions incorporate commercial banks, leasing institutions, insurance companies, and specified financial institutions, such as financial markets, informal financial companies, and house building finance corporations.

Financial literature, especially financial growth, postulates that financial innovation contributes to overall economic growth by offering unique prospects in the financial system, including efficient financial intermediation, financial diversification, economic resources reallocation, and financial inclusion. The role of financial innovation assessed in the empirical literature focuses on diversified macro fundamentals, such as increasing the value of financial products and facilities (McGuire and Conroy, 2013), raising capital growth and distribution practices (Allen, 2012; Uddin et al., 2014), advancing the practices of financial development (Ozcan, 2008), and upsurging the efficacy of financial institutions (Shaughnessy, 2015).

Over the past decades, financial innovation has contributed to the enormous evolvement in the hunt for financial inclusion. Possibly, the most prominent example of this is the accomplishment of mobile money transfer and banking services. In this vein, a growing number of studies are available in the empirical literature. For instance, in the study by Qamruzzaman and Wei (2019), they advocated that the process of financial inclusion has been augmented by the diffusion of innovative financial products and services in the economy. Furthermore, Arslanian and Fischer (2019) suggested that financial innovation, particularly technological advancement in providing financial services, results in easy access to the unbanked population in the formal financial system. Similar findings are available in the literature (Agoba et al., 2017; Amoah et al., 2020; see, for instance, Niankara and Muqattash, 2020). So it is possible to believe that financial innovation broke the chain of demographic and social attribute issues that are dragging people to avail financial benefits.

According to a study by Dunne and Kasekende (2018), the money demand in sub-Saharan Africa is adversely influenced by financial innovation both in the long run and short run. They suggested that financial innovation induces people to move from liquidating currency to electronic currency in their daily transactions, and thus the state of money supply falls, leading to disruption. Further evidence is available in the studies by Dooley and Spinelli (1989), Arrau and De Gregorio (1993), Arrau et al. (1995), Hafer and Kutan (2003), Adil et al. (2020), and Dlamini and Mabuza (2020). Existing literature advocates that financial innovation not only plays a critical role in money demand functions but also assists in achieving transactional efficiency in the financial sector as a result of the adaption and evolvement of innovative financial services in the financial system. Malik and Aslam (2010) postulated that financial innovation brings changes in the financial sector through augmenting the necessity of banking industry reformation, strict policy formulation and implementation, and stability in the financial transaction.

Another vein includes financial innovation and financial stability. Financial innovation is the act of creating and popularizing new financial instruments and new financial technologies, institutions, and markets. Xin (2009) advocated that financial assets innovation demands effective regulatory establishment to mitigate financial risk because diversifications can act as a double-edged sword in the financial system. However, risk diversification with efficiency is one of the benefits of financial innovation, which plays a critical role in establishing financial stability. Lüke and Gaowang (2014) revealed the financial stability of several variables, including financial assets price in the financial market, economic uncertainty, economic shocks, and behavior of bank-based financial institutions. They also detected that financial market capacity, preference of an investor, and financial assets performance immensely rely on financial stability.




EFFECTS OF ECONOMIC POLICY UNCERTAINTY

Economic policy uncertainty, over the past decades, has emerged as a critical determinant in the economy, regardless of the state of the economy. To explore the true impact of EPU, a growing number of researchers have invested considerable time gauging the nexus between EPU and the macro and micro fundamentals of the economy. For instance, EPU has an impact on economic growth (Balcilar et al., 2020; Xu et al., 2021), stock market volatility (Liu and Zhang, 2015), stock price (Ko and Lee, 2015; Phan et al., 2018), financial market (Karnizova and Li, 2014; Arouri et al., 2016; Chen et al., 2017; Tsai, 2017), exchange rate volatility (Krol, 2014), firm-level investment (Kang et al., 2014; Wang et al., 2014), unemployment (Caggiano et al., 2017), stock return (Li et al., 2016; You et al., 2017), and capital structure (Zhang et al., 2015). Another set of findings was also available in the empirical literature: macro factor effects on EPU, for instance, oil price shocks (Antonakakis et al., 2014), gold, and Bitcoin (Wu et al., 2019).

In a study, Nguyen et al. (2020) revealed the adverse effects of EPU on credit growth in both advanced and developing nations. However, the magnitude of the coefficients exposes that emerging economies are more vulnerable than advanced economies. In another study, Phan et al. (2020) postulated that EPU is the key determinant for causing financial stability in the economy. They also suggested that the impact of EPU on financial stability is stronger for countries with higher competition, lower regulatory capital, and smaller financial systems. Chi and Li (2017) observed that EPU plays a positive role in increasing loan defaulters in the financial institutions in China and thus forced financial institutions to decrease the loan size. Panousi and Papanikolaou (2012) documented that high EPU can increase financing costs and risk aversion among top managers, which depresses the investment size. Besides, the depressing effect of EPU on investments is more significant in firms with higher irreversibility in investment which are more dependent on government public expenditure (Gulen and Ion, 2016).

A study was performed by Uzuner et al. (2020) for detecting the association between tourist arrival and EPU with panel data consisting of France, Germany, the United Kingdom, and the United States for the period 1985Q1–2017Q4 with a causality test. The study findings reveal that migrants affect decision-making about EPU, and along with policy instability, they could also have an effect on economic development. Moreover, the study suggests that migration had a huge impact on the market success of the four main destinations of the world for foreign tourism. Another study has been performed by Akadiri et al. (2020) to evaluate the possible association between EPU and tourism with heterogeneous panel data with a causality test for the period spanning 1995–2016. The study findings disclose that the feedback hypothesis holds for explaining the causal effects between EPU and tourism in France, Ireland, and the United States and unidirectional causality running from tourist arrivals to EPU in Brazil, Canada, China, and Germany. The impact of EPU on the housing market and agricultural land was investigated by Alola and Uzuner (2020) with a panel of 15 counties by employing panel cointegration. The study findings suggest that the feedback hypothesis holds for explaining the causality between agricultural lands and the housing market.

No conclusive pronouncement is available in the existing literature regarding the nexus between EPU and financial innovation. Considering, however, their impact on macro and micro fundamentals, it is apparent that both variables play a deterministic role but in diverse directions. Financial innovation augments financial development offering versatile financial products and services to the economy, especially for unbanked pollution. It is suggested that financial inclusion is one of the results that can be observed in the economy. On the other hand, EPU induces financial instability with fragile financial systems, discouraging people from becoming involved in the formal financial system. In a study by Li and Zhong (2020), it was asserted that EPU shocks are adversely linked with financial market volatility. The study documents that EPU increases financial volatility through interest rate movement, exchange rate fluctuation, stock price declination, and housing price reduction in the financial system.

Furthermore, the nexus of financial innovation that leads to financial volatility exposes negative associations, i.e., risk diversification is one of the benefits of adopting innovation in the financial sector. However, Xin (2009) documented that excessive financial innovation is a curse for the financial sector. Furthermore, Li and Zhang (2010) revealed that investor irrational behavior causes financial instability in the long run.

Considering the indirect approach to establish the interlink between financial innovation and EPU, one common verdict can be observed in the financial sector, i.e., rules and regulations about the financial system influence both. Hence, we can presume that there may be an empirical association available between financial innovation and EPU.



DATA AND METHODOLOGY OF THIS STUDY

This study utilizes monthly time series data for the period from 2004M1 to 2018M12 of BRIC countries. The selection of countries and study period purely relies on data availability. All the variables were extracted from interfacial financial statistics (IFS) published by IMF except the index of EPU.


Financial Innovation

Lewis and Mizen (2000) posited that innovation in the financial system appeared in either form, i.e., product innovation or process innovation. Product innovation entails advancement in financial assets through modification or adaption of improved financial assets, such as mutual funds, sweep accounts, and pension funds. Process innovation postulates improvement in fund accumulation and reallocation processes, such as automated teller machines, point-of-sale terminals, and electronic funds transfer.

There is no consensus proxy available in the empirical literature because to measure financial innovation in the empirical studies, researchers utilize several proxy variables. Such variations rely on data availability and the way of estimation along with the socioeconomic status of the countries. However, in order to be consistent with the prevailing literature, this study considers three proxy measures that are widely used in various empirical studies. The first proxy is the broad-to-narrow money (M2/M1), which affects the demand for real cash balances, the income, and interest elasticity for money demand (Arrau and De Gregorio, 1993; Ansong et al., 2011; Bara and Mudxingiri, 2016; Bara et al., 2016; Qamruzzaman and Jianguo, 2017, 2018a,c; Nazir et al., 2018; Qamruzzaman and Wei, 2018). For the second measure of financial innovations (FI), this study employs the ratio of M3/M1, following Dunne and Kasekende (2018), Mannah-Blankson and Belnye (2004), Ajide (2015), and Kasekende and Nikolaidou (2014). Furthermore, following the empirical literature, including Bernier and Plouffe (2019), Beck et al. (2016), and Ajide (2015), study considered financial sector R&D expenditures as a percentage of GDP as an another measures for financial innovation.



Economic Policy Uncertainty

Baker et al. (2016) measured EPU for major countries and regions globally, and the data can be obtained from the EPU database1. The database includes uncertainties regarding tax, spending, monetary, and regulatory policy by the government that is calculated from four components, i.e., the frequency of economic policies appeared in the newspaper, the number of expired code, the extent of forecaster disagreement over future inflation, and government purchases.

For control variables, by following the empirical studies dealing with assessing financial innovation effects (see, for instance, Dunne and Kasekende, 2018), this study considers three control variables, namely, GDP growth rate, gross savings as percentage of GDP, and non-performing loans. All data are transformed by taking natural logarithms to correct for potential heteroskedasticity. Descriptive statistics and pairwise correlation are mentioned in Table 1.


Table 1. Results of unit root test.

[image: Table 1]



Estimation Techniques

This study performs several econometric techniques for unveiling certain types of information. Investigating variables for the order of integration, this study applies three traditional unit root tests, namely, ADF (Dickey and Fuller, 1979), P-P (Phillips and Perron, 1988), and KPSS (Kwiatkowski et al., 1992), assuming linear stationary process (see Table 1). Furthermore, the studies by Galadima and Aminu (2020) and Qamruzzaman and Karim (2020) advocate non-linear unit root tests, following Kapetanios et al. (2003) and Kruse (2011), for observing variables for the order of integration with the assumption of a non-linear system (see Tables 2, 3). Furthermore, the Brock–Dechert–Scheinkman (BDS) (Broock et al., 1996) non-linearity test and the non-linear ordinary least squares (NOLS) estimation techniques can also be applied for confirming the possible non-linearity between financial innovation and EPU. The elasticities of non-linear effects, i.e., positive and negative shocks of EPU on financial innovation, are evaluated by applying the non-linear ADRL model familiarized by Shin et al. (2014). Finally, the directional causal relationship is investigated by symmetric and asymmetric effects of EPU on financial innovation by following the non-Granger causality framework introduced by Toda and Yamamoto (1995).


Table 2. Results of KSS non-linear unit root test.

[image: Table 2]


Table 3. Results of Kruse non-linear unit root test.
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The Kapetanios et al. (2003) Test

The performance of conventional unit root tests is under stress due to the conflict between theoretical prediction and test statistics, i.e., the present form of linear unit root tests is incapable to detect theoretical prediction and fails to establish it (Rose, 1988; Taylor et al., 2001). With the motivation of mitigating dissatisfaction with a conventional unit root test, Kapetanios et al. (2003) familiarized a nonlinear exponential smooth transition autoregressive (ESTAR) globally stationary process.

Therefore, following Kapetanios et al. (2003), Liu and He (2010), Anoruo and Murthy (2014); and Galadima and Aminu (2020), this study specifies the ESTAR model as

[image: image]

where Yt is the time series of interest, β and θ are unidentified factors, the term [image: image] specifies the test to characterize the non-linear adjustment, and εt is the stochastic term with a zero mean and a constant variance.

Hence from Equation (1), this study tests the following hypothesis:

[image: image]

and

[image: image]

In addition to the reparameterization of Equation (1), to obtain a first-order Taylor series approximation to the ESTAR model under the null and get the auxiliary regression:

[image: image]

This suggests that it is easy to get the value of t-statistics for δ = 0 against δ < 1 as,

[image: image]

where [image: image] is the ordinary least squares (OLS) estimates of d and SE[image: image] is the standard error of the ∧d. Nonetheless, it is noteworthy that the statistic tNL does not follow an asymptotic standard normal distribution.



The Kruse (2011) Test

Kapetanios et al. (2003) proposed an ESTAR-based non-linear unit root test by assuming that the location parameter c in the smooth transition function is equal to zero (see Equation 1) for empirical study and became popular among researchers. However, a growing number of studies observe that the coefficient of c is significant (e.g., Michael et al., 1997; Sarantis, 1999; Taylor et al., 2001; Rapach and Wohar, 2006). Kruse (2011) argued that the exclusion of basic assumptions leads to the non-standard testing problem. Therefore, a modified version of test statistics was used by Abadir and Distaso (2007) to mitigate the location parameter issue. Eventually, the following modified ESTAR specification appeared:

[image: image]

where εt ~ iid(0, σ2). If the smoothness parameter γ approaches 0, the ESTAR model becomes a linear AR(1) model, i.e., Yt = αYt−1 + εt that is stationary if −2 < α < 0. Nonlinear OLS and hence the modified ADF regress as follows:

[image: image]

In the equation, the null hypothesis H0 : θ = 0 turns out γ1 = γ2 = 0 with the alternative hypothesis of γ1 < 0; γ2 ≠ 0, where γ2 is derived from the fact that the location parameter “c” is allowed to take non-zero values.



Linear ARDL

Conventional cointegration tests possess certain limitations, and therefore the researchers are persistently seeking alternative ways of evaluating the long-run association in empirical studies. Pesaran et al. (2001) familiarized the OLS-based cointegration test with variables in different orders of integration. Additionally, the short-run adjustment speed toward long-run equilibrium also originates using the linear transformation (Banerjee et al., 1993).

A simplified ARDL model (see Paul, 2014) for these variables X, Y, and Z can be expressed as:

[image: image]

where γ1, γ2, and γ3 are long-run coefficients whose sum is equivalent to the error correction term at the vector error correction model (VECM) model and θ1, θ2, and θ3 denote short-run coefficients.

The generalized ADRL model for gauging the nexus between EPU and financial innovation is as follows:

[image: image]

where α is an intercept, β1, …, β6 represent the long-run coefficients of the empirical model, λ0, …, λ5 denote short-run coefficients, εt denotes the error correction term, and m1, m2, m3, m4, m5, and m6 are the optimal lags for the first difference variables, which are selected by the Akaike Information Criterion (AIC).

To implement the ARDL model, the OLS method is employed to estimate Equation 9, and then cointegration between the variables can be established in three different ways: first, using the F-test studied by Pesaran et al. (2001) with the null hypothesis of “no-cointegration” (H0 = β1 = β2 = β3 = β4 = β5 = 0) against the alternative hypothesis of cointegration (H0 = β1 ≠ β2 ≠ β3 ≠ β4 ≠ β5 ≠ 0); second, performing a standard Wald test (WPSS), which also tests the above joint null hypothesis; and third, the tBDM test statistic studied by Banerjee et al. (1998) with the null hypothesis of no-cointegration (H0 : β1 = 0) against the alternative of cointegration (H0 : β1 < 0). The testing procedure uses two critical bounds: upper and lower. If the values of the FPSS, WPSS, or tBDM statistics exceed the upper bound, the null hypothesis is rejected. If the test statistics lies below the lower critical bound, the null hypothesis cannot be rejected, and if test statistics lies between the critical bounds, the test is inconclusive.



Non-linear ARDL

To gauge the asymmetric effects of EPU on financial innovation, this study employs a non-linear framework widely known as NARDL, which was initiated by Shin et al. (2014), and generalizes the following asymmetric long-run regression:

[image: image]

where [image: image]are associated with long-run pavements. β+ and β− specify the effect of positive and negative shocks in EPU on financial innovation, and δi measures the effects of control variables in the equation.

The newly introduced non-linear framework enables us to address both the long-run and short-run magnitudes in the equation. Therefore, a growing number of empirical studies have been extensively employed in their respective studies for gauging nexus in empirical equations (see, e.g., Ali et al., 2018; Qamruzzaman and Jianguo, 2018a,b,c). The positive and negative shocks of EPU are represented in the equation by [image: image], which are derived by using the following equation:

[image: image]

Shin et al. (2014) showed that the linear model (9) can transform into a non-linear ARDL by incorporating EPU decomposition in the following Equation (11):

[image: image]

Equation (11) can transform in the following manner,

[image: image]

where [image: image] is the non-linear error correction term with[image: image]; [image: image]; [image: image] are the long-run parameters. [image: image], [image: image] for j= 1…., m. [image: image]. The short-run adjustments of positive and negative shocks in EPU can be detected by π+; π−. To gauge the asymmetric relationship between EPU and financial innovation, the following NARDL Equation (13) is applied:

[image: image]

The existence of an asymmetric long-run relationship is evaluated by following the same procedure as the linear ARDL, i.e., FPSS and WPSS statistics under the join null hypothesis of no-cointegration (H0 = β1 = β2 = β3 = β4 = β5 = β6 = 0) against the alternatives of cointegration (H0 = β1 ≠ β2 ≠ β3 ≠ β4 ≠ β5 ≠ β6 ≠ 0), and the tBDM-test statistic studied by Banerjee et al. (1998) involves testing the null hypothesis of no-cointegration (H0 : β1 = 0) against the alternative of cointegration (H0 : β1 < 0). When non-linear cointegration is confirmed, the next step is to assess long-run symmetry, i.e., (β+ = β−) and short-run (additive) symmetry, i.e., ([image: image] by applying a WPSS.



Toda Yamamoto Causality Test

The non-causality test proposed by Toda and Yamamoto (1995) is utilized to gauge the directional association between EPU and financial innovation because traditional casualty tests are based on F-statistics in a regression context for determining whether model parameters are jointly zero (a stable VAR model), which is not valid when variables are integrated. To overcome the existing limitations with the traditional causality tests, Toda and Yamamoto (1995) proposed a causality test utilizing the modified Wald test to restrict a VAR(k). The causality test performed by Toda and Yamamoto (1995) is based on the idea, i.e., vector autoregressive at level (P = K+Dmax) with correct VAR order K and d extra lag, where d represents the maximum order of integration of time series.

According to Zapata and Rambaldi (1997), the non-causality test performed by Toda and Yamamoto possesses certain advantages over the traditional Granger causality test. First, assessing causality with a non-causality test does not require cointegration properties in the system equation. Second, in the integration of mixed order of variables, i.e., either I(0) or I(1), the MWALD test can investigate the existing causality in the empirical equation.

[image: image]
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MODEL ESTIMATION AND INTERPRETATION


Unit Root Test

The results of the conventional unit root test, i.e., ADF and P-P with the null hypothesis of data are not stationary and KPSS with the null hypothesis of data are stationary, are exhibited in Table 1. Results established a mixed order of integration, suggesting that few variables are stationary at a level I(0) and few become stationary after first difference I(1). This verdict is pertinent to all three unit root tests.

Table 2 reports the non-linear unit root test results following the study by Kapetanios et al. (2003). The test utilizes three cases, such as raw data (Case 1), the demeaned data (Case 2), and the de-trended data (Case 3), for the series of financial innovation, EPU, gross saving, non-performing loan, and economic growth. This study exposes that the null hypothesis of the linear unit root test is rejected for all the variables in either case. Hence, we concluded that the series of financial innovation, EPU, gross savings, non-performing loans, and economic growth follow non-linear stationary processes.

Table 3 displays the results of the non-linear unit root test performed by Kruse (2011). The results signpost that the null hypothesis of the linear unit root test is rejected at either a 1 or 5% level of significance, implying that the series of financial innovation, EPU, gross saving, bad loan, and economic growth follow non-linear stationary processes.



Non-linearity Test

In the following section, this study investigates both long-run and short-run relationships between financial innovation, EPU, gross savings, non-performing loans, and economic growth of BRIC nations by employing Equation (9). Table 4 displays the results of the ARDL estimation, including the long-run cointegration test in Panel A; long-run coefficients in Panel B; short-run coefficients reports in Panel C; and residual diagnostic test results in Panel D.


Table 4. Linear ARDL estimation results.

[image: Table 4]

Panel A in Table 4 reports the results of the long-run cointegration test performing three statistics. First, the modified F-test (FPSS), introduced by Pesaran et al. (2001); second, a WPSS, which is the above joint null hypothesis; and third, a t-test (tBDM) proposed by Banerjee et al. (1998). This study divulges that the null hypothesis of no-cointegration is rejected at a 1% level of significance, suggesting that the test statistics of FPSS, WPSS, and tBDM are higher than the critical value at a 1% level significance. Hence, it is evident that, in the long run, variables in the empirical equation move together. Once the long-run association is documented, this study moves to the next step of figuring out the magnitudes running from EPU to financial innovation both in the long run and short run.

Panel B in Table 4 reports long-run coefficients and reveals adverse effects running from EPU to financial innovation. Results are displayed in column [1] for Brazil, a coefficient of −0.029, [4] for Russia, a coefficient of −0.081, [7] for India, a coefficient of −0.073, and [10] for China, a coefficient of −0.074, where financial innovation has been measured by M2/M1 in the empirical equation. Furthermore, financial innovation proxy by N3/M1 and empirical results are displayed in column [2], a coefficient of −0.026 for Brazil, [5] a coefficient of −0.028 for Russia, [8] a coefficient of −0.064 for India, and [11] a coefficient of −0.053 for China. Furthermore, the empirical model outcome with investment in R&D as a proxy for financial innovation is exhibited in column [3] for Brazil, a coefficient of −0.069, [6] for Russia, a coefficient of 0.073, [9] for India, a coefficient of −0.012, and [12] for China, a coefficient of −0.029. The noticeable fact is that all the coefficients are statistically significant at a 1% level of significance.

Panel C of Table 4 reports the short-run coefficients of the empirical model. This study documents that the error correction terms are negative and statistically significant at a 1% level of significance. This coefficient specifies the speed of adjustments toward long-run equilibrium due to prior period shocks. Regarding the effects of EPU on financial innovation, this study reveals a similar association in a long run, i.e., adverse impact. More precisely, financial innovation proxy by M2/M1 exposes a coefficient of −0.034 for Brazil, a coefficient of −0.023 for Russia, a coefficient of −0.325 for India, and a coefficient of −0.285 for China. Based on the coefficient elasticity, the financial systems of India and China are more responsive than other selected nations.

On the other hand, columns [2], [5], and [8] display the magnitudes of EPU on financial innovation, which are measured by M3/M1. Due to a 10% increase in EPU, the results decline with the speed of financial innovation embellishment by 0.475% in Brazil, by 0.91% in Russia, by 2.91% in India, and by 2.88% in China. The findings suggest that financial innovation in the form of M3/M1 has a more prompt response in India and China due to the movement in EPU. So, it appears that reducing EPU by implementing control mechanisms in the economy, both in India and China, can maximize the potential benefits of Brazil and Russia.

Columns [3], [6], [9], and [12] of Panel C in Table 4 exhibit EPU effects on financial innovation, which are measured by investment in R&D by the financial institution. This study exposes a positive effect running from EPU to financial innovation, i.e., a coefficient of 0.179 for Brazil, a coefficient of 0.123 for Russia, a coefficient of 0.015 for India, and a coefficient of 0.073 for China. These findings suggest that EPU induces financial institutions for expanding their investment in innovating and developing financial services and products to mitigate the adverse effects. Nonetheless, R&D expenditure assists financial institutions in grabbing investment opportunities and reallocating of economic resources in an efficient manner.

For control variables, in the long run, this study discloses that the coefficients of non-performing loans exhibit adverse influence on financial innovation, while gross savings and economic growth appear as motivating factors for the adaptation and evolution of innovative financial products and services in the financial system. Furthermore, the short-run model documents that gross saving plays a positive role in the further development of financial innovation. While non-performing loans and economic growth exhibit adverse influence on financial innovation, their elasticity to financial innovation is statistically insignificant.

Panel D in Table 4 presents the results of diagnostic tests. The associated p-value of test statistics is statistically insignificant, implying that empirical models are free from serial correlation, residuals are normally distributed, and internal consistency is also established.

Next, the asymmetric effects of EPU on financial innovation are investigated by executing non-linear ARDL (see Equation 13) and results are reported in Table 5.


Table 5. Results of asymmetric model estimation.
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Panel A in Table 5 displays the results of FPSS, WPSS, and tBDM for the long-run asymmetric cointegration test. The null hypothesis of the symmetry cointegration test is rejected at a 1% level of significance since all the values of test statistics are higher than the critical value. Therefore, the study findings establish the presence of asymmetric cointegration between EPU and financial innovation.

Furthermore, the results of the Wald test reveal the rejection of the null hypothesis, i.e., symmetry in the long run and short run, at a 1% level of significance. These findings suggest that the positive and negative shocks in EPU do not produce linear effects on financial innovation. Therefore, applying NARDL in assessing the long-run and short-run effects of EPU on financial innovation allows a better fit model in empirical estimation.

The non-linear effects of EPU, i.e., positive and negative shocks of EPU, on financial innovation are assessed, and the results for the long run are exhibited in Panel B in Table 5. This study establishes a negative linkage between positive and negative shocks in EPU and financial innovation. These findings suggest that the increase of EPU in the economy has adverse effects on the development and evolution of financial innovation in the financial system; on the other hand, financial stability through reducing EPU acts as a catalyst and encourages financial institutions to adapt and offer innovative financial products and services in the economy. Likewise, the short-run non-linear effects are displayed in Panel C in Table 5. This study reveals several statistically insignificant coefficients. However, we observed that the statistically significant positive and negative shocks established a negative linkage with financial innovation. These findings suggest that EPU can halt the smooth process of financial innovation in the financial system in the short run as policy uncertainty increases financial vitality in the financial system and causes regulatory development.

The results of the long-run and short-run symmetries are exhibited in Panel D in Table 5. Both long-run and short-run asymmetries are evaluated by executing the WPSS with the null hypothesis of “long-run and short-run symmetries.” The test statistics reject the null hypothesis at a 1% level of significance and confirm asymmetry effects running from EPU to financial innovation. These findings postulate that positive and negative shocks in EPU do not occur in the same direction with the same magnitude. Furthermore, the residual diagnostic tests confirm model stability and efficiency for empirical estimation.

Next, this study attempts to gauge the directional causality by employing causal Equations 14–16 and the results of causality are reported in Tables 6–8, respectively. This study establishes several directional causalities; however, it focuses on causality between EPU and financial innovation.


Table 6. Results of causality test: financial innovation measured by M2/M1.
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Table 7. Results of causality test: financial innovation measured by M3/M1.

[image: Table 7]


Table 8. Results of causality test: Financial innovation measured by R&D investment by financial institutions.
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Table 6 displays causality results, where financial innovation is measured by the ratio of M2/M1. These study findings divulge that the feedback hypothesis holds for explaining the causality between EPU and financial innovation [EPU←→FI] in Brazil, Russia, and India. These findings suggest that shocks, in either case for both variables, are subject to the response. Therefore, the development in financial innovation should be appropriately regulated and evolved in the financial system. Additionally, the unidirectional causal effect is running from EPU to financial innovation [EPU→FI]. Furthermore, the directional association between financial innovation and control variables. This study discloses bidirectional causality between non-performing loans and economic growth, i.e., [BL←→FI; Y←→FI] and unidirectional causality running from gross savings to financial innovation, i.e., [GS→FI].

Table 7 presents causality test results, where M3/M1 measures financial innovation. This study divulges bidirectional causality between EPU and financial innovation [EPU←→FI] in Brazil, Russia, and China. Additionally, unidirectional causality is running from EPU to financial innovation [EPU→FI] in India. Referring to causality between financial innovation and control variables, this study unveils bidirectional causality running between economic growth and financial innovation [Y←→FI] and non-performing loan and financial innovation [BL←→FI] in Brazil, Russia, and India, and gross savings to financial innovation [GS←→ FI] in China. Furthermore, unidirectional causality was revealed to run from gross savings to financial innovation [GS→FI] in India.

The causality results with financial innovation measured by investment in the R&D are reported in Table 8. The study findings support the presence of the feedback hypothesis available between EPU and financial innovation [EPU←→FI], i.e., the establishment of bidirectional causality. This verdict applies to all sample countries. Furthermore, the causal effects of the control variable on financial innovation reveal bidirectional causality between non-performing loans and financial innovation [BL←→FI] in Brazil. On the other hand, unidirectional causality runs from non-performing loans to financial innovation [BL→FI] in Russia and India and gross savings to financial innovation [GS→FI] in Russia and China.




FINDINGS AND POLICY IMPLICATIONS

The motivation of this study is to unleash fresh evidence for the nexus between financial innovation and EPU in BRIC countries for the period 2004M1–2018M12. To do so, this study applies several econometrical tests, including the non-linear unit root test performed by Kapetanios et al. (2003) and Kruse (2011), non-linearity test through tBDM and non-linear OLS, ARDL performed by Pesaran et al. (2001), and non-linear ARDL introduced by Shin et al. (2014). Furthermore, directional causality is investigated by following the non-Granger causality framework familiarized by Toda and Yamamoto (1995). The key findings of this study are as follows.

First, for detecting the order of integration of variables, both conventional and non-linear unit root tests were utilized. Conventional unit root tests establish a mixed order of integration, i.e., few variables are stationary at a level and others become stationary after first difference. The result of non-linear unit root tests discloses that variables become stationary by following the non-linear process. The presence of a non-linear system in unit root tests induces further estimation following a non-linear framework in the empirical study.

Second, empirical model estimation with ARDL establishes a long-run association between EPU and financial innovation in selected countries. The long-run coefficient exhibits a negative association with different financial innovation proxies, which is obvious in all 12 models. Besides, in the short run, we observed that EPU effects on financial innovation are mostly statistically insignificant. These findings suggest that the control of EPU is unjustifiable for driving financial innovation in the financial system, especially in the long run.

Third, the WPSS statistics confirms that the asymmetric effects run from EPU to financial innovation both in the long run and short run. In the long run, both positive and negative variations in EPU display negative linkage with financial innovation in all empirical models. Considering their elasticity on financial innovation, it appears that negative shocks in EPU are more vibrant than positive shocks in EPU. In the short run, positive and negative shocks in EPU establish a statistically insignificant impact on financial innovation; however, statistically significant coefficients are negatively associated with financial innovation.

Finally, the directional causality test confirms the feedback hypothesis for explaining the causal effects between EPU and financial innovation. These findings suggest that in the long run, anything may happen in either variable, i.e., financial innovation or EPU, and the obvious effects will have appeared, respectively. Referring to the causal effect of control variables toward financial innovation, this study establishes unidirectional causality running from control variables to financial innovation in most cases.

With careful consideration of the study findings, we offered the following policy suggestions for future consideration on mitigation of EPU impact on fostering the growth of financial innovation in the economy. First, a state of economic uncertainty has adverse effects on driving the prospects of innovativeness in the financial system and hinders the process of financial development. Thus, it is essential for the policymakers to put considerable efforts into formulating financial policies linked with macro policies for subsidizing the magnitudes for a state of uncertainty. Second, the results of EPU are the accumulated effects of a number of both macro and micro aspect interaction effects. Moreover, strategic policy formulation with respect to monetary and fiscal strategies has to be aligned in such a manner so that the frictions effect in the economy can be minimized as much as possible. Moreover, financial innovation is not only interact with the financial sector but other macro fundamentals those play a pivotal role in the adaptation and diffusion of financial innovation in the economy.
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