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Abstract

This report examines the impact of inflation volatility on banking-sector stability in selected frontier economies. The study is based on the argument that inflation volatility is not only a macroeconomic issue but also a banking-stability issue, because unstable inflation creates uncertainty in credit markets, affects borrowers’ repayment capacity, weakens asset quality, and increases pressure on banks’ balance sheets. Unlike studies that focus mainly on the level of inflation, this report emphasizes the volatility of inflation as a separate macro-financial risk factor.
Inflation volatility is measured using a country-specific GARCH(1,1) conditional variance approach based on annual consumer price inflation data. Banking-sector stability is measured primarily by the Bank Z-score, while the non-performing loan ratio is considered as a complementary indicator of banking risk and asset-quality deterioration. The empirical analysis follows a simple panel-data framework using Fixed Effects and Random Effects models. The Hausman test is used to guide estimator selection, and additional specifications include macroeconomic controls such as GDP growth and real interest rate. Robustness checks are also considered through alternative volatility specifications and controlled panel models.
The results suggest that inflation volatility is negatively associated with Bank Z-score, meaning that higher inflation volatility is linked with lower distance from insolvency and weaker banking-sector stability. The evidence is stronger and more consistent for the solvency-stability channel than for the non-performing loan channel, which appears weaker and more conditional. The findings indicate that volatile inflation may affect banking systems before credit-quality deterioration becomes clearly visible through reported NPL ratios.
The report concludes that central banks and banking regulators in frontier economies should monitor inflation volatility, not only the average inflation rate. Stronger macroprudential tools, better policy coordination, forward-looking provisioning, and improved inflation-expectation management can help reduce the banking-sector risks associated with unstable inflation.
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[bookmark: _Toc235530843]1.1 Frontier-Economy Macro-Financial Context
Inflation volatility and the stability of the banking sector do not stand as individual macroeconomic and financial events but as part of a monetary-financial system: price fluctuations, interest rates, credit availability, bank balance sheet quality, and institutional strength all interact in frontier banking systems. The literature on macro-financial stability has grown increasingly aware of the non-neutrality of monetary policy for financial stability and the multiple and reinforcing mechanisms through which the interactions between the dynamics of prices and the financial sector can be transmitted (Adrian et al., 2023; Vollmer, 2021). Inflation volatility doesn't have only one impact pathway on banks. They affect the cost of funding, the lending style, real returns, repayment ability, asset quality, and risk perception(Kuvshinov et al., 2021; Vollmer, 2021). High inflation can widen the gap between nominal interest rates paid on banks' assets and liabilities, thus increasing the risks arising from maturity transformation, while deflation can increase the real value of credits extended by banks, which makes it harder for borrowers to pay off banks' credits and hence increases credit risk(Kuvshinov et al., 2021). The effects of those responses of the banking sector on credit allocation, liquidity conditions, and the propagation of macroeconomic shocks in turn(Evgenidis & Malliaris, 2022; Vollmer, 2021). This is a reason why studying inflation manifestations exclusively as a manifestation on the macro level and considering banking vulnerability only as a banking-level indicator does not yield a full picture of the vulnerability creation and spread.
This integrated view is particularly relevant to the frontier economies, where financial systems are shallower, policy transmission channels are less developed, and shock sensitivity is higher than that of advanced and larger emerging economies. Creating the necessary conditions for central banks in emerging and frontier economies (EFEs) to meet macroeconomic and financial stability goals may be more difficult due to the government's intervention and political pressures, the limited credibility and skills of the central banks in controlling inflation, and the weak transmission of central bank policies that are, ultimately, all sources of uncertainty about the impact of monetary policy(El‐Shagi & Tochkov, 2021, 2022). Further, the financial system in less advanced economies also suffers from lower levels of capitalization or regulation; higher levels of problematic loans and a more risky environment for financial intermediation push banks into a position of risk where higher spreads are needed as compensation(Mendonça, 2024). Financial instability is more common in developing economies, and the level of economic development plays a crucial role in determining banking spread levels, reflecting the characteristics and stability of each country's financial system(Mendonça, 2024). Furthermore, financial stability literature in emerging markets has shown that financial integration pressures can arise from inflation volatility, and that there are strong links among credit volatility, real interest rate volatility, and output volatility(Arora & Kashiramka, 2023). While there are various proxies in the literature that show financial stability (bank Z-scores, non-performing asset ratios, and stock market volatility), the causal link between inflation and banking fragility is situation-dependent(Arora & Kashiramka, 2023).
In these environments, the link between banking stability and inflation volatility depends not only on the overall inflation evolution, but also on structural factors, regulatory capabilities, and banks' capacity to absorb uncertainties. The banking capital channel is an important transmission channel that can increase the effect of shocks on output, investment, and inflation, or the economy with a larger stock of banks can absorb the shocks better than the economy with a smaller stock of banks(Jordà et al., 2020; Vollmer, 2021). Economies with more capitalized banking systems, however, recover more quickly after a financial crisis because credit starts coming out again more easily, although having a higher level of banking sector capital does not necessarily mean the crisis does not occur(Jordà et al., 2020). In commodity-dependent frontier economies, commodity price volatility is associated with lower fiscal revenues, higher public debt, and a shortening of debt maturity, which can put further pressure on banks' balance sheets through weaker financials of public companies and sovereign-bank linkages(Eberhardt & Presbitero, 2021). In many of the emerging market environments in the cross-country sample, the correlation between the volatility of inflation and the volatility of exchange rates is above 0.7, indicating that more exchange rate volatility can be interpreted as a weaker monetary framework and less inflation-targeting regimes, adding to the vulnerability of the banking sector (Ahmed et al., 2021). Moreover, a benefit that the public debt markets bring to the financial system lies in their role of limiting the volatility of macroeconomic variables, in particular the level of inflation, which should be low so that the nominal yield curve can be interpreted as information about real borrowing costs(Kapaya, 2023).
From a methodological point of view, therefore, a cross-country perspective is well suited and helps determine if such instability is part of a more general pattern or is country-specific. Some comparative research is helpful in this regard, and production specialization in primary commodities and not-deep financial systems were not uncommon traits of both South Asia and Africa's economies before 1970, after which their development experiences showed significant difference, e.g. while African economies remained susceptible to commodity price shocks and terms of trade volatility, South Asian economies, for their part, diversified in exports and deepened their financial systems(Frankema, 2024). Political stability and inflation volatility capture both risk and macroeconomic volatility, as high economic risk and macroeconomic instability may lead to fewer international banks willing to provide credit in frontier settings(Lapid et al., 2022). It extends this view in the current study to a group of frontier economies and examines the relationship between banking-sector stability and inflation volatility and uses it to gauge where financial vulnerability might be the highest.

[bookmark: _Toc235530844]1.2 Problem Statement
Traditionally, the benchmark for price stability has been the rate of inflation, which has been the focus of macroeconomic policy and banking regulation worldwide, often with central banks mandating inflation targets with a specific number(Gabriel et al., 2022; Nookhwun & Waiyawatjakorn, 2024). Yet research has increasingly shown that of equal importance is the variability of inflation, its volatility or the unpredictable changes around any given trend, as the instability around mean level of inflations proves to be more serious macroeconomic challenge to the stability of the banking sector(Chen, 2025). This distinction becomes important because having a relatively low, but stable, inflation rate does not necessarily interfere with financial intermediation, which is the key role of banks, while having a low inflation rate with a lot of fluctuations creates a widespread uncertainty that impedes the basic role of banks(Chen, 2025; Liu & Serletis, 2021).
But traditional macroeconomic policies and banking regulation have turned their focus towards the inflation rate as the main indicator of price stability, and central banks around the world have aligned their monetary policy targets with a numerical inflation target. But the evidence now points to the fact that it's not the level of inflation that is the greater macroeconomic risk to the stability of the banking sector, it's the volatility around this trend the unpredictable changing trajectory that matters(Chen, 2025; Liu & Serletis, 2021). The difference is important because an economy can have a moderate inflation rate with sufficient stability that it has a minimum effect on the intermediation process, while even a relatively small amount of inflation when combined with high inflation volatility can produce pervasive uncertainty that will be harmful in all the roles of banking(Chen, 2025).

[bookmark: _Toc235530845]1.3 Research questions and objectives 
The present study is based on the fact that the understanding of the impact of inflation volatility on the stability of banking-sector in the frontier economies is needed. The emphasis is not just on the level of inflation, but on the volatility and unpredictability of it through time. This distinction is defining in the study, as financial institutions don't only act in the here and now, but also with expectations of future capital or product prices, future income streams and capital repaid from loans and future policy conditions. During high inflation levels, these expectations are not as clear. This can make it more challenging for banks to assess the quality of their borrowers, to price their loans, to manage their real returns and to maintain asset quality. Therefore, this study explores the volatility of inflation as a macro-financial risk variable that can affect the stability of the banking sector in selected frontier markets.
Research questions are formulated around three main concepts: inflation volatility, banking-sector stability and frontier-economy vulnerability. The volatility of inflation is taken as the main explanatory variable, since it captures uncertainty associated to inflation price changes and not only the average inflation rate. Since in many developing and frontier economies, banks will be the main financial intermediaries, banking-sector stability is considered here as the primary outcome. It's a study context because frontier-economy status carries higher risk of being vulnerable to macro-economic disturbances in the form of shallow financial markets, limited institutional capacity, exchange-rate sensitivity, and lower credibility of soft economic and financial policies. These three aspects constitute the strong base of the study.
The study tackles the first question of whether the overall relationship between inflation volatility and banking-sector stability is positive or negative and how strong it is. Theoretically, an increase in volatility is likely to have negative consequences on banking stability, as it can affect the credit markets, making it hard for banks to assess the riskiness of borrowers to the detriment of the ability to repay their loans. This should show as a negative correlation for the volatility of inflation and bank stability in the Z-score model, as this would lead to a decline in profitability, earnings volatility and distance from insolvency. On the NPL model this should be reflected in a positive correlation, since high inflation may be driving more repayment issues on loans and a decline in asset quality. That is why the first research question is whether inflation volatility has a statistically significant impact on banking-sector stability over the sample countries.
Research Question 1:
How is the “inflation–banking-sector stability” relationship characterized in selected frontier economies (both the direction of relationship and the intensity)(Chen, 2025; Liu & Serletis, 2021)?
Objective 1:
To empirically gauge the impact of inflation volatility on the stability of banking sector with the Bank Z-Score as complementary measure of dependent variable along with non-performing loan ratio.
The second relates to the monitoring of banking-sector stability. Banking stability is NOT a one-dimensional problem. However, while a bank may be well capitalized and profitable, it nonetheless can suffer from poor quality loans. Taking the opposite point of view, a banking system could exhibit increasing apparent NPLs as its overall solvency appears healthy. The study therefore does not take only one indicator for this reason. The solvency dimension of the stability is reflected in the Bank Z-score, the credit-risk and asset-quality dimension is reflected in the NPL ratio. This dual-indicator product was particularly significant as inflation volatility may impact quality of loans before broad solvency indicators. Hence, the second research question investigates if the inflation-volatility effect varies across banking-stability measure(Nookhwun & Waiyawatjakorn, 2024).

[bookmark: _Toc235530846]1.4 Contribution, Novelty and Expected Value-Added
This study presents several unique contributions to the macro-financial stability literature, to frontier-market evidence, on how to measure these variables, and on the policy debate and the gaps that remain in the literature.
The contribution to the macro-financial stability literature. Although a considerable amount of research has studied both banking and macroeconomic determinants separately in either of the two regions (South Asian and African)(Banyen, 2021; Lestari et al., 2023), limited effort has been made to provide for a systematic cross regional comparison on the link between inflation volatility and banking stability in these two not-so-homogeneous regions. Although existing literature on bank stability in Africa revolves mainly around factors of financial integration and competition and South Asia is mainly interested in bank diversification, South Asian bank stability, and digitization(Fatin Nur Hidayah Taib Khan et al., 2024; Lestari et al., 2023), bank profitability factors have been largely ignored(Banyen, 2021; Banyen & Biekpe, 2020). This paper provides an integrated analysis of these parallel lines by placing inflation volatility in a common analytical framework for both regions, adding a comparative dimension that is often missing from the current literature, and considering it the key macroeconomic risk variable.
Frontier-market evidence, much of the available empirical evidence on inflation uncertainty and banks' risk comes for either high, developed, economies or for wide panels of emerging markets(Liu & Serletis, 2021). This analysis contributes to the evidence base by examining frontier and developing group of economies  South Asia and Sub-Saharan Africa  where financial markets are underdeveloped, especially institutions are weak and macroeconomic instability is high(Antwi & Kwakye, 2022; Modugu & Dempere, 2022). Macroeconomic instability with high variability in inflation is observed in Sub-Saharan African countries,(Antwi & Kwakye, 2022) record inflation as a major form of destabilising factor for African banking systems(Fatin Nur Hidayah Taib Khan et al., 2024). This study examines these economies in comparison to those in South Asia that have enjoyed relatively more developed regulators and offers region-specific lessons that will be relevant to policy makers in data-poor economies.
Unusual novelty in the area of variable measurement based on dual banking-stability measures. The methodological novelty point of this study is the use of some dual banking-stability measures: bank Z-score and Non Performing Loans (NPL) ratio. The Z-score is a measure that encapsulates the distance-to-default by combining profitability, capitalisation and return volatility into a single measure of insolvency risk and has been used extensively in banking stability research, in both African (Antwi & Kwakye, 2022; Banyen, 2021) and Asian(Lestari et al., 2023) contexts. A study by (Banyen, 2021), which uses both the Z-score and NPL ratio to analyze African bank risk taking, shows that these indicators capture complementary aspects of bank stability: a change in the Z-score relates to overall changes in solvency risk, whereas a change in NPL ratio relates to deterioration in asset quality. This study integrates both indicators to offer a more full and pervasive evaluation of the transmission of inflation volatility via alternative dimensions of banking fragility, avoiding the possibility of findings being driven by the indicator used alone.
Policy discussion and value added that is expected. Through the comparative regional design of this study, it will be possible to make differentiated policy recommendations. The results will help to clarify the need for macroprudential policy measures in African economies(Malikane & Chomba, 2022; Modugu & Dempere, 2022) where banking is constrained by weak institutional settings and the pass-through of monetary policy is not necessarily strong. The findings will shed light on the extent to which inflation volatility shocks are cushioned by the current policy architecture for South Asian economies for which policies have changed significantly over time. Finally, this analysis aims to contribute to the design of evidence-based banking sector regulations that will increase banking sector resilience where financial sector stability is still a necessary foundation for successful economic development(Antwi & Kwakye, 2022).


[bookmark: _Toc235530847]1.5 Scope of the Study, Sample Logic and Paper Roadmap
The design of this study is cross-regional comparative, involving selected countries from South Asia and Africa, which have structural similarities – bank-dominated financial systems, and susceptibility to macroeconomic volatility – but are also widely varying with respect to banking sector institutional quality, maturity of the regulatory framework, and monetary policy(Antwi & Kwakye, 2022; Banyen, 2021).

[bookmark: _Toc235530848]1.5.1 Geographic and temporal scope
The South Asian sample is based on the countries in the region where the necessary macrofinancial data are available and applicable in combination: Bangladesh, India, Pakistan, Sri Lanka and Nepal (Duong et al., 2025; Lestari et al., 2023). The African sample covers countries that extend from Sub-Saharan Africa to illustrate variation in West, East and the economies of Southern Africa(Antwi & Kwakye, 2022; Banyen, 2021). Choices of countries within both regions are mostly defined by the availability of data from the World Bank's World Development Indicators (WDI) (for macroeconomic variables) and Global Financial Development Database (GFDD) for banking-sector variables(Antwi & Kwakye, 2022; Haile et al., 2025; Malikane & Chomba, 2022).
Importantly, no single temporal window is applied to all of the models. Rather, each estimation sample contains the first available observations for each dependent variable, inflation-volatility measure and control that are all available for that sample(Antwi & Kwakye, 2022; Haile et al., 2025; Malikane & Chomba, 2022). This method is required as gaps in banking stability indicators, inflation series or institutional variables exist between the endogenous and exogenous frontier group economies (African economies and South Asian economies). The broad Z-score pairwise sample includes 44 countries and 816 country-year observations in the final results; the broad NPL pairwise sample includes 34 countries and 446 observations in the final results, and the core three-way matched sample includes 31 countries and 324 observations in the final results, all for the periods 2000-2021 and 2005-2023. This coverage logic will ensure that a maximum amount of data is being covered without trying to impute too many observations in or out of bounds.
[bookmark: _Toc235530849]1.5.2 Dual Banking-Stability Measurement Logic
In keeping with the methodology outlined in Section 1.4 the study operationalizes banking sector stability using the two complementary measures from GFDD: namely, the Bank Z-score, which is a measure of the bank's insolvency risk and relates the capitalization and returns to return volatility;(Banyen, 2021; Haile et al., 2025) and the non-performing loan (NPL) ratio, which is a measure of banking sector degradation in asset quality(Ahiase et al., 2023; Antwi & Kwakye, 2022). The dual-measure approach provides the robustness while it also helps differentiate between solvency-oriented and credit-quality oriented transmission channels of inflation volatility.

[bookmark: _Toc184116097][bookmark: _Toc235530850]
CHAPTER 2: REVIEW OF THE LITERATURE

[bookmark: _Toc235530851]2.1 Literature on Inflation, Inflation Uncertainty and Inflation Volatility
The difference between the height of inflation and its variability and uncertainty presents a conceptual partitioning at the root of macroeconomic and financial research. The average rate of inflation gives the overall direction of the change in the level of prices over a certain period of time, while inflation volatility tells how much the inflation has varied or fluctuated in magnitude over a period of time, and inflation uncertainty is the inability of economic agents to predict inflation. It has become a large research body that these related, but different, constructs have very different implications for economic decision-making, risk assessment, and ways in which financial intermediation is supposed to be operating.
[bookmark: _Toc235530852]2.1.1 Distinguishing Inflation Level from Inflation Volatility
Much of the previous research has taken pains to point out that the average inflation figure is not enough to capture the macroeconomic experiences of financial institutions. The link between inflation and financial sector performance is far from simple and hinges heavily on whether inflation varies in an anticipated or in an unanticipated fashion. However, as noted by (Banyen, 2021), the link between bank interest margins and inflation "largely depends on banks' ability to anticipate inflationary movement," and that when banks fully anticipate an inflationary movement and set the price of their loans accordingly, there will be a positive link between inflation and bank interest margins, but unanticipated inflation will create uncertainty and risk to banks that will be difficult to price. The key consequence of this observation is that for financial intermediaries, it is not inflation per se, but rather the predictability or lack thereof of inflation that is most important.
The literature on macroeconomic stability in developing regions has been similar, pointing out that the volatility of inflation is a better measure of economic risk than its level. Lapid et al. (2022) specify that "Political stability and inflation volatility capture risk as well as macroeconomic volatility, with high economic risk and macroeconomic instability reducing the number of countries that are willing to provide credit from international banks. This is consistent with learning that international lenders and investors do not just take note when the rate of inflation is high or low but when it is volatile and unpredictable (Bhujabal et al., 2024). A higher level of inflation brings in a higher risk premium demanded by foreign creditors and reduces the credit extension ability of international bank, which limits financial intermediation (Bhujabal et al., 2024; Lapid et al., 2022).

[bookmark: _Toc235530853]2.1.2 Why Volatility Matters More for Risk and Forecasting
In a risk management sense, a high, but stable, inflation rate is a different problem than volatile inflation. Although it is expensive, a high level of inflation can be managed by the changing expectations, contractual rules and pricing systems of the economic players. In contrast, volatile inflation leads to a loss in the currency of the signals that prices give, determines the direction of resource allocation in an inefficient manner, and makes it more difficult to forecast inflation, thus impeding monetary policy and investment decisions. Danlami et al (2022) record that the magnitude of the improvement in inflation, followed by a subsequent reverse appeared geographically diverse, with the food price inflation following the recessionary trend being more volatile, especially in emerging market and developing economies (EMDEs), which included Sub-Saharan Africa and South Asia. Using a factor-augmented vector autoregression (FAVAR) method, they find that the role of different types of demand shocks, supply shocks, and oil price shocks in causing inflation fluctuations varies over time; hence successful forecasting requires an understanding of the volatility structure of inflation, and not just its level (Danlami et al., 2022). The authors also emphasize that high inflation may prompt monetary policy actions by central banks at an inappropriate time, particularly when inflation is "unanchored," which could mark an early reaction that has negative consequences for economic recovery (Danlami et al., 2022).
Research on financial conditions and monetary policy transmission adds to the understanding of the forecasting dimension. Onwuka et al. (2020) build Financial Condition Indices (FCIs) for Mexico and show that when countries advanced like Mexico suffer from financial and monetary turmoil, introducing financial asset price volatility encompassing inflation-related uncertainty in policy making markedly enhances the management of economic fluctuations. According to their work, "given information asymmetries, uncertainty, and other market imperfections, effective monetary policy actions must account for financial factors like measures of liquidity, risk and capacity-to-lend" (Onwuka et al., 2020),thus supporting the argument that measures of volatility are more apt for policy-relevant forecasts than level-based measures.
[bookmark: _Toc235530854]2.1.3 Implications for Financial Intermediation
Inflation volatility is a concern that has specific impacts on the role of financial intermediation, particularly in developing and emerging economies. Hence, to achieve deepening of domestic debt markets and financial sector deepening in African economies, controlling macroeconomic volatility, including inflation volatility, is key for the nominal yield curve to be ‘informative about the real borrowing cost’, as observed by(Lestari et al., 2023) .Inflation volatility makes the pricing of long-term financial contracts unreliable and makes long-term lending and borrowing less attractive, which prevents financial development (Lestari et al., 2023). In addition, Hanif et al. (2024) discuss the short-run impact of inflation on growth in the ASEAN-5 countries, which is different across countries and is a direct reflection of the ability of the macroeconomy to absorb and transmit inflationary shocks in the country. Their conclusion that "low inflation is fundamental to stabilizing the economy in a sustainable manner" (Hanif et al., 2024) gives implicit recognition to the fact that stability, not the level of inflation, is the anchor of economic and financial performance.
It is important to note that this literature shows in a rather convincing way that volatility and uncertainty of inflation is conceptually and empirically different from the level of inflation itself and is of far greater importance when it comes to risk assessment, forecasting of the overall economic state, and the functioning of financial intermediation. This separation is particularly relevant in the developing world, where structural mechanisms to handle price fluctuations are relatively new, particularly among developing countries like those in South Asia and Africa.




[bookmark: _Toc235530855]2.2 Literature on Banking Stability and Its Measurement
Banking stability is a crucial issue in financial economics, directly linked to the strength and resilience of the economy. The empirical literature provides a wide-range of tools for measuring banking stability, such as measures of solvency risk, asset quality, capital adequacy, liquidity, and profitability. The main measurement methods are recapitulated and the reasons for the choice of the Z-score and non-performing loan (NPL) ratio as the most suitable pair for the use in the present research design are given.
[bookmark: _Toc235530856]2.2.1 Principal Measures of Banking Stability
Z-score. The single most used measure of insolvency risk on the bank level in the empirical banking literature is the z-score. It incorporates a bank's return on assets (ROA) and the spread between equity and assets in a single metric, accounting for the volatility in returns, profitability, and leverage(Haile et al., 2025; Shahriar et al., 2022; Syed et al., 2022). The higher the Z value, the further the companies are from bankruptcy, signifying that they are more stable(Chand et al., 2021; Mabkhot & Al-Wesabi, 2022; Sari & Sudarmawan, 2023). The Z-score, as mentioned by(Mabkhot & Al-Wesabi, 2022), is a singular index which incorporates the proxy of the financial stability of banks that are profitability, returns volatility and leverage. Theoretically, it combines various aspects of the bank health score into a single indicator, making it a useful metric for comparative analyses, especially across country levels where it may not be feasible to incorporate as detailed measures as Z scores or the similar Yardstick score(Chand et al., 2021; Haile et al., 2025). The Z-score has been used as the main dependent variable in numerous studies at different regional levels such as in West Asia(Shahriar et al., 2022), Southeast Asia(Sari & Sudarmawan, 2023), in GCC countries(Mabkhot & Al-Wesabi, 2022) and in Africa(Haile et al., 2025) in conducting stability analysis.
Non-performing loan (NPL) ratio. Non-performing loans ratio (NPL) is a key measure of the health of the banking system and the level of credit risk as it is the share of NPLs in the total gross loans(Haile et al., 2025; Kanapiyanova et al., 2022; Syed et al., 2022). An increasing NPL ratio indicates loan portfolio deterioration, reduced profitability, and potential threats to solvency (Rosalina & Wahyuningsih, 2023; Sharma, 2024). Sharma (2024) underscored that "NPAs are an important measure to evaluate the banks' performance and financial stability, and the presence of NPAs is one of the determinants of financial stability and growth of banks. Haile et al. (2025) also use the NPL ratio besides the Z-score, due to the fact that the Z-score reflects the distance of overall insolvency while the NPL ratio reflects on the quality of banks' core lending business and the realization of credit risk.
Capital adequacy ratio (CAR). The CAR is a fundamental regulatory indicator that is required under the Basel framework and is set as a rule to proper bank to require banks to hold adequate buffer against adverse unexpected events(Alnaa & Matey, 2024; Rosalina & Wahyuningsih, 2023). Rosalina and Wahyuningsih (2023) reveal that the CAR has a significant positive effect on the banking stability variable in Indonesia and (Alnaa & Matey, 2024) demonstrate its impact in the context of Ghana. But CAR is mainly an index of regulatory compliance and not necessarily a sufficient measure of the dynamic risk profile of banks, especially for jurisdictions with varying levels of regulatory enforcement (Alnaa & Matey, 2024).
Liquidity-based proxies. The liquidity measures, like liquid assets-to-deposits ratio and loan-to-deposit ratio, evaluate a bank's ability to cover its short-term obligations(Budhathoki et al., 2024; Chand et al., 2021). The authors Budhathoki et al. (2024) discover that the liquid assets-to-deposits ratio has a positive influence on the stability of banks in Asian economies. However, it should be noted that the use of liquidity ratios in cross-country designs are usually a snapshot of funding dynamics and not an indicator on their own of structural solvency.
Profitability-based proxies. To measure bank performance, ROA and ROE are often used which assumes that profitability over time will lead to stability in banks as they are able to build capital and absorb losses(Alnaa & Matey, 2024; Antwi & Kwakye, 2022; Shahriar et al., 2022). Antwi and Kwakye (2022) report that the ROA and financial stability has a strong positive long run relationship between 16 countries in Africa. Similarly, Shahriar et al. (2022) have found that the net interest margin (NIM) is positively and significantly associated with the bank stability in west Asian countries. However, profitability measures fail to include risk adjusted performance and fluctuations in returns, which are what is needed to make sure that there is actual stability(Haile et al., 2025).
[bookmark: _Toc235530857]2.2.2 Justification for the Z-Score and NPL Pair
The decision to use Z-Score and NPL ratio as the major stability proxies in this study is based on both a theoretical complementarity, and an empirical precedent. Empirical literature on banking is well documented by the authors (Syed et al., 2022), stating that, "there are several proxies that measure the banking sector's stability including total capital ratio or leverage, however, Z score and NPLs are most widely used in the literature to identify promissory banking stability and solvent banking. Their study shows that using both proxies provides "more comprehensive results" than the Z-score alone(Syed et al., 2022). Haile et al. (2025), taking a similar two-proxy stance, calculate a Bank Stability Index by weighting the Z-score and the NPL ratio, which reflect forward-looking insolvency risk and realized credit deterioration, respectively. On one hand, the Z-score is an holistic measure of bank distance from default, combining profitability, capitalization and earnings volatility(Chand et al., 2021; Mabkhot & Al-Wesabi, 2022) and, on the other hand, the NPL ratio measures the ex-post materialization of credit risk in the loan portfolio(Kanapiyanova et al., 2022; Sharma, 2024). They provide a complete, holistic evaluation, which both indices do not deliver on their own, making this the best combination to form a cross-regional comparative study, studying the transmission of inflation volatility to the stability in the banking system in economic structures across South Asian and African countries.


[bookmark: _Toc235530858]2.3 Literature that connects Inflation Volatility to Banking Outcomes.
The history of macroeconomic shocks being transmitted to the banking sector has been a major field of research, especially after the banking sector proved to be vulnerable to external shocks in successive financial crises. In this literature, inflation instability - understood as average consumer prices as well as their fluctuations - has been found to have a major influence on loan quality, bank solvency, profitability, asset quality and op overall financial fragility. This section summarizes the empirical evidence available on the relationship between inflation and banking outcomes, which comes in two variants: the first stemming from developed and emerging economies, as well as the second from frontier economies, and pointing out consistencies and inconsistencies in the findings.

[bookmark: _Toc235530859]2.3.1 Inflation and Loan Quality: The NPL Channel
There is a significant number of studies that have documented the importance of inflation as a macroeconomic factor of non-performing loans (NPLs), which are the most common way in which credit risk and deteriorated asset quality are captured. Pluskota (2021) corroborates this result of earlier research carried out by Klein (2013) in Central and Eastern Europe, whereby an increase in the level of inflation correlates positively with the NPL ratio. Likewise,(Džidić et al., 2022) show that, based on the autoregressive distributed lag (ARDL) method, the increase in consumer prices is significantly related to an increase in NPLs in BH, at a 5% level. Similarly, Hadur et al. (2020) note that the impact of the inflation rate on NPLs is significant for Romania and that in the Romanian economy, "NPLs and the overall quality of the loan portfolio are clearly linked. For the banking sector in Turkey,(Yağlı & Topçu, 2023) find that while inflation is positive and significant for state and public banks, it is negative and insignificant for commercial banks, and not significant for cooperative banks. This highlights the country-level factor that causes the inflation-NPL nexus to differ across banks.
Inflation volatility affects loan quality in a number of ways. Volatile and unpredictable inflation lowers the real income of borrowers, raises the burden of debt servicing, and reduces the capacity of borrowers households and firms to make their debt payments(Khouangvichit, 2024; Kozarić & Dželihodžić, 2020). Kozarić and Dželihodžić (2020) conclude that in Bosnia and Herzegovina "Inflation growth contributes to the decline of credit quality of credit users, due to their increased inability to pay their debts, thus posing a direct threat to financial stability.

[bookmark: _Toc235530860]2.3.2 Evidence from Developed and Emerging Economies
The relationship between inflation and banking outcomes is quite clear, but not one-dimensional, in developed and upper middle-income economies. Syed & Aidyngul (2020) perform a comparative analysis of developed and developing countries with the help of simple panel to find common macro-economic determinants that affect the NPLs but with a difference in the magnitude and transmission channels. While in developed economies, the impact of inflation on NPLs may be reduced by the power of the institutional structures and money policy, in developing economies other risks of exposure like exchange rate volatility and unemployment also exacerbate the effect (Syed & Aidyngul, 2020). Kumar et al. (2023) investigate the relationship between inflation and NPLs in GCC countries: the link between inflation and NPLs seems to differ in pre- and post-crisis periods, with the effect being favorable (negative) in pre-crisis periods but turning negative in the post-crisis periods, signaling the time-varying nature of the inflation-credit risk relationship.
The estimates for emerging economies in Asia are also complex. Lee and Rosenkranz (2020) study the determinants of NPLs in Asian economies and conclude that the inflationNPL relationship is not universal even across the Asia region, as both inflation and exchange rates "show statistically insignificant effects" on NPLs in Vietnam. Khan et al. (2021) conduct a study on the ASEAN banking industries and observe that “the impact of inflation on credit risk is ambiguous because inflation can lead to a fall in the real value of the outstanding stock (repayment is less burdensome) and a decline in borrower incomes (default risk increases.)”. This ambiguity is underscored by (Demid, 2021), who also identifies a varying impact by size percentile of banks and by type of loans – “inflation shock does not have a unambiguous significant impact” on the credit quality in Mongolia.
[bookmark: _Toc235530861]2.3.3 Evidence from Frontier and Low-Income Economies
The evidence suggests a more destabilizing and prominent role is played by inflation volatility in frontier and low-income economies, especially in Sub-Saharan Africa. Furi et al. (2022) determine that the inflation rate exerts a negative impact on the financial instability index in the East and Southern African countries, while NPLs and macroeconomic volatility both contribute synergistically to fragility in the banking sector. Okyere and Mensah (2022) investigate the impact of inflation in the Ghanaian banking system and conclude that although inflation shrinks NPLs in the long run, this is dependent on the macroeconomic environment and the quality of credit risk management in banks. The findings, however, differ from that of (Abimbola, 2020) who observes that “historical nonperforming loan, net interest margin and return on total asset influence nonperforming loan negatively in the short run” while inflation has a positive long run relationship with NPLs in Nigeria, implying that in weaker institutional environment, inflation instability reigns as a compounder instead of alleviator of credit risk.
Setiawan (2021) using the data of an Islamic banking institution in Indonesia shows that inflation can be a risk for financing while economic growth can reduce the financing risk, and "the performance of the government to stimulate economic growth is critical in reducing financing risks". In Indonesia,(Prasetyowatie & Hariadi, 2022) also discover that while inflation exerts a significant negative effect in the long-run, it offers no effect in the short-run, implying caution in drawing conclusions on the effect of inflation on banking stability within a certain time frame.

[bookmark: _Toc235530862]2.3.4 Mixed Findings and the Volatility Dimension
The literature shows that the link between inflation and banking outcomes is not necessarily different and at times, the look of the relationship is also dependent upon the level and the extent of deviation of inflation from 'zero'. Consumer Price Index (CPI) inflation may have either positive or negative effects on borrower repayment capacity, according to (Khouangvichit, 2024), depending on whether or not the inflation is anticipated. Saliba et al. (2023) conclude that in the BRICs countries, economic and financial instabilities such as inflation volatility have effects on “increasing the banking system's credit risk” and that this “is evident with banking systems that have a higher level of NPLs.” Abdolshah et. al (2020) illustrate that macroeconomic shocks such as inflation produce asymmetric distributions of portfolio losses and therefore show that the tails of the distribution of losses due to volatility, rather than the levels of the distribution, are much more significant for bank solvency than in Iran.
Overall, the literature provides strong links between inflation volatility and a decline in loan quality, the decrease in solvency, and an increased financial fragility, but these relations can be established in various ways depending on the level of income of a country, the degree of institutionalization, and the time horizon considered. The relationship is most clearly demonstrated, and with the most consistent evidence, in frontier and emerging economies, where institutional buffers are light, and inflation volatility is high; in developed economies, the relationship can be quite nuanced, with regulatory and monetary policy frameworks playing a role in moderating the effect. These mixed results highlight the need to explicitly incorporate inflation volatility, and not only inflation, into the evaluation of its impact on the stability of the banking sector.

[bookmark: _Toc235530863]2.4 Frontier-Economy Stylized Evidence and Contextual Research Gap
The empirical literature on the relationship between inflation volatility and banking stability has focused mainly on advanced and upper-middle-income economies with large stock of financial institutions and deep financial systems and with high credibility of the central banks. But the institutional makeup of frontier markets, especially in South Asia and Sub-Saharan Africa, is very different from these environments and involves unique transmission channels and amplifications of the impact of inflation volatility on banking-sector performance. This section provides an overview of stylized facts about financial systems in frontier economies, and the context in which financial systems research is still missing to justify the current study.
[bookmark: _Toc235530864]2.4.1 Thinner Financial Markets and Shallow Intermediation
The frontier economies have financial markets that are much shallower and less liquid than those in countries from advanced and even emerging-market groups. A structural limitation that hinders the transmission of monetary policy and the counter-cyclical impact of macroeconomic shocks in African economies is "shallow financial markets", as noted by (Fadol, 2025). This makes it difficult for banks to diversify risk, protect against interest rate changes, and manage maturity mismatches in the absence of a well-developed secondary market for both government and corporate debt(Fadol, 2025). EMDEs, as defined by (Syed et al., 2022), are also facing “macrofinancial vulnerabilities” not found or not as severe in advanced economies such as small investor base, limited hedging options, and so on. Due to the thinness of financial markets in frontier economies, inflation volatility might spill over more easily to the bank's balance sheet since banks have limited instruments to shield themselves from unexpected inflation (Fadol, 2025; Syed et al., 2022).
[bookmark: _Toc235530865]2.4.2 Weaker Institutional Quality
Macroeconomic instability affects banking outcomes less if the institutional quality rule of law, regulatory effectiveness, control of corruption, and governance capacity is high. Libman-Taboada (2021) is recording that one of the pre-conditions of effective monetary policy frameworks, "a well developed and stable financial system", is not "always present in emerging and less developed economies", and fiscal dominance is another. Similarly, in the African context, Fadol (2025) notes that "fiscal dominance" resistance and weak institutional frameworks cause the Central Banks to be ineffective in anchoring inflation expectations and attaining price stability. Contrary to this, (Aboyitungiye & Mathu, 2023) direct comparison, which measured the impact of monetary policy credibility on economic growth in the COMESA region compared to the ECOWAS region reveals an insignificant impact on economic growth for the ECOWAS region but significant for the COMESA region which they attribute to the variations in institutional quality and central bank governance between African sub-regions. These institutional flaws make inflation volatility in frontier economies not a macroeconomic issue but also because of the governance failures that affect the policy environment predictability(Aboyitungiye & Mathu, 2023; Fadol, 2025; Libman & Taboada, 2021).

[bookmark: _Toc235530866]2.4.3 Exchange-Rate Sensitivity and Pass-Through Effects
The volatility of exchange rates is a potent amplifier of inflation instability and is disproportionately affecting the frontier economies. Keefe (2020) shows that among both emerging and advanced countries, "perceived inflation volatility within 1% is a critical threshold beyond which countries are unable or unwilling to react to deviations in the inflation gap. Bambe et al. (2022) further record that exchange rate volatility is a big driver of the impact on economic performance in developing countries because, when an exchange rate depreciates, it leads to imported inputs cost, to domestic prices rise and to deterioration of the investment environment. This is consistent with the finding of (Montes et al., 2022) that, "a greater financial openness and exchange rate stability renders central banks less effective at implementing their monetary policies, especially in the countries with intermediate level of financial development. For frontier economies in South Asia and Africa, which highly rely on imports and often invoice their trade in hard currencies, pass-through can be quick and significant, creating a mounting difficulty to sustain financial services stability at banks (Bambe et al., 2022; Keefe, 2020; Montes et al., 2022).
[bookmark: _Toc235530867]2.4.4 Limited Monetary Policy Credibility
This is undoubtedly the most important structural feature of frontier economies: Central banks do not have a lot of credibility. As Ha et al. (2022) stress, “inflation expectations in these economies are less well-anchored than in advanced economies,” leaving EMDE central banks with the dilemma of having to take a variety of timid and aggressive monetary policy measures earlier and more frequently than their advanced-economy counterparts, even before some of the EMDE economies' recovery has materialized. This study thus demonstrates the fragility of the credibility-building process in this setting, where transparency of the central bank's transparency is the single most important factor affecting the effectiveness of monetary policy by the central bank (Misztal, 2022). Adrian et al. (2023) make a similar point by contrasting the countries where the central banks had a "prepandemic track record of meeting their inflation targets" and could take the time to experiment with unconventional monetary policy instruments with those that did not, "had to reverse course after initially easing monetary policy to stem capital outflows and reign in inflation expectations" (Adrian et al., 2023). When nominal anchors are not credible in a frontier economy, inflation shocks have a larger sway on expectations, are less transitory, and uncertainty from inflation falls more heavily on the banking sector (Adrian et al., 2023; Misztal, 2022; Syed et al., 2022).

[bookmark: _Toc235530868]2.4.5 The Contextual Research Gap
While there is significant literature on inflation and banking stability, there is a lack of comparative cross regional analysis that explicitly addresses the volatility of inflation rather than the inflation level as a key determinant of banking sector stability in frontier economies. Following Fadol (2025), it is clear that inflation-targeting regimes in Africa offer greater price and growth stability, but their effectiveness is constrained by certain structural issues, especially those associated with exchange rate controls, while non-targeting regimes continue to be more vulnerable to shocks. Even though under flexible inflation targeting, macroeconomic outcomes in ASEAN-5 countries are mostly favourable, in the eyes of (Nookhwun & Waiyawatjakorn, 2024), the “various policy tools” have had to be continuously adjusted to reflect changes in capital flow volatilities and domestic financial imbalances. We are unaware of any study that systematically compares the effect of inflation volatility on banking stability depending on the depth of the financial market, control of institutions, sensitivity of the exchange rate, and monetary credibility of the region in which it is studied, i.e., over the frontier South Asian and African countries. The current paper aims to fill this void and is an empirical study aimed at a rigorous cross-regional analysis, where inflation volatility is identified as the main relevant macroeconomic risk factor on the stability of banking sectors.

[bookmark: _Toc235530869]2.5 Theoretical Framework
The link between inflation volatility and banking sector stability does not have only one theoretical channel by which it works, but several, mutually reinforcing channels. The analytical focus of this study is within the framework of various but related theoretical approaches: asymmetric information and credit-rationing logic, Fisher effect and unexpected inflation, balance-sheet channel, and macro-financial vulnerability logic. These factors combined explain how inflation volatility can affect systematically borrower quality, uncertainty premiums, asset quality, and overall system resilience in frontier economies of South Asia and Africa.
[bookmark: _Toc235530870]2.5.1 Asymmetric Information and Credit-Rationing Logic
The basic principle of the asymmetric information approach, which dates back to the seminal work of Stiglitz and Weiss (1981), is that there are information asymmetries in the credit markets. Inflation can increase these informational frictions by making it harder to get a genuine picture of whether a loan applicant is creditworthy. This mechanism is given an explicit description if you read the paper by (Amo-Bediako et al., 2023): "Adjustments during periods of uncertainty lead to a rise in the level of information asymmetry, where banks screening applicants for loans may encounter adverse selection challenges, distinguishing between both good and ill borrowers. Faced with the high uncertainty, banks react by tightening their interest on loan, leading to a departure of creditworthy borrowers who have potentially lower return projects while speculative ones that are riskier remain in search of credit (Amo-Bediako et al., 2023). This bad selection problem implies that, 'the more risk exists in the banking sector as a group of borrowers, the harder the effort to collect repayments will be, which means that banks will be more directly vulnerable to higher credit risk and intrinsically less stable. The latter logic is echoed by (Musiita & Kijjambu, 2024) who stated that “the higher the inflation rates, the more likely higher rates of economic uncertainty and income volatility, which may lead to higher loan default rates, credit risks to lender, prompting them to resort to “risk-premium strategies” that raise interest rates to guard against potential losses.” The credit-rationing channel thus implies that inflation volatility reduces the quality of the borrower mix, raises the risk of default and shrinks banks' net interest margins, which are unable to fully account for the heightened risk.

[bookmark: _Toc235530871]2.5.2 The Fisher Effect and Unexpected Inflation
The Fisher effect assumes that the nominal interest rate will just change in line with what people are expecting of inflation, so that the real return on average is the same with fully-forecasted inflation as it is without inflation. Inflation in an unpredictable and volatile situation, however, is where it becomes very important to differentiate between expected inflation and unexpected inflation. The unanticipated inflation repels resources from creditors to the debtors, which is not what either individuals had agreed to in their financial agreement, thereby reducing the real value of the debtors' repayments of fixed-rate loans and influencing the pricing of financial contracts (Amo-Bediako et al., 2023; Chen, 2025). Using multi-country empirical data from more than 1,600 banks in 33 emerging economies, Chen (2025) reports a strong relationship between inflation uncertainty and bank stability, indicating that uncertainty in the inflation rate has a significant impact on raising bank risk. This is because unexpected inflation can impair the information aspect of nominal prices, making it challenging for banks to price loans appropriately to cover future purchasing power decline (Musiita & Kijjambu, 2024). Amo-Bediako et al. (2023) also point out that “since inflation is the usual measure of macro-economic stability or instability, the higher the inflation rate the greater the uncertainty,” and ““uncertainty injects more into the future projects as the uncertainty increases.” In short, inflation, when it is not in line with expectations, imposes an erratic real burden on debts, leading to higher numbers of debtors unable to pay out due to an insufficient increase in their income streams and causing a decline in the real income of banks' interest income.
[bookmark: _Toc235530872]2.5.3 The Balance-Sheet Channel
The balance-sheet channel is a second and supplementary transmission mechanism, where the volatility of inflation directly affects the banking outcomes through borrowers' and banks' loss of net worth. The financial accelerator channel, as made explicit in the financial accelerator literature of Bernanke, Gertler, and Gilchrist but previously used in other contexts, suggests that adverse macroeconomic conditions decrease the value of collateral assets and the net worth of borrowers, cause a covariate adjustment in loan availability, and magnify the initial shock (Brunnermeier, 2024; Huh & Kim, 2025). “The channel of monetary policy that lies in the bank balance sheet is associated with amplification of financial frictions on the impact of structural shocks on key macroeconomic variables which in turn boosts the level of term premiums” says Huh and Kim (2025). Brunnermeier (2024) takes this reasoning one step further, suggesting that "additional and persistent risk can lead to several amplification channels," one of which is an increase in the risk premium which “impact their expected net worth dynamics differently” across heterogeneous agents. The balance-sheet channel works as follows: right return shocks to the real value of assets drive up the outside finance premium creditors require and cause the asset value to be less certain (Brunnermeier, 2024; Huh & Kim, 2025). Inflation volatility first of all adds to the volatility of banks' earnings and standard deviation of ROA, which means it adversely affects the Z-score that measures the distance from insolvency (Chen, 2025) directly. This is a mechanism which is found to be empirically at work by Chen (2025): "Inflation uncertainty causes increased borrower default risk and consequently weakens bank stability, especially in emerging markets where the bank balance sheet is less safe and borrowers can less easily hedge against inflation.

[bookmark: _Toc235530873]2.5.4 Macro-Financial Vulnerability Logic
The macro-financial vulnerability framework is an all-encompassing approach that builds on the above channels of vulnerability and puts them in context of the macro-economy, where inflation volatility can erode the resilience of the financial system as a whole. Brunnermeier (2024) thinks in terms of resilience: "After all, a macroeconomy or financial system could be just as resilient at the level, yet be unresilient when it comes to volatility. In this, an inflation anchor is a “resilience enhancer” because it facilitates the monetary policy effectiveness, and a “grant” for monetary policy space to smooth out shocks from (Brunnermeier, 2024). In contrast, in situations of high inflation volatility, unanchored inflation expectations (as typical in frontier economies) lead to reduced policy space for the central bank and financial systems are more vulnerable to cascading failures. While macroprudential instruments are shown to be effective in countering this “negative effect on bank stability during inflation uncertainty”, different instruments have different degrees of effectiveness, as reserve requirements, asset-based instruments, and capital buffers appear to be most impactful (Chen, 2025). Banking systems in sub-Saharan Africa are more vulnerable to macroeconomic shocks depending on the type and the magnitude of the volatility, according to (Amo-Bediako et al., 2023), who adapt this vulnerability logic for sub-Saharan Africa, demonstrating that credit-rationing and adverse selection effects are larger in a weaker and shallower financial market quality environment.
[bookmark: _Toc235530874]2.5.5 Synthesis: A Multi-Channel Transmission Framework
These four theoretical transmission pathways represent together a consistent, layered framework to gain understanding on the mechanisms through which inflation volatility affects banking sector stability. Finis, asymmetric information and credit rationing have adverse effects on borrower quality and also induce adverse selection (Amo-Bediako et al., 2023; Musiita & Kijjambu, 2024). Unexpected inflation contributes to the mispricing of financial contracts and bias in the measurement of real returns, according to the Fisher effect (Amo-Bediako et al., 2023; Chen, 2025). The external finance premium and the depreciation of the value of collateral also increase the channel effects of a balance sheet (Brunnermeier, 2024; Huh & Kim, 2025). Added to which, the macro-financial vulnerability logic is at work, as loss of monetary credibility and the closing of a country's policy space add to the overall fragility of the banking system (Brunnermeier, 2024; Chen, 2025). The integrated theoretical base offers the analytical framework for the empirical investigation of the differential impact of inflation volatility on banking stability in South Asian and African frontier economies, for which each of the above channels of impact is anticipated to be strong.

[bookmark: _Toc235530875]2.6 Conceptual Framework and Hypothesis Mapping
The first half of the paper has argued that inflation volatility has a number of theoretical transmission mechanisms that affect the stability of the banking system, and that frontier economy structural features can increase these effects. The theoretical and empirical literature reviewed is distilled into a single conceptual pathway, focusing the theoretical lens and articulating the causal linkages between the inflation process and banking stability outcomes as formal hypotheses driving the empirical analysis.
[bookmark: _Toc235530876]2.6.1 The Causal Chain: From Inflation Process to Banking Outcomes
The theoretical model of this study assumes that the macroeconomic inflation process is transmitted through a sequence of channels to the stability outcome of the banking sector. The causal chain develops in the following manner:
Stage 1: Inflation Process → Inflation Volatility. Structural conditions such as dependence on commodity prices, location of the exchange rate pass-through, the fiscal bias, and the relatively low credibility of monetary policies help determine the process of inflation in frontier economies. Such factors represent a source of not only high inflation rates but also of high and variable inflation volatility – that is, large fluctuations over time in the overall level of prices. As noted by Haile et al. (2025), "high inflation results in the loss of income by consumers and increases credit risk" and "exchange rate volatility poses considerable exchange risk to banks, primarily those that are engaged in foreign currency lending and investment. This means that the inflation process in frontier economies is characterised by a volatility signal that differs in nature and is more important than the average inflation rate.
Stage 2: Inflation Volatility, which leads to Uncertainty, Repayment and Asset-Quality Channels. After being created the inflation volatility is communicated to the banking field via three interrelated channels:
Asymmetric information and credit-rationing mechanisms discussed in Section 2.5 are used for operation of the uncertainty channel. Financial bonds suffer from a re-balancing premium in the event of higher inflation volatility; inflation volatility also reduces the safety of the banks and leads to adverse selection in credit markets. In their research, Chen (2025) obtains direct evidence for the following: across emerging economies, higher inflation uncertainty significantly increases bank risk; Baum et al. (2020) shows that inflation uncertainty reduces private sector credit availability, adversely affects banks' efficiency and operational performance (measured through returns and the need for banks to rely on non-interest income activities) and harms sectoral stability (measuring banks' appetites for risk, liquidity provision and credit risk). Intermediation's cost is therefore increased by the uncertainty channel, and bank risk adjusted returns are reduced.
The repayment channel reflects how volatility, and unpredictability, of inflation impacts borrowers' ability to repay. Volatile inflation can lead to declining real incomes, rising real debt burden (if nominal wages prove sticky) and less certainty of cash flows for both households and companies. According to Msomi (2022), "Inflation has significant impact on non-performing loans of West African commercial banks thus it is imperative to keep the inflation rate low at the economies of West Africa so that non-performing loan can be paid off in a timely fashion and not too expensive." Furi et al. (2022) confirm this for East and Southern Africa, as the inflation rate has a negative influence on the financial fragility indicator; inflationary effects, in combination with NPLs and macroeconomic volatility, contribute to banking fragility. The repayment path then, translates optically, inflation volatility to quality decline in loans.
 [image: ]
The asset-quality channel applies to the sum of uncertainty, and hardship in repayment, and its effects on bank loan portfolios and their value. The volume of non-performing loans increases, provisioning pressures grow and bank capital gets consumed as borrowers default in greater numbers and collateral values are more uncertain. Awdeh et al. (2024) also agree that high inflation does indeed adversely affect the bank's financial stability and erodes banks' credit risk in MENA economies, and World Development Report (2022) comments that "accurate and timely indicators of loan quality are essential to gauge the overall health of the financial sector", and that the LMICs shows the greatest vulnerability as “a smaller increase in NPLs would deplete capital buffers for a significant share of banking system assets.” The asset-quality channel then represents borrower level stress that breaks into system-level stress.
Stage 3: Channel Effects - Banking Stability Outcomes. The uncertain, repayment, and asset-quality channels combined have a long-lasting adverse effect on banking stability outcomes that is observable. Increased return variability due to higher volatility in inflation has a negative impact on the Z-score, which represents the distance from default, incorporating profitability, capitalization and earnings volatility. As borrowers face distress and the future prospects of assets used to secure loans grow more uncertain, the NPL ratio increases (World Development Report 2022: Finance for an Equitable Recovery, 2022; Msomi, 2022). All these outcomes are combined and, together, they point to a decline in the ability of the banking system to weather additional shocks and, consequently, to the potential for systemic fragility.

[bookmark: _Toc235530877]2.6.2 The Moderating Role of the Macro-Financial Environment
Additionally, it is conceptually acknowledged that the inflational volatility-banking stability relationship is dependent on the macro-financial environment in which banks operate. Regulatory buffers, hedging instruments and well-anchored exchange rate and monetary policy expectations partially offset the transmission channels in better institutional environments, less-developed financial markets and less sensitivity to exchange rate fluctuations. As seen in Chen (2025), macroprudential measures, such as reserve requirement ratios, asset-based policies, and capital buffers, show potential to counteract this negative impact and stabilize banks in times of inflation uncertainty. Awdeh et al. (2024) also conclude that other factors may mitigate the adverse effect of inflationary pressures on the financial stability of the MENA banks, such as better capitalisation, higher liquidity buffers, larger asset size, greater market power, foreign ownership, and overall political stability. However, during poorer macro-financial conditions, especially many of the economies in the South Asian and African continental growth markets, the lack of these buffers heightens the negative impact of inflation variability on banking outcomes (Furi et al., 2022; Haile et al., 2025).

[bookmark: _Toc235530878]2.6.3 Formal Hypotheses
Based on the above conceptual arguments, the following is the formalization of the hypotheses to guide the empirical study:
H1: Higher inflation volatility reduces banking sector stability as measured by the Bank Z-score. This hypothesis follows directly from the uncertainty and asset-quality channels, which predict that volatile inflation compresses risk-adjusted returns, increases earnings variability, and erodes capitalization, thereby reducing the distance from insolvency captured by the Z-score (Awdeh et al., 2024; Baum et al., 2020; Chen, 2025).
The hypothesis represent the operation of the multi-channel approach and offer a framework for testing the above data in the context of the cross-region comparison of banking sector stability and inflation volatility across the South Asian and African countries, allowing for weaker or conditional positive responses on NPLs with respect to inflation volatility in the empirical results.





[bookmark: _Toc235530879]CHAPTER 3: METHODOLOGY

[bookmark: _Toc235530880]3.1 Research Design and Empirical Strategy
In this study, the adopted research design is a cross country panel research with secondary macro financial data from well-known international data database targeted at frontier economies in south Asian and Sub-Saharan African region. The choice of the comparative group is driven by acknowledging the fact that both regions are structural similars that are described as bank-centric and developing financial systems, which suffer from the presence of information asymmetry, underdeveloped capital markets and large macroeconomic shocks (Banyen, 2021; Rahman et al., 2024). The banking industries in Sub-Saharan Africa and South Asian economies are commonly vulnerable to shaky macro-economic foundations and external shocks and stresses (Amo-Bediako et al., 2023). The decision to choose countries in those two regions thus offers good grounds for analysing whether and how inflation volatility affects banking-sector stability under institutional and monetary-policy conditions.
This study estimates the effect of inflation volatility on banking stability through a simple panel-data strategy. Fixed Effects and Random Effects estimators are present as they represent a regular and transparent method to analyze a cross-country panel. Fixed Effects control for time-invariant country-specific characteristics and Random Effects provide a method for including country-specific heterogeneity in the error structure. Then a Hausman test is performed to determine which of the two specifications (Fixed or Random Effects) should be used to interpret each of the panel models.

[bookmark: _Toc235530881]3.2 Country Selection, Frontier-Economy Classification, and Panel Structure
A systematic two-stage procedure is used in selecting countries to be studied. First step is to identify the economies based on an external and consistent frontier-market definition. In particular, the study relies on S&P's frontier-market indexes that have been widely used in cross-country empirical analysis on frontier economies (Ababio et al., 2020). The categorisation is supplemented by the MSCI frontier-market classification, which classifies countries based on market accessibility, size, and liquidity, thus offering a well-defined and externally verified taxonomy that separates frontier economies from emerging and developed markets (Sheraliev & Ślepaczuk, 2023). The UNCTAD Commodities and Development Report also supports the identification of frontier market economies (FMEs) in both regions as it reveals that the range of these includes different World Bank income classifications, such as least developed countries and small island developing states (Eberhardt & Presbitero, 2021). Anchoring country selection on these internationally recognised classifications by the researchers prevents an ad hoc and/or arbitrary application of grouping, which is a source for sample selection bias in cross-country studies (Zallé, 2023).
In the second step, the frontier economies those are external classified are intersected with the barriers of data availability. Countries are only kept if they have macro-financial data reasonably near to complete over the study period, from the World Bank's World Development Indicators, the IMF's Financial Development Index Database and the Global Financial Development Database  (Malikane & Chomba, 2022). This is done based on the data available, following the usual procedure in empirical studies where the samples are determined by the availability of the necessary variables (Effiong et al., 2020; Malikane & Chomba, 2022). The panel then includes frontier economies that span across South Asia and Sub-Saharan Africa, allowing for valid cross-country, cross-regional comparisons of inflation volatility transmission to banking sector stability.
The final panel is however imbalanced as some variables and time periods have missing data for some countries. Macro-financial datasets in developing or frontier economies are subject to this, with gaps in the dataset being commonplace as a result of civil conflict, institutional disruption and limitations of statistical capacity (Malikane & Chomba, 2022; Ndulu & O’Connell, 2021). Unbalanced panel can be used methodologically when obtaining Fixed Effects and Random Effects estimates, although the number of observations and the number of countries included across each specification of the model should be reported and imputation should not be used excessively.


[bookmark: _Toc235530882]3.3 Data Sources, Sample Windows and Coverage Logic
The macro-financial data used in this study are primarily sourced from the World Development Indicators (WDI) and the Global Financial Development Database (GFDD) and are the most extensive ones available in the public domain for cross-country banking and macroeconomic indicators as it concerns developing countries (Abaidoo & Agyapong, 2023; Kulu & Osei, 2023). The WDI offers selected macroeconomic indicators, such as consumer price inflation, GDP growth, and broad money supply, and the GFDD presents financial indicators for the banking sector such as the bank Z-score, non-performing loans (NPL) ratio, bank concentration and regulatory capital ratios (Kulu & Osei, 2023; Saliba et al., 2023). Where applicable, these sources are complemented by the Financial Soundness Indicators (FSI) series provided by IMF, which provides complementary information on banking system health and is related to World Bank reporting framework (Philippines Financial Sector Assessment, 2021). Since this is the conventional approach in cross country financial stability studies (Abaidoo & Agyapong, 2023; Kulu & Osei, 2023), control variables representing the institutional quality are drawn from the Worldwide Governance Indicators.
One methodological issue is where the critical periods of the key-dependent variables lie. The WDI covers most countries, and data on inflation starts as early as from the 1960s, which means that there is extensive time-series depth available for inflation volatility estimations. But, the trade-off is that banking stability indicators have significantly reduced coverage periods. Banks' z scores calculated using bank-level ROA, capitalisation and the standard deviation of ROA, are generally available in the GFDD since the mid-1990s or later, for most frontier economies (Goyal et al., 2023; Syed et al., 2022). Consistent and cross-country NPL ratio reporting, which reflects credit risk and deterioration in asset quality, has even less availability, with many Sub-Saharan African and South Asian countries first starting to report regular consolidated data in the early to mid-2000s (Saliba et al., 2023; Tătărici et al., 2020). This means that in order to estimate these effects, two separate estimation samples had to be prepared, and not a composite panel, as the inflation data and the banking stability indicators were released at different dates.
Accordingly, the study makes use of the largest set of country-years covered by the presence of the Bank Z-score, the GARCH(1,1)-computed inflation volatility, and the control variables needed in the three models. The pairwise sample is very extensive in the Bank Z-score cases, but is reduced for the additional sampling cases of including GDP growth, real interest rate, and additional controls. Therefore, this design is more compliant than setting a single time window due to the fact that banking-stability and macroeconomic indicators do not have the same coverage across all frontier economies.

[bookmark: _Toc235530883]3.4 Variable Definitions, Measurement, and Expected Signs
This subsection introduces formally the variables used in the updated simple panel analysis, details how they should be measured, and claims the theoretically expected sign for the Bank Z-score model.
[bookmark: _Toc235530884]3.4.1 Dependent Variables
Bank Z-score is the key indicator of banking sector stability. It is calculated by dividing the sum of ROA and the ratio of equity to assets by the standard deviation of ROA (Goyal et al., 2023; Syed et al., 2022). A higher Z-score is more distant from insolvency and hence the bank's condition is more stable (Haile et al., 2025; Yunita, 2022). The Z score is commonly used in the banking stability studies across the countries because of its ability to measure both capitalisation buffers and earnings volatility in one indicator (Anjom & Abu Taher Mohammad Omor Faruq, 2023; Lestari et al., 2023).
The application of non-performing loan (NPL) ratio as a contextual banking-risk indicator has been applied to the literature review and descriptive discussion. But in accordance with the new empirical design, the regressions for the main panel use the Z-score for banks as the dependent variable. This makes the model simpler. 
[bookmark: _Toc235530885]3.4.2 Independent Variable
The conditional variance produced by a country-specific GARCH(1,1) model of the annual consumer price inflation is used as the key explanatory variable, that is, as the measure for inflation volatility. This is the still benchmark volatility measure for the updated project. Robustness tests with AR(1)-GARCH(1,1), EGARCH(1,1) or by comparing volatilities across the various windows can be made, but it is advisable to use the baseline GARCH(1,1) series in the interpretation. Based on theory, we would expect an increase in the level of inflation volatility to impact negatively on Bank Z-score because of inflation volatility's role in lowering credit allocation security, earnings stability, and balance-sheet strength.

[bookmark: _Toc235530886]3.4.3 Control Variables
Macroeconomic business cycle is captured by the growth of GDP. In times of economic growth, borrowers' repayment ability and bank profits usually rise, and the financial health of the banking sector should improve. So a positive expected sign of GDP growth was kept in the Bank Z that represents the upper bound of the causation from credit to growth.
Real interest rate (or proxy of lending rate if the real rate not available) indicates the cost of borrowing and monetary policy stance. High real interest rates impose high debt-servicing cost on debtors and high risk on debt repayments (Olarewaju, 2020; Wanjala & Gachanja, 2020). The sign of the Z score model should be negative while sign should be positive in the case of NPL model as have been indicated by Msomi (2022) and Syed and Aidyngul (2020).
Financial depth and extent of credit intermediation (as measured by domestic credit to private nonfinancial corporations and households) is represented by domestic credit to the private sector (as a percentage of GDP). Although deepening the credit market may contribute to financial development, high credit growth is linked to the weakening of the lending market and subsequent loan losses (Antony & Suresh, 2023; Goyal et al., 2023). The expected sign is ambiguous but is expected to be negative in the case of the Z-score model and positive in the case of the NPL model that is considered as the procyclical channel of credit risk prevalent in frontier economies (Olarewaju, 2020; Saliba et al., 2023).
Volatility of the exchange rate gives external sector vulnerability. A depreciation and currency volatility makes foreign currency liabilities more costly in local currency, puts more pressure on borrowers' balance sheets, and intensifies banking sector stress (Lee & Rosenkranz, 2020; Syed & Aidyngul, 2020). The sign is negative, as in the Z-score Model, and positive in the NPL Model, as emphasised in the article ‘Nonperforming Loans in Asia and Europe Causes, Impacts, and Resolution Strategies,' which was published in 2021 (Muhammed et al., 2023).
The ratio of bank capital to assets indicates the size of capitalisation buffers against losses. A bank with higher capital, has greater resilience to adverse shocks and lower insolvency risk (Alnabulsi et al., 2023; Saliba et al., 2023). The anticipated sign is positive for Z score model and negative for NPL model which align to the moral hazard hypothesis which suggests that a higher capitalisation would limit excessive risk taking (Hasan & Ashfaq, 2021; Wanjala & Gachanja, 2020).
Return on assets (where appropriate through coverage) are indicators of bank profitability and earning potential. Better banks with higher profitability have more capacity to develop more loss absorption buffers and have better systems of credit screening in place (Antony & Suresh, 2023; Yahaya et al., 2022). The Z score model is expected to have a positive sign while in the NPL model, the sign is expected to be negative (Ahmed et al., 2022; Ozili & Ndah, 2021).
Liquidity ratio (liquid assets to deposits and short-term funding, if data is available) reflects a bank's capacity to meet its short-term obligations. Bank liquidity decreases risks of fire sale losses and systemic contagion (Fombang & Wanzala, 2023; Yahaya et al., 2022). The sign that should be observed of the Z-Score model should be positive because higher liquidity decreases distress driven default while the sign for the relationship with NPLs is theoretically ambiguous because too much or too little liquidity may result in fewer distress driven defaults; however, too much liquidity may reflect conservative lending which increases inefficient NPLs (Msomi, 2022; Olarewaju, 2020).
Table 3.1 below summarises the expected signs:
	Variable
	Z-score Model
	NPL Model

	Inflation Volatility
	−
	+

	GDP Growth
	+
	−

	Real Interest Rate
	−
	+

	Domestic Credit/GDP
	−
	+

	Exchange Rate Volatility
	−
	+

	Bank Capital/Assets
	+
	−

	Profitability (ROA)
	+
	−

	Liquidity Ratio
	+
	− / ambiguous


[bookmark: _Toc235530887]3.5 Measuring Inflation Volatility
Correctly measuring the volatility of inflation is an essential element in the empirical method of the present work; the impact of macroeconomic uncertainty on the stability of the banking sector is very much related with the way in which price-level variability is measured. This subsection describes the baseline and robustness strategies used to create the inflation volatility variable for each country in the panel.
[bookmark: _Toc235530888]3.5.1 Baseline Method: GARCH(1,1)
The main variable used as a measure of inflation volatility is the Generalised Autoregressive Conditional Heteroskedasticity (GARCH) (1,1) model estimated on the annual consumer price inflation series for each country separately. The GARCH(1,1) specification allows the conditional variance of inflation to depend on past squared residuals (ARCH term) as well as past conditional variances (GARCH term) which is to capture the clustering of variance observed over time and is a characteristic of macroeconomic series in developing countries. Formally, the conditional variance equation is specified as:
σt2 = ω + αεt-12 + βσt-12
where σt2 denotes the conditional variance of inflation at time t, εₜ₋₁² represents the squared innovation from the mean equation, and α and β are the ARCH and GARCH parameters, respectively.
The GARCH(1,1) specification is preferred for the main analysis for several compelling reasons. First, it takes into explicit consideration the time-varying nature of volatility that is the well-known empirical regularity that volatility tends to cluster; in other words, periods of high volatility are followed by more high volatility, and periods of low volatility are followed by more low volatility, which is very pronounced in frontier economies facing higher supply volatility, commodity prices swings and policy uncertainty. Second, the GARCH framework produces a time varying series of conditional variances that provides a measure of forward-looking uncertainty and, by that definition, provides a theoretically better approximation to dispersion as perceived by economic agents and the banking system as a form of inflation risk. Third, the GARCH(1,1) framework has been widely used and tested in macroeconomic volatility literature in Sub-Saharan African and South Asian countries for empirical comparisons. Furthermore, panel literature indicates that GARCH(1,1) is well suited for applications to panel data in a developing country context – for example Olamide et al. used GARCH(1,1) to estimate climate-related volatility for economies within Sub-Saharan Africa and Amo-Bediako et al. used the same specification to estimate exchange rate instability in the SADC.

[bookmark: _Toc235530889]3.5.2 Robustness Method: Rolling Standard Deviation
For a robustness check which is complementary to the previous one, a rolling measure of inflation volatility is defined as the standard deviation of the various annual inflation rates computed over a specified window of years (usually 3 to 5 years). This non‐parametric method involves a simple calculation of the unconditional variation of inflation over each rolling window, without making assumptions on the distribution of the data‐generating process or its functional form. Since GARCH parameters are often not easily estimable for each individual country with short time series, the rolling standard deviation has been widely used as robustness proxy of volatility in the cross-country macroeconomic research.
In order to report the rolling standard deviation, which is retained as a robustness measure, but not as a primary specification for two main reasons: The rolling window model, first, is similar to the GARCH model in that an observation from any point on the window has the same effect on the AR(1) term, effectively equal weighting, and does not explicitly identify between different persistent regimes of volatility and transient shocks, which may be blamed for important structural changes in inflation dynamics. Secondly, in the case of fixed-window construction, there is a natural trade-off between responsiveness and stability in that narrower windows will capture the shorter-term changes, but might suffer from ‘noise' while wider windows might effectively remove the ‘noise' but at the cost of observing the regime change. However, the use of the rolling standard deviation as a robustness proxy secures the credibility of the overall results of the study and their independence from having been generated by the GARCH modelling assumptions made. The study uses both methods because of the established good practice in the empirical literature of using both parametric and non-parametric volatility measures to bolster the credibility of their inferences concerning the inflation volatility/banking stability nexus.

[bookmark: _Toc235530890]3.6 Preliminary Panel Diagnostics
An extensive panel diagnostics check is performed before the main empirical models are estimated. These diagnostics can be used for two purposes: to assess the statistical structure of the data set and to give a solid empirical test for the choice of the estimators. Both diagnostic procedures suggest that the mechanical application of the methods may result in biased, inconsistent and/or suboptimal estimates, especially in cross-country panels where a large number of heterogeneity, cross-section dependence, and non-stationarity are present (Aladejare, 2023; Tachega, 2025). This subsection, therefore, outlines the following 6 sequential diagnostic procedures.

[bookmark: _Toc235530891]3.6.1 Descriptive Statistics
The diagnostic sequence begins with the calculation of descriptive statistics for each (and all) variables (Х), which include measures of central tendency (mean, median), of measures of dispersion (standard deviation, minimal, maximal value) and of the properties of distribution (squaring, asymmetry). Aladejare (2022) and Almeshari et al (2023) report these statistics at both the country and pooled panel level, showing the presence of cross-sectional heterogeneity in the data. Additionally, descriptive statistics provide the very first tryout for any outliers, data entry mistakes, and the quantity of within panel variation compared to between panel variations, informing decisions about models (Onifade et al., 2023; Wu et al., 2021).
[bookmark: _Toc235530892]3.6.2 Correlation Analysis and Variance Inflation Factor (VIF)
After this descriptive analysis, a Pairwise correlation matrix is presented to determine the bivariate correlation of all the variables and to give a preliminary sense of the potential multicollinearity (Özdemir, 2023; Tachega, 2025). Correlations matrices should however only record bivariate relationships and the Variance Inflation Factor (VIF) is, therefore, also calculated for each regressor to assess multivariate collinearity. The value of VIF larger than the traditional benchmark of 5 or 10 indicates the presence of potentially high multicollinearity in the matrix, which can lead to an overestimation of the magnitude of the standard errors, causing unstable coefficient estimates (Tachega, 2025; Wu et al., 2021). Performing some operations to remove or transform excessively high VIF value variables before the main estimation is suggested (Özdemir, 2023).
[bookmark: _Toc235530893]3.6.3 Cross-Sectional Dependence Test
One of the key diagnostics for cross country panel data analysis is the test for cross-sectional dependence (CSD), which can occur when the same, unobserved, common factors like global commodity price shocks, international monetary policy spillovers, or regional contagion effects affect many countries in the panel simultaneously (Aladejare, 2023; Sahu & Mahalik, 2024). The study adopts the well-known Pesaran CD test, which is suitable for small and large cross-sectional dimensions  (Pal & Mahalik, 2024; “Role of Oil Prices in Financial Instability, Trade Openness and Economic Growth: Evidence From ASEAN Countries,” 2023). However, if the null hypothesis of cross-sectional independence is not accepted, then one must use second-generation panel estimators that explicitly allow for CSD because first generation panel estimators (e.g., standard fixed-effects) which assume independence in the errors across cross-sections, are potentially biased and inconsistent (Aladejare, 2023; Kuti et al., 2023). Further, the Breusch-Pagan LM (1979) and Pesaran scaled LM tests are used as additional CSD diagnostics for robustness (Onifade et al., 2023; Tachega, 2025).

[bookmark: _Toc235530894]3.6.4 Slope Heterogeneity Test
Since slope coefficients are assumed equal across countries, the Pesaran and Yamagata Delta Tilda (Δ̃) and Delta Tilda Adjusted (Δ̃_adj) slope homogeneity tests conducted by Aladejare (2023) and (“Role of Oil Prices in Financial Instability, Trade Openness and Economic Growth: Evidence From ASEAN Countries,” 2023) are tested. These tests are designed to determine if the relationship between inflation volatility and banking stability is the same for all frontier economies or if important differences are found from one country to another. An estimate of the average effects, obtained by the estimators imposing common slope coefficients, such as pooled OLS and standard fixed effects, can become misleading if cross country heterogeneity exists and the null hypothesis of homogeneity of slopes is rejected (Kuti et al., 2023; Sahu & Mahalik, 2024).
[bookmark: _Toc235530895]3.6.5 Panel Unit Root Tests
The stationarity properties of all variables are examined using both first-generation and second-generation panel unit root tests. First-generation tests such as Levin-Lin-Chu (LLC) and Im-Pesaran-Shin (IPS) tests are used as baseline diagnostics (Marimuthu et al., 2021; Olamide et al., 2022). But, to account for the possible presence of cross-sectional dependence as revealed in the previous diagnostic step, the most commonly reported second-generation unit root tests, namely, Cross-sectionally Augmented Im-Pesaran-Shin (CIPS) test and Cross-sectionally Augmented Dickey-Fuller (CADF) test developed by Pesaran (2023)) and Sahu & Mahalik (2024), are used as the main stationarity diagnostic tools. Such tests complement the standard ADF regressions by enriching them with lagged level and first difference cross-sectional means to compute reliable inference in the presence of CSD and slope heterogeneity such as in (Delessa et al., 2024; Pal & Mahalik, 2024). 
[bookmark: _Toc235530896]3.6.6 Cointegration Testing
If the results of unit root tests show that key variables are first order integrated, I(1), cointegration tests are conducted to determine if there is a stable long-run relationship among the variables. The study uses the Westerlund's error correction-based panel cointegration test which specifically tests for cointegration by testing for the presence of error correction at each of the individual units and for the panel data as a whole (Iheonu, 2025; Tachega, 2025). The Westerlund framework is immune to cross-sectional dependence (CSD) and is not dependent on long-run relationships (LRRs) as in the case of residual-based framework like the Pedroni test (Pal & Mahalik, 2024; Sahu & Mahalik, 2024). The Westerlund test calculates four statistics; two group-mean statistics (Gt, Ga), and two panel statistics (Pt, Pa) which assess cointegration from individual cross-sectional and collective panel views, respectively (Iheonu, 2025; Onifade et al., 2023). If cointegration is detected, then the long-run specification is considered and estimated using proper cointegration-consistent estimators and if cointegration cannot be detected the model is re-specified in first differences or other short-run modeling frameworks (Almeshari et al., 2023; Bayar et al., 2020).
All these diagnostic tools can help in selecting a suitable simple panel estimator. The important decision in the revised framework is to decide on which estimator to use: Fixed Effects or Random Effects. For this reason, the Hausman test is used to check if there is a correlation between the regressors and the unobserved country-specific factors, and if the Fixed Effects estimator is preferable to Random Effects.
[bookmark: _Toc235530897]3.7 Baseline Estimation Method: Simple Panel Fixed Effects and Random Effects
The new baseline empirical approach applies a simple panel-data model. The order of confirmatory panel models starts with the inclusion of the single most important independent variable, GARCH(1,1)-based inflation volatility, followed by the addition of other independent variables, namely, the controls.
All time-invariant country-specific characteristics, like geography, legal origin, longstanding institutional structure, and historical characteristics of the financial system, are controlled through the Fixed Effects model. It estimates the relationship using within-country variation over time.
FE baseline: Zit​=αi​+β1​INFVOLit​+γ′Xit​+εit​ 
where z is a bank z-score for country i and year t, infvol it is a baseline GARCH(1,1) measure of inflation-volatility, x it is a set of control variables, alpha i are country fixed effects, and epsilon it is an idiosyncratic error term.
The country-specific differences can also be included in the Random Effects model but are part of the composite error term and are assumed to be uncorrelated with the regressors. This estimator is more efficient if the Random Effects assumption is valid.
Random effects baseline: Zit​=α+β1​INFVOLit​+γ′Xit​+ui​+εit​
[bookmark: _Toc235530898]3.7.1 Hausman Test and Estimator Choice
The Hausman test is used to choose between Fixed Effects and Random Effects. The null hypothesis is that of consistency and efficiency of Random Effects. A Hausman p-value of < 0.05 leads to rejection of the null and the selection of Fixed Effects. Random Effects can be used for interpretation in case that the p value is 0.05 or higher. This leads to a transparent estimator-selection rule for the 6 panel-models. 
[bookmark: _Toc235530899]3.8 Stepwise Panel Model Specifications
The results are presented in six panel models. Model 1 of the Panel is the base line model - Fixed Effects with only GARCH(1,1) inflation volatility. Panel Model 2 presents the baseline model with only GARCH(1,1) inflation volatility (Random Effects).
Both Fixed Effects and Random Effects are reported in the baseline specification in Panel Model 3, and the Hausman test is applied. Both are reported in Panel Model 4 in the presence of a control variable for GDP growth.
Once adding the real interest rate as a control variable, model 5 is amenable to reporting both of the estimators. Panel Model 6 reports the entire model along with GARCH(1,1) inflation volatility, GDP growth, real interest rate and all other control variables available for use in the project.
The general full-model equation is: Zit​=αi​+β1​INFVOLit​+β2​GDPit​+β3​RIRit​+δ′Controlsit​+εit​
for Fixed Effects, and Zit​=α+β1​INFVOLit​+β2​GDPit​+β3​RIRit​+δ′Controlsit​+ui​+εit​
for Random Effects. The primary explanatory variable throughout all of the models is the baseline 
GARCH(1,1) volatility variable.

[bookmark: _Toc235530900]3.9 Robustness, Heterogeneity, and Nonlinearity Methods
A set of extensive robustness, heterogeneity, and nonlinearity tests are performed to send a free-rider in this context, and to investigate the multidimensionality of the banking stability–inflation volatility relationship.
[bookmark: _Toc235530901]3.9.1 Alternative Volatility Proxy and Control Sets
We use the rolling standard deviation proxy for inflation volatility measure instead of the baseline GARCH(1,1)-based one, as described in Section 3.5, to check whether the findings are robust against the choice of volatility building method, following (Bui & Kiss, 2020). Furthermore, alternative control variable combinations are investigated, since the coefficient for the inflation volatility is tested, with and without additional controls like bank profitability measures and institutional quality indicators, to check the sensitivity of that coefficient to an omitted variable bias and/or multi-collinearity problems (Addis, 2025). This method allows the effect estimate of inflation volatility on banking stability to not be dependent on a specific combination of covariates (Bilalli & Sadiku, 2023).
[bookmark: _Toc235530902]3.9.2 Estimator and Specification Sensitivity
The sensitivity of the simple panel estimates is investigated by examining the Fixed Effects and Random Effects coefficients and deliberately testing the Hausman-test decisions; step by step adding of the control variables is further analyzed. The primary interest is to see if sign and meaning of the GARCH(1,1) inflation-volatility coefficient is consistent across Panel Models 1-6.

[bookmark: _Toc235530903]3.9.3 Regional and Institutional Heterogeneity Split
To analyze if the inflation volatility–banking stability nexus systematically varies across regions, the entire panel is separated into two sub-samples, namely South Asian and Sub-Saharan Africa, and the baseline models are re-estimated for each regional sub-sample (Karadam & Öcal, 2020). In addition, the heterogeneity among institutions is examined by splitting the sample into countries with better and weaker institutional quality based on the governance quality indicators; to determine if there are differences in inflation volatility effects in banking sector outcomes between groups with better and weaker institutional structures (Addis, 2025; Ali & Mim, 2022).
[bookmark: _Toc235530904]3.9.4 High- versus Low-Inflation Regime Analysis
In order to assess the regime-dependent nature of the relationship between inflation volatility and banking stability, the study divides the sample into two groups: high inflation and low inflation (Addis, 2025; Karadam & Öcal, 2020) country-year observations. The motivation for this regime based analysis rests on the theoretical basis that inflation volatility can have a higher marginal destabilizing impact in high inflation economies because this usually worsens the macro-economic fragility of the economy and undermines the effectiveness of monetary policy transmission (Bilalli & Sadiku, 2023; Sule et al., 2024).
[bookmark: _Toc235530905]3.9.5 Threshold & Interaction Based Nonlinearity Tests
Last, the study formally examines the robustness of the inflation volatility–banking stability relationship by employing two alternative test strategies. Second, a quadratic (squared) term for inflation volatility moves forward from the baseline specification to check for potential U-shaped or inverted U-shaped relationships, such that moderate inflation volatility may not have any impact, but extreme inflation volatility may lead to a disproportionate banking instability (Ali & Mim, 2022; Ekananda, 2022). Second, we also included all the interaction terms between variables to understand whether the effect of inflation volatility on banking stability is conditional on institutional and structural factors such as institutional quality, financial depth and regional dummies (Addis, 2025; Karadam & Öcal, 2020). The tests of this paper quantify these interactions and are thus able to offer more detailed evidence on the pathways through which inflation volatility is tied to differential impacts of inflation volatility on the banking systems of heterogeneous frontier economies.

[bookmark: _Toc235530906]3.10 Data Architecture, Missing-Data Treatment, and Indicator Availability Map
Building up a reliable and analytically sound set of data from the various international sources involves systematic data cleaning, variable harmonisation, documentation of missing-value procedures and explaining the country exclusions. This subsection explains the steps of the data architecture in detail, so as to be fully replicable and explain the used methodology.
[bookmark: _Toc235530907]3.10.1 Data Cleaning and Variable Harmonisation
Data from three sources, namely the World Bank's World Development Indicators (WDI), the Global Financial Development Database (GFDD), and the IMF Financial Soundness Indicators (FSI), are gathered and arranged in a common country-year panel format (Haile et al., 2025; Lestari et al., 2023). These databases will use various types of reporting conventions, variable definitions and measurement units between countries and over time and so a strict harmonisation procedure is used. To make the result of the analysis of monetary and financial variables comparable across countries, the monetary and financial variables are used in percentage (standardisation as a ratio to GDP), following the practice of comparative macro-financial research (Ibrahim et al., 2022; Paul et al., 2021). To avoid mismatch due to differently named countries across the various databases, country names are harmonised based on ISO 3166-1 alpha-3 codes (Nabaweesi et al., 2023). To remove inflationary distortion of values reported in local currency unit, variables are converted to a constant US dollar using the World Bank deflators. Furthermore, all time series are harmonized to a calendar year frequency since some of the databases provide fiscal year data, which would cause the panel to be potentially temporally misaligned if not harmonized (Samosir & Usman, 2024).
[bookmark: _Toc235530908]3.10.2 Missing-Value Treatment
Overall, missing data is a major challenge in the construction of macro-financial cross-country panels, especially for frontier economies, which suffer from lack of statistical capabilities, institutional breakdowns, and civil conflicts that often leave statistical reporting incomplete (Haile et al., 2025). It takes cautious and transparent approach to address missing value treatment. Single years with negative data for other variables in continuous series, such as malaria and HIV/AIDS, are first interpolated linearly, which is a common approach used in panel-based literature, because it does not add or impute structural patterns (Azaria & Sihaloho, 2021; Ibrahim et al., 2022). This interpolation is used sparingly and only if the gap is bracketed by the observed values on either side so that there is no extrapolation outside of the observed data range.
Second, no imputation is conducted for variables having longer gaps – variables with at least two consecutive missing years are not imputed. These observations are, instead, kept missing and the panel is kept unbalanced following the methodological rationale given in Section 3.2 (Haile et al., 2025; Nabaweesi et al., 2023). A conservative approach is used because aggressive imputation methods (e.g., multiple imputation and expectation-maximisation) can create artificial data structures that could lead to relationships that are misleading in the overall sample, especially with small cross-sectional samples where each country's data is assumed to drive a significant portion of the overall findings (Khan et al., 2021; Paul et al., 2021).
[bookmark: _Toc235530909]3.10.3 Country Exclusions
The final sample excludes countries that are originally selected in the frontier-market sample year under two circumstances. The first criterion applies to countries where less than half of the study period has information in the primary dependent variables (bank Z-score, NPL ratio), as such countries would not add much information but would significantly increase the share of missing observations in the panel and potentially affect panel diagnostics outcomes (Haile et al., 2025; Lestari et al., 2023). Second, countries with extensive bank network failures (crisis years where the share of banks that fail exceeds 10 percent) or hyperinflation (episode years where the average inflation rate is above 1000 percent per annum) are flagged and subjected to sensitivity testing, since they can be unduly affecting the estimated coefficients and could lead to spurious patterns in the relationships (Ikpesu, 2024; Khan et al., 2021). A supplementary appendix has been provided for each exclusion, providing a full explanation for the exclusion.
[bookmark: _Toc235530910]3.10.4 Indicator Availability Map and Final Usable Observations
The availability matrix of indicators, in matrix format with country by indicator, is achieved to visualize the available data as a proportion of the data for the period of study (Nabaweesi et al., 2023; Samosir & Usman, 2024). The pro Visual diagnostic tool can work in different ways: it can be used to see patterns of missingness across regions and variables; to detect potential for selection bias from systematic missingness; and to visualize at a glance how representative the final estimation sample is (Haile et al., 2025; Ibrahim et al., 2022). This map of availability is shown separately for the Z-score and NPL model samples, in accordance with the different temporal range considered in Section 3.3.
The final usable dataset (cleaned, harmonised, excluded, missing values) contains the most country-year observations for which all the necessary variables (dependent, independent and control) are available. For each model specification, the number of usable observations, as well as the number of countries and the actual time period for which observations are reported, are provided to allow judgments to be made about degrees of freedom and the statistical power of the empirical estimates (Khan et al., 2021; Lestari et al., 2023). This careful record keeping of the data architecture guarantees that the empirical results of the study are rooted in verifiable, transparent and replicable data procedures and increases the credibility of the research.




[bookmark: _Toc235530911]CHAPTER 4: RESULTS

This section presents empirical results based on the baseline GARCH(1,1) inflation-volatility series and on the banking-stability outcome of the Bank Z-score. According to the new approach, results are presented in the light of simple panel-models: descriptives, diagnostic tests, Fixed Effects and Random Effects estimates, Hausman-test selection, robustness tests and controlled specifications. 
[bookmark: _Toc235530912]4.1 Sample profile and descriptive behavior
The final empirical sample is composed of the observations in which the GARCH(1,1) inflation-volatility series and Bank z-score coincide. The broadest Z-score linkage comprises 816 country-year observations between 2000 and 2021, for 44 countries. This Bank Z-score sample provides the baseline panel used for Panel Models 1-3. The controlled panel models use smaller samples due to the need of the variables GDP growth, real interest rate and other controls.
Table 4.1. Final country-year coverage by estimation sample.
	Sample
	Dependent variable support
	Countries
	Observations
	Start
	End
	Avg. T
	Primary use

	GARCH + Bank Z-score pair
	Bank Z-score
	44
	816
	2000
	2021
	18.5
	Main Z-score coverage

	GARCH + NPL pair
	NPL ratio
	34
	446
	2005
	2023
	13.1
	Main NPL coverage

	GARCH + Z-score + NPL
	Both banking indicators
	31
	324
	2005
	2021
	10.5
	Core connected sample


Note. The Z-score and NPL pairwise samples use maximum available coverage. The three-way sample is used where all three variables must be connected directly.

There is significant inter-country variance in the descriptive statistics. Average GARCH volatility in the three-way sample is 8.03 but is highly right skewed due to some countries with very short spells of high inflation uncertainty. Average distance from insolvency (Bank Z score) equals 17.36, and average non-performing loans (NPL) equals 7.92 percent. This distribution of the Zscores is also right-skewed, indicating that a number of countries have significantly higher measures of solvency than the average of this group. Regionally, the three-way sample contains 24 African countries and 7 South Asian countries. The comparison of the average GARCH volatility, and NPL ratios across African observations indicate that the average values of these variables are slightly higher for the former relative to the latter, while the average Z-score across South Asian observations is slightly higher than that for their African counterparts. This is the contrast that is important to consider because inflation flexibility does not work in a comparable banking environments.    
Table 4.2. Descriptive statistics for the core three-way sample.
	Variable
	N
	Mean
	Median
	SD
	Min
	Max
	Skewness
	Kurtosis

	GARCH volatility
	324
	8.031
	5.730
	6.916
	1.530
	65.062
	3.436
	20.977

	Bank Z-score
	324
	17.358
	15.856
	7.869
	5.233
	44.514
	1.403
	2.042

	NPL ratio
	324
	7.915
	7.387
	4.162
	1.157
	27.198
	1.055
	1.805


Note. Descriptive statistics are based on the 324 observations in which GARCH volatility, Bank Z-score, and NPL ratio are all available. Kurtosis is excess kurtosis.
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Figure 4.1. Average GARCH(1,1) inflation volatility by region.
Note. The figure uses the three-way matched sample and plots regional annual averages.
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Figure 4.2. Distribution of the two banking-stability indicators.
Note. Higher Bank Z-score indicates stronger stability; higher NPL ratio indicates weaker asset quality.

[bookmark: _Toc235530913]4.2 Diagnostic test results for the simple panel framework
The diagnostic results favor the use of panel estimation to that of simple pooled correlation only. Theoretically, the raw correlation should be negative between GARCH(1,1) volatility and bank Z-score as it can be seen in the raw correlation matrix. For the matched sample this negative correlation is equivalent to a decrease in the distance from insolvency as conditional inflation volatility increases. The diagnostic section hence paves the way for transition to fixed effects and random effects panel regressions.
Table 4.3. Correlation matrix for the three-way sample.
	Variable
	GARCH volatility
	Bank Z-score
	NPL ratio

	GARCH volatility
	1.000
	-0.308
	0.050

	Bank Z-score
	-0.308
	1.000
	-0.176

	NPL ratio
	0.050
	-0.176
	1.000


Note. Correlations are Pearson correlations calculated from the 324 three-way matched country-year observations.

The formal diagnostic checks are given in Table 4.4. After incorporating the additional variables of GDP growth and real interest rate the VIF values are not high enough to be a substantive issue of multicollinearity. Macro-financial panels are suggested to be cross-sectional dependent since they are exposed to common shocks. The most critical diagnostic choice for the revised simple panel approach is the Hausman test, which provides guidance as to which estimator to prefer for each model, Fixed Effects or Random Effects.
Table 4.4. Diagnostic and long-run-retention test summary.
	Diagnostic
	Variable/model
	Statistic or p-value
	Interpretation

	Maximum VIF
	Z-score 
	1.056
	No severe multicollinearity

	Maximum VIF
	NPL 
	1.006
	No severe multicollinearity

	Pesaran CD p-value
	GARCH volatility, three-way sample
	0.603
	No strong common dependence in volatility

	Pesaran CD p-value
	Bank Z-score pair
	<0.001
	Cross-country dependence present

	Pesaran CD p-value
	NPL pair
	<0.001
	Cross-country dependence present

	Slope heterogeneity p-value
	Z-score slope on GARCH
	<0.001
	Country slopes differ

	Slope heterogeneity p-value
	NPL slope on GARCH
	<0.001
	Country slopes differ

	Fisher ADF p-value
	GARCH volatility
	<0.001
	Stationary panel screen

	Fisher ADF p-value
	Bank Z-score
	0.010
	Stationary panel screen

	Fisher ADF p-value
	NPL ratio
	0.028
	Stationary panel screen

	Fisher cointegration p-value
	Z-score and GARCH
	0.088
	Weak long-run evidence only

	Fisher cointegration p-value
	NPL and GARCH
	0.585
	No strong cointegration signal


Note. Pesaran CD tests examine cross-sectional dependence; Fisher ADF tests screen for panel stationarity; VIF checks multicollinearity; and the Hausman test guides the choice between Fixed Effects and Random Effects in the revised simple panel models.
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Figure 4.3. Correlation heatmap for the core three-way sample.
Note. The heatmap visualizes the same association structure reported in Table 4.3.

[bookmark: _Toc235530914]4.3 Baseline simple panel results: Fixed Effects and Random Effects
Baseline simple panel results are presented. Fixed Effects baseline is Panel Model 1 and Random Effects baseline is Panel Model 2. In both models, Bank Z-score is used as a dependent variable and GARCH(1,1) inflation volatility as the critical explanatory variable of concern. A lagged dependent variable is not included since it is not a dynamic panel model, but rather a simple panel model.
Table 4.5. Baseline simple panel estimates: Panel Model 1 and Panel Model 2.
	Variable / diagnostic
	Panel Model 1: FE baseline
	Panel Model 2: RE baseline

	Dependent variable
	Bank Z-score
	Bank Z-score

	GARCH(1,1) volatility
(coefficient, clustered s.e.)
	-0.048
(0.059)
	-0.056
(0.053)

	Country effects
	Fixed country effects
	Random country effects

	Lagged dependent variable
	Not included
	Not included

	Control variables
	None
	None

	Hausman test
	—
	—

	Observations / countries
	816 / 44
	816 / 44

	Interpretation
	Negative; p = 0.417
	Negative; p = 0.291


Note. Country-clustered standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.10. The baseline sample contains 816 observations from 44 countries over 2000-2021.
This relevant coefficient for the Bank Z-score model is the coefficient of the inflation volatility from the GARCH(1,1) model. A negative coefficient means that an increase in the volatility of inflation will lead to a decrease in banking stability. The Fixed Effects estimate can be interpreted as a within-country relationship, and the Random Effects estimate should be interpreted as a panel-wide relationship, assuming that country effects are orthogonal to regressors.
Table 4.6. Baseline FE-RE comparison and Hausman-test structure: Panel Model 3.
	Variable / diagnostic
	Panel Model 3: FE estimate
	Panel Model 3: RE estimate

	Dependent variable
	Bank Z-score
	Bank Z-score

	GARCH(1,1) volatility
	-0.048
(0.059)
	-0.056
(0.053)

	Constant
	Absorbed by FE
	17.357***
(1.346)

	Controls
	None
	None

	Hausman p-value
	0.324
	0.324

	Preferred estimator
	RE selected
	RE selected

	Observations
	816
	816

	Countries
	44
	44


Note. The classic Hausman test supports Random Effects when p >= 0.05. Here, p=0.324, so the RE estimate is selected for interpretation.
The first choice of estimator is the baseline comparison model. If it suggests Fixed Effects, then it was better to focus on intra-country variation: not only in inflation volatility but also in Bank Z-score. If the test allows Random Effects it can be used for interpretation. The expected sign of GARCH(1,1) volatility for both cases is same and is negative for the bank z-score.
[bookmark: _Toc235530915]4.4 Hausman-test selection and stepwise model interpretation
The new empirical design rely on the Hausman test. This is because we want to determine if the country specific effects that we did not observe are correlated with the regressors. Whatever is chosen is relevant since frontier economies vary in their institutional quality, financial depth, monetary credibility, and banking- sector structure. The Hausman test provides a formal rule for the selection of either Fixed Effects or Random Effects for Panel Models 3-6.
Table 4.7. Hausman-test and estimator-selection summary for Panel Models 1-6.
	Panel model
	Estimator(s)
	Controls included
	Hausman use
	Interpretation
	Output label

	Panel Model 1
	Fixed Effects
	None
	No
	Baseline FE: -0.048 (0.059)
	PM1

	Panel Model 2
	Random Effects
	None
	No
	Baseline RE: -0.056 (0.053)
	PM2

	Panel Model 3
	FE and RE
	None
	Yes
	Hausman p = 0.324; RE selected
	PM3

	Panel Model 4
	FE and RE
	GDP growth
	Yes
	Hausman p = 0.296; RE selected
	PM4

	Panel Model 5
	FE and RE
	Real interest rate
	Yes
	Hausman p = 0.658; RE selected
	PM5

	Panel Model 6
	FE and RE
	GDP growth + real interest rate
	Yes
	Hausman p = 0.132; RE selected
	PM6


Note. Panel Models 1-4 use the widest available sample where possible. Models including the real interest rate use the available country-year observations for that control.
Invariably, the result of the estimator selection must be interpreted in conjunction with the sign (direction) of the coefficient and statistical significance. If the Hausman Test is significant it means that Fixed Effects is more reliable as the unobserved country specific characteristics are correlated to the regressors. The Hausman test result, which is not significant, implies that Random Effects is more efficient in estimating.




Table 4.8. Equation map for the six simple panel models.
	Panel model
	Equation form
	Control set
	Expected
GARCH sign
	Preferred estimator rule
	Purpose

	Panel Model 1
	Z_it = a_i + b1 INFVOL_it + e_it
	None
	Negative
	Fixed Effects baseline
	Baseline FE

	Panel Model 2
	Z_it = a + b1 INFVOL_it + u_i + e_it
	None
	Negative
	Random Effects baseline
	Baseline RE

	Panel Model 3
	FE and RE versions of baseline
	None
	Negative
	Hausman test
	Estimator comparison

	Panel Model 4
	Baseline + GDP growth
	GDP growth
	Negative
	Hausman test
	GDP-controlled model

	Panel Model 5
	Baseline + real interest rate
	Real interest rate
	Negative
	Hausman test
	Interest-rate-controlled model

	Panel Model 6
	Baseline + GDP growth + real interest rate
	GDP growth + real interest rate
	Negative
	Hausman test
	Full control specification


Note. INFVOL denotes the country-specific GARCH(1,1) inflation-volatility measure. No lagged dependent variable is included in any model.
The stepwise structure is helpful for discovering the stability of the inflation-volatility relationship. Adding GDP growth and real interest rate along with all the possible controls, if negative, results remain valid in support of the statement that inflation volatility is one macrofinancial risk factor on the contrary to banking stability.

[bookmark: _Toc235530916]4.5 Robustness and alternative-measure results
The robustness tests explore the sensitivity of the results to the selection of the unconditional volatility metric – the baseline GARCH(1,1) – and the effects of adding controls. Baseline GARCH(1,1) model is kept as the primary explanatory variable. The rolling volatility, AR(1)-GARCH(1,1) and EGARCH(1,1) model are not used for the actual results but only for the robustness and sensitivity.
Table 4.9. Hausman and estimator-selection sensitivity of the GARCH coefficient.
	Panel model
	Estimator compared
	Control variables
	GARCH coefficient sign
	Hausman p-value
	Preferred estimator

	Panel Model 3
	FE vs RE
	None
	FE -0.048; RE -0.056
	0.324
	RE

	Panel Model 4
	FE vs RE
	GDP growth
	FE -0.046; RE -0.055
	0.296
	RE

	Panel Model 5
	FE vs RE
	Real interest rate
	FE -0.137; RE -0.143
	0.658
	RE

	Panel Model 6
	FE vs RE
	GDP growth + real interest rate
	FE -0.134; RE -0.140
	0.132
	RE

	Robustness A
	Baseline vs rolling SD(3)
	GDP + RIR
	Negative in both
	0.049 (rolling)
	FE for rolling model

	Robustness B
	Baseline vs AR(1)-GARCH
	GDP + RIR
	Negative in both
	0.157 (AR1-GARCH)
	RE for AR1-GARCH

	Robustness C
	Baseline vs EGARCH
	GDP + RIR
	Negative in both
	0.085 (EGARCH)
	RE for EGARCH

	Decision rule
	Simple FE/RE only
	No lagged dependent variable
	Stable negative sign
	Hausman test
	Report preferred FE/RE


Note. It checks whether the preferred estimator and the GARCH(1,1) coefficient interpretation remain stable across FE and RE specifications.
The robustness evidence needs to be considered with care. Most important is whether the coefficient of the GARCH(1,1) portion maintains its negative sign in the Bank Z models both with varying estimator and with various sets of control variables. If the sign and wide interpretation is not changing, then the baseline GARCH(1,1) result is more believable. If the sign is different in different specifications, the conclusion should be 'conditional' and not 'universal'.

[bookmark: _Toc235530917]4.5.1 Additional GARCH-family robustness: AR(1)-GARCH(1,1) and EGARCH(1,1)
Since the results on baseline inflation-volatility are solely attributed to the standard GARCH(1,1), two further sets of GARCH-family models are estimated: AR(1)-GARCH(1,1) and EGARCH(1,1). A model where the AR(1) component lets inflation returns to depend on the previous value of inflation before estimating conditional volatility (AR(1)-GARCH(1,1) model). This is crucial as inflation is known to persist over time. Thus, this model tests whether the GARCH(1,1) volatility result from the baseline model still holds when controlling for the persistence of inflation in the mean equation following the guidelines outlined above.
The output of the AR(1)-GARCH(1,1) results provides strong support for the baseline GARCH(1,1) output. The average correlation between the baseline GARCH volatility series and the AR(1)-GARCH volatility series is 0.958, and the median across countries is 0.868. This means that the volatility dynamics of the AR(1)-GARCH model behave very similarly to those of the volatility series itself (which is GARCH(1,1)). So the simple mean is not the only result that drives the baseline GARCH(1,1) measure. The volatility structure is remarkably the same, even when assuming a persistent inflation.
A other but more conservative robustness result comes from the EGARCH(1,1) model. The EGARCH model differs from the traditional GARCH model by estimating the log of the conditional variance, and by treating the positive and negative shocks differently. The baseline GARCH volatility vs EGARCH volatility overall correlation is 0.553. The correlation increases to 0.717 if extreme EGARCH volatility (times it exceeded 100) is removed. This, however, does not imply that EGARCH is less successful than AR(1)-GARCH at replicating the baseline GARCH series, although it does suggest that it is less successful at doing so. The weaker correlation is to be expected since EGARCH is more prone to asymmetric and crisis-type shocks.
The EGARCH results also indicate that that asymmetric inflation-volatility behaviour is evident in a considerable number of countries. This implies that the dynamics of inflation volatility is not necessarily symmetric in the sample. Inflation rising and declining in some economies could produce different amounts of uncertainty. So EGARCH can be employed to provide an asymmetry test instead of an alternative to the basic model.
Table 4.10. Additional GARCH-family robustness comparison.
	Model
	Purpose
	Main diagnostic result
	Interpretation

	Baseline GARCH(1,1)
	Main inflation-volatility measure
	Reference model
	Used as the primary volatility series.

	AR(1)-GARCH(1,1)
	Controls persistence in inflation returns
	Overall correlation with baseline GARCH = 0.958; median country correlation = 0.868
	Strongly supports the baseline GARCH(1,1) result.

	EGARCH(1,1)
	Tests asymmetric volatility response
	Overall correlation with baseline GARCH = 0.553; after excluding extreme spikes above 100, correlation = 0.717
	Partially supports the baseline result and shows asymmetric shock behaviour.


Note. AR(1)-GARCH(1,1) adds an autoregressive term in the mean equation, while EGARCH(1,1) models log variance and allows asymmetric shock effects. Therefore, EGARCH is not expected to match the baseline GARCH series exactly. A small number of country-level AR(1)-GARCH estimations produced optimizer warnings, so those country-specific results are interpreted cautiously.

All these robustness results collectively suggest using the GARCH(1,1) as the primary inflation volatility index. Both models clearly support the overall baseline volatility behavior as found by the AR(1)-GARCH(1,1) model, and the EGARCH(1,1) demonstrates that there are some countries with a volatility regime that is asymmetric and driven by extreme shocks. As such, the main finding is robust, while inflation volatility is not quite the same with all variants of the models.
[bookmark: _Toc235530918]4.6 Heterogeneity and nonlinearity results
The final tests examine whether the inflation-volatility effect differs between lower- and higher-volatility regimes. This is still helpful in the simple panel setup, as the characteristics of the GARCH distribution appear to be very skewed in the descriptive statistics. With country effects and controls, a median-split interaction model can be estimated without having a lagged dependent variable. The aim here is to verify whether there is a different relationship between the GARCH and Z-values for less volatile samples and more volatile samples.
Table 4.11. Threshold interaction estimates by volatility regime.
	Dependent variable
	Median threshold
	Low-regime slope
	p-value
	High-vol dummy
	Interaction
	p-value
	Implied high-regime slope
	Obs.

	Bank Z-score
	5.730
	-0.379
	0.005
	-1.205
	0.356
	0.017
	-0.023
	293

	NPL ratio
	5.730
	0.606
	0.061
	2.784
	-0.714
	0.064
	-0.108
	293


Note. Models include country effects and relevant controls. The implied high-regime slope equals the low-regime slope plus the interaction coefficient.

The main conclusions are fine-tuned by the threshold results. There is a relationship between inflation volatility and banking stability, but not a straight line and not the same relationship across all of the country-years. The negative three-way GARCH-Z relationship is found to be the strongest and cleanest relationship. Therefore, the relationship between NPLs is only weak and conditional, implying that factors of bad loans formation include extra factors like credit discipline, bank supervision, common security enforcement, and the sectoral distribution of loans. Overall, the empirical evidence confirms that inflation volatility is indeed an important banking-stability risk, and when it comes to the considered evidence, the Z-score channel displays greater stability than the NPL channel. 
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Figure 4.4. Threshold behavior around median GARCH volatility.
Note. The vertical line marks the sample median of GARCH volatility. Fitted lines are descriptive and show how the relationship differs by regime.
[bookmark: _Toc235530919]4.7 Controlled-variable extension: GDP growth and real interest rate
This subsection creates and adds the desired control variables to the updated simple panel model. Growth in GDP proxies the macroeconomic business cycle and the real interest rate proxies borrowing-cost and monetary-policy conditions. The controlled calculations are displayed in sequential order so that reader is able to observe how the GARCH(1,1) inflation-volatility coefficient changes as controls are introduced.
Table 4.12. Controlled country-year coverage by estimation sample.
	Sample
	Dependent variable support
	Countries
	Observations
	Start
	End
	Avg. T
	Primary use

	GARCH + Bank Z-score + controls
	Bank Z-score
	35
	576
	2000
	2021
	16.5
	Controlled estimation sample

	GARCH + NPL + controls
	NPL ratio
	24
	307
	2005
	2023
	12.8
	Controlled estimation sample

	GARCH + Z-score + NPL + controls
	Both banking indicators
	23
	246
	2005
	2021
	10.7
	Controlled estimation sample


Note. The controlled samples require non-missing GARCH volatility, the relevant banking-stability variable, GDP growth, and real interest rate. Therefore, the number of observations is smaller than the original baseline sample.
Table 4.13. Descriptive statistics for the controlled core sample.
	Variable
	N
	Mean
	Median
	SD
	Min
	Max
	Skewness
	Kurtosis

	GARCH volatility
	246
	8.117
	5.763
	7.152
	2.111
	65.062
	4.001
	24.728

	Bank Z-score
	246
	16.502
	15.999
	6.116
	5.233
	38.628
	1.041
	2.276

	NPL ratio
	246
	7.545
	7.130
	3.770
	1.507
	27.198
	1.265
	3.413

	GDP growth
	246
	4.044
	4.394
	4.405
	-32.909
	12.118
	-3.265
	21.547

	Real interest rate
	246
	9.793
	7.002
	10.759
	-34.743
	52.437
	1.423
	4.921


Note. The controlled core sample contains the country-year observations where GARCH volatility, Bank Z-score, NPL ratio, GDP growth, and real interest rate are jointly available.
Figure 4.5. GDP growth and real interest rate in the controlled core sample.
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Note. The figure reports annual averages from the controlled core sample. Both control variables are expressed in percent.
Table 4.14. Correlation matrix with GDP growth and real interest rate.
	Variable
	GARCH volatility
	Bank Z-score
	NPL ratio
	GDP growth
	Real interest rate

	GARCH volatility
	1.000
	-0.326
	-0.046
	0.130
	0.013

	Bank Z-score
	-0.326
	1.000
	-0.069
	0.070
	-0.089

	NPL ratio
	-0.046
	-0.069
	1.000
	-0.183
	0.114

	GDP growth
	0.130
	0.070
	-0.183
	1.000
	-0.082

	Real interest rate
	0.013
	-0.089
	0.114
	-0.082
	1.000


Note. Correlations are Pearson correlations calculated from the controlled core sample.
Figure 4.6. Controlled correlation heatmap.
[image: ]
Note. The heatmap visualizes the correlation structure after adding GDP growth and real interest rate to the core variables.
Table 4.15. Variance inflation factors for the controlled regressors.
	Regressor
	VIF

	GARCH volatility
	1.018

	GDP growth
	1.024

	Real interest rate
	1.007


Note. VIF values close to 1 indicate that adding GDP growth and real interest rate does not create a serious multicollinearity problem in the controlled specification.
The controlled descriptive evidence indicates that the sample are still macro-financially heterogeneous even after conducting addition of GDP growth and real interest rate. Average GARCH volatility is 8.117, the average Bank Z score is 16.502 while the average NPL ratio is 7.545 percent. The controlled correlation matrix reveals the negative association between GARCH volatility and the bank Z-score that is still in expected direction (-0.326). A bivariate contemporaneous correlation between the NPL and GARCH volatility reveals a weak relationship (-0.046), implying that, at least at this stage, the stress on credit quality is not as apparent within a simple relation. It is consistent for the NPL ratio to be negatively correlated with GDP growth (-0.183) and positively with real interest rate (0.114) since a higher growth of output reduces repayment stress and a higher real interest rate increases it. 

[bookmark: _Toc235530920]4.7.1 Stepwise controlled simple panel estimates
The six-model structure is used to estimate the controlled panel calculations. Fixed Effects baseline is Panel Model 1. The baseline is the Panel Model 2 of Random effects. Panel Model 3 includes Fixed Effects and Random Effects with and without controls and applies the Hausman test. In Panel Model 4, GDP growth is added. The real interest rate is added in Panel Model 5. Panel Model 6 adds GDP growth, real interest rate, and all the other controls. 
Table 4.16. Stepwise simple panel estimates: Bank Z-score models.
	Variable /
diagnostic
	Panel
Model 1
	Panel
Model 2
	Panel
Model 3
	Panel
Model 4
	Panel
Model 5
	Panel
Model 6

	Estimator
	FE
	RE
	FE & RE
	FE & RE
	FE & RE
	FE & RE

	GARCH(1,1)
volatility
	-0.142**
(0.056)
	-0.146***
(0.047)
	FE: -0.142**
(0.056)
RE: -0.146***
(0.047)
	FE: -0.138***
(0.053)
RE: -0.143***
(0.044)
	FE: -0.137**
(0.055)
RE: -0.143***
(0.046)
	FE: -0.134***
(0.051)
RE: -0.140***
(0.042)

	GDP growth
	—
	—
	—
	FE: -0.017
(0.024)
RE: -0.018
(0.024)
	—
	FE: -0.019
(0.024)
RE: -0.020
(0.024)

	Real interest
rate
	—
	—
	—
	—
	FE: 0.026
(0.022)
RE: 0.024
(0.021)
	FE: 0.027
(0.022)
RE: 0.024
(0.021)

	Additional controls
	None
	None
	None
	None
	None
	None

	Obs.
	576
	576
	576
	576
	576
	576

	Countries
	35
	35
	35
	35
	35
	35

	R-squared / fit
	Within: 0.019
	Overall: 0.063
	FE 0.019
RE 0.063
	FE 0.019
RE 0.065
	FE 0.022
RE 0.057
	FE 0.023
RE 0.059

	Hausman p-
value
	—
	—
	0.808
	0.486
	0.658
	0.132

	Preferred
estimator
	FE
	RE
	RE
	RE
	RE
	RE


Note. All Panel Models 1-6 in this controlled table use the same common sample of 576 observations from 35 countries, so coefficient changes across the models are comparable. Standard errors are clustered by country.

Table 4.17. Hausman-test selection summary for the controlled panel models.
	Panel model
	FE estimated
	RE estimated
	Hausman p-
value
	Decision

	Panel Model 1
	Yes
	No
	—
	FE baseline

	Panel Model 2
	No
	Yes
	—
	RE baseline

	Panel Model 3
	Yes
	Yes
	0.808
	RE preferred

	Panel Model 4
	Yes
	Yes
	0.486
	RE preferred

	Panel Model 5
	Yes
	Yes
	0.658
	RE preferred

	Panel Model 6
	Yes
	Yes
	0.132
	RE preferred

	Reporting rule
	Report both
	Interpret RE
	p >= 0.05
	Use FE/RE results only


Note. The p-values reported in this table are classic Hausman-test p-values. Every controlled specification selects RE at the 5% level.
Figure 4.7. GDP growth and real interest rate effects in the controlled core sample.
[image: ]
Note. GDP growth is introduced in Panel Model 4 and Panel Model 6. The real interest rate is introduced in Panel Model 5 and Panel Model 6.

For the controlled Bank Z-score models, focus on the sign, magnitude and significance of the GARCH(1,1) volatility coefficient as indicated across the different Panel Models (namely panels 1-6). Once GDP growth and the real interest rate are added to the coefficient, if it still turns out to be negative, the result can be used to argue that the inflation volatility has an independent association with less banking stability. The forecast effect of GDP growth is positive because when GDP growth is higher, borrower capacity and bank resilience tend to be higher. However, the real interest-rate coefficient can either be positive or negative depending on whether an increase in real interest rates boosts bank returns or the stress on repayment.
Due to the change in empirical model used, which centers around Bank Z-Score, the  interpretations specific to NPLs are no longer provided in the main text of the regression analysis. Despite eliminating NPL evidence in the literature review and background, the decision of the controlled panel interpretation should be made according to the Bank z-score model.
[bookmark: _Toc235530921]4.7.2 Controlled robustness and threshold checks
Table 4.18. Controlled simple-panel robustness checks.
	Robustness
check
	Model
basis
	Controls
	Expected
reading
	Report item
	Main
decision
	Comment
	Status

	Baseline
GARCH(1,1)
	Simple
FE/RE
	GDP +
RIR
	Primary
result
	RE: -0.140***
(0.042); p=0.001
	RE
Hausman=0.132
	Baseline retained
	Main

	Rolling SD(3)
of inflation returns
	Simple
FE/RE
	GDP +
RIR
	Sensitivity
only
	FE: -0.033
(0.036); p=0.354
	FE
Hausman=0.049
	Negative but not significant
	Robustness

	AR(1)-
GARCH(1,1)
	Simple
FE/RE
	GDP +
RIR
	Persistence
check
	RE: -0.254***
(0.030); p<0.001
	RE
Hausman=0.157
	Same negative sign
	Robustness

	EGARCH(1,1)
	Simple
FE/RE
	GDP +
RIR
	Asymmetry
check
	RE: -0.003***
(0.0004); p<0.001
	RE
Hausman=0.085
	Same sign; scale differs
	Robustness


Note. Each robustness model uses GDP growth and real interest rate as controls. The rolling proxy is the 3-year rolling standard deviation of annual inflation returns, not a rolling standard deviation of GARCH volatility.
Table 4.19. Alternative volatility-measure robustness with controls.
	Dependent
variable
	Specification
	Obs.
	Countries
	Volatility
coefficient
	p-value

	Bank Z-score
	Baseline GARCH (RE)
	576
	35
	-0.140***
	0.001

	Bank Z-score
	Rolling SD(3) of inflation returns (FE)
	541
	35
	-0.033
	0.354

	NPL ratio
	Baseline GARCH (RE)
	307
	24
	-0.090
	0.186

	NPL ratio
	Rolling SD(3) of inflation returns (RE)
	307
	24
	-0.117*
	0.052


Note. Table 4.19 reports the coefficient from the estimator selected by the Hausman test in each row. The NPL results are supplementary; the main simple FE/RE analysis uses Bank Z-score as the dependent variable.

Figure 4.8. Alternative volatility-proxy coefficients with controls.
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Note. The figure compares the baseline GARCH coefficient with the coefficient obtained from a rolling volatility proxy after adding GDP growth and real interest rate.
Table 4.20. Controlled threshold interaction estimates by volatility regime.
	Dependent variable
	Median threshold
	Low-regime slope
	p-value low
	High-vol dummy
	Interaction
	p-value interaction
	Implied high-regime slope
	p-value high
	Obs.
	Countries

	Bank Z-score
	5.473
	-0.118
	0.608
	-1.178
	0.146
	0.506
	0.029
	0.239
	543
	35

	NPL ratio
	5.474
	0.569
	0.352
	3.661
	-0.758
	0.247
	-0.190
	0.362
	281
	24


Note. The high-regime slope equals the low-regime GARCH slope plus the interaction coefficient. Models include GDP growth, real interest rate, country effects, and no lagged dependent variable.
Figure 4.9. Controlled threshold behavior around median GARCH volatility: Bank Z-score.
[image: ]
Note. The vertical dashed line marks the median GARCH-volatility threshold in the controlled Z-score sample. Fitted lines are descriptive.
Figure 4.10. Controlled threshold behavior around median GARCH volatility: NPL ratio.
[image: ]
Note. The vertical dashed line marks the median GARCH-volatility threshold in the controlled NPL sample. Fitted lines are descriptive.


Cautious interpretation because of the controlled robustness checks. The dependent volatility measure remains the baseline GARCH(1,1) process and sensitivity is tested using alternative measures of volatility and threshold interactions. The closer the inflation-volatility coefficient is to 1 in both partitions (Fixed Effects and Random Effects), the stronger the result. If it changes following the inclusion of controls", conclusion should be conditional on the macroeconomic environment.



[bookmark: _Toc235530922]CHAPTER 5: DISCUSSION

[bookmark: _Toc235530923]5.1 Interpreting the main findings through theory
The results indicate that inflation volatility is connected with banking stability in frontier economies. Evidence of the strongest empirical relationship exists between GARCH(1,1) inflation volatility and the bank Z-score, which is a negative relationship. In the newly considered simple panel framework this relationship is assessed via Fixed Effects and Random Effects models. The coefficient cannot be interpreted as causal evidence in all specifications, but the theoretical negative sign of the coefficient has a meaning because this Z score is a solvency oriented measure, incorporating both profitability, capitalization and earnings volatility measures.
This pattern is very much in line with the uncertainty channel. Volatilities of conditional inflation uncertainty are measured via GARCH(1,1) processes: conditional inflation uncertainty is not only a statement on whether inflation is high, it also reflects whether the inflation process is unstable and, therefore, unpredictable. In the asymmetricinformation model, volatile inflation creates a high barrier to bank assessment and pricing of borrower quality, to determining actual rather than simply temporary real repayment ability, and to differentiating between bor-rower default and liquidity stress. As uncertainty increases banks may choose to increase risk premiums, shorten the length of loan terms, consider creditworthiness, and opt for safer investments. In the short term, these responses mitigate bank losses, but also can lead to poorer quality intermediation and less stable earnings. The negative Z score relationship should thus be interpreted in the light of inflation uncertainty lowering the resilience of banking systems, through an increase in the variance of returns, and a difficulty in pricing risks.
The so called balance-sheet channel is also well supported. The Z score directly relates with the balance-sheet capacity of the banking system as it shows the distance of returns from the default level and measures the capital buffers. As inflation rates fluctuate, so do borrower cash flows, collateral amounts are less certain, and banks find it harder to match the actual value of assets with liabilities. Although the impact of that effect may not be immediately noticeable in higher levels of NPLs, it can nonetheless affect the quality of expected earnings and raise perceived solvency risk. That is why the negative sign of the GARCH-Z score is consistent with a balance-sheet interpretation: Any decrease in inflation volatility reduces the buffer used by banks to absorb shocks.
Staying within the context of the simple panel model, the repayment-capacity channel is still theoretically relevant, but is not the predominant regression result. The main one, an empirical interpretation, thus should be based on Bank Z-score. Changes in interest-rate conditions, input costs and unstable real incomes due to volatile inflation can still lower repayment capacity, but the effect feeling the most impact of this project lies in the solvency/resilience channel, captured by the Z-score.
The real-return channel is the least directly supported explanation of the link between the two. In the logic of the Fisher-effect, unforeseen inflation may cause the real return on bank assets and liabilities to be misaligned particularly if bank loans are written in nominal terms. In principle, this effect has everything to do with the present work, however, inflating the volatility of inflation does not straightforwardly lead to worsening bad-loan formation. Rather, the findings indicate a more general macro-financial process whereby the increased uncertainty regarding prices, profits, borrower quality and the strength of the balance sheets, induced by the inflation volatility, triggers the NPL response, which in turn is regulated by institutional-credit market-specific conditions. To conclude, the evidence is most supportive of the uncertainty and balance-sheet channels, somewhat supportive of the repayment-capacity channel and perhaps less supportive of the real-return channel.
This interpretation sheds light on the reason why there is a difference between raw correlations and panel estimates. A correlation analysis is of course only able to identify co-movement at a specific point in time, while Fixed Effects and Random Effects models try to capture the panel structure, and country-level heterogeneity. The Z-score will react in a general manner as it incorporates profitability, capitalization, and earnings danger. The empirical pattern thus lends itself to a staged view of the transmission, where increased uncertainty from inflation volatility affects the resilience of the solvency of the banks and/or exhibits a later stage in the credit-quality indicators, depending on country conditions.
This interpretation is corroborated by the supplementary robustness checks that use the GARCH-family. The AR(1)-GARCH(1,1) model gives volatility patterns that are very similar to those in the baseline GARCH(1,1) series, with an overall correlation of 0.958 and a median country-level correlation of 0.868. This implies that its overall finding cannot be attributed exclusively to the use of a simple mean inflation specification. Volatility Pattern is quite similar after introducing this element in the inflation equation: inflation depends on itself in the past. However, the EGARCH(1,1) is also compatible with the inflation volatility, and it is more responsive to asymmetric and extreme shocks. It does not correlate as well as the baseline GARCH(1,1) volatility series but it does better once the EGARCH spikes of extrimes are omitted. Hence, the robustness evidence provides further support for the use of the inflation volatility as a risk factor in the macro-financial framework, and it demonstrates that the results on volatility behavior are not all the same across the various model specifications.


[bookmark: _Toc235530924]5.2 Why the frontier-economy context matters
The key themes of the results relate to the frontier-economy context. In more developed and more institutionally advanced financial systems, financial problems are likely to be more diversified, banks are likely to possess better structured risk management systems, access to capital markets is likely to be more fluid, inflation expectations will likely be more reliable and supervisory frameworks are likely to be more developed. These all make it less difficult to absorb inflation shocks without them giving rise to banking stability issues. Fewer are found in the frontier economies. Thus, a similar level of inflation volatility could mean a greater financial stability worry with banks and borrowers having shallower reserves of safety.
An important one is greater lack of policy credibility. Inflation shocks will not be regarded as transitory shocks where central banks lack credibility or are fiscally dominated. The confidence in returning to a stable path on inflation could be reduced for both borrowers and lenders, leading to more robust revisions to participatory expectations. This adds to the uncertainty premium on credit markets. Furthermore, it is partly the reason why the Z-score channel is more evident than the NPL channel, as banks might have more pessimistic expectations about future earnings, a more conservative risk lending stance and even more assumptive of possible solvency risks, even before formally classifying a loan as non-performing.
Second is the shallowness of financial markets. Frontier banking systems are bank-dominated, and corporate bond markets, and local-currency long-term funding instruments, are limited. This is significant for inflation volatility as it becomes more difficult to hedge this in thin markets. Sophisticated transfer, diversification and pricing of inflation risk is difficult for banks. The risk is left in the core banking book, instead. This increases the security of the findings on the balance-sheet. Macroeconomic instability quickly turns into banking instability when the financial system is reliant on banks.
Thirdly, the exchange-rate pass-through is typically higher in frontier markets. Many of the countries in the sample are also net importers of fuels, food, capital goods or intermediate goods. This allows currency depreciaiton to quickly translate to domestic prices and adding to the inflation volatility, which in turn is connected with external-sector stress. This impacts the cash flows and repayment capacities of companies that have some inputs or liabilities from abroad. For banks it increases the doubt on borrowers as well as the value of security. Thus it's not only consumer prices the channel is constrained by; it's a broader macro-financial vulnerability.
Last but not least, frontier economies typically have less buffer potential. Liquid strength, financial resilience of borrowers, and supervisory technology and systems tend to be shallower than in more developed systems, as do capital buffers and legal recovery arrangements. This can help account for some of the differences in the findings. Inflation volatility does not impact an equal effect across all country-years as its effect varies depending on the buffers. Volatility can play a significant role in destabilizing where buffers are thin. If policy is more credible, banking supervision and capital is sound, the same volatility may be soaked up endogenously, without an ongoing response in terms of NPLs.
[bookmark: _Toc235530925]5.3 Comparison with prior empirical literature
The results largely contribute to the existing literature of the inflation uncertainty as a financial-stability risk. The prevailing empirical literature on inflation risk, bank stability and credit quality suggests that monetary instability affects bank viability as it exposes them to credit risk, renders contracts nominal less useful, and impedes monetary-policy transmission. This general opinion agrees with the present results that the volatility measure based on the GARCH model is negatively associated with the Bank Z-score in the main connected sample.
Meanwhile, the findings show that the impact varies considerably on the banking-stability measure used, and provide a more nuanced reading of previous findings. Research based only on NPLs could yield inconclusive findings as the definition of non-performing loans is influenced by criteria for loan recognition, supervisory enforcement, loan restructuring, and the nature of the credit market. This study also discovers that the NPL connection is weaker and more heterogeneous than Z score connection. Hence, there is no straightforward conclusion that can be drawn that inflation volatility causes an automatic and instant effect on NPLs in all frontier economies. It indicates, however, that there is a more general, stability effect of inflation volatility, which is more sensitively measured by a solvency-oriented measure.
The results are also consistent with macroprudential vulnerability studies which highlight the need for the interaction between macroeconomic shocks and institutional buffers in order to be financially stable. Contributions of the revised paper are the GARCH(1,1) based measure of volatility, a simple panel approach for the Bank Z-score, and the selection of fixed effects or random effects estimator based on the Hausman test.


[bookmark: _Toc235530926]5.4 Extended country-level and policy-context interpretation
The country-specific interpretation should be aimed towards a description of heterogeneity instead of a description of a uniform effect. It is a panel that includes African and South Asian frontier economies that have various monetary histories, exchange-rate arrangements, banking structures, supervisory capacity, and composition of credit markets. The descriptive results indicate that observations are more likely to have higher average inflation volatility in Africa, NPL ratios in Africa and higher average Z-scores in South Asia. This pattern implies the same inflation-volatility shock can have varied responses with local banking structures. It also claims to enable regional or country-level rather than pooled interpretations.
The policy issue is not only the level of inflation, but also the instability of the inflation process, especially those countries that have higher average inflation volatility. Moderate inflation may sometimes be acceptable in a country, if it is generally anticipated and incorporated in contracts. The more volatile form of inflation is more harmful because it undermines the anchoring of plans, it makes it more difficult to competitively price loans, and it decreases the trust accorded to the monetary anchor. In this environment, a negative Z-score response can be quite realistic, since the earnings and risk environment for banks is more uncertain even prior to the formal loan-quality indicators becoming poorer.
The lower and mixed NPL figures shouldn't be interpreted to mean that asset quality is unimportant. Instead, they suggest that NPLs are institutional mediated. While the same level of inflation volatility would probably generate a similar NPL response across two countries, loan restructuring policies, the speed of the collateral recovery policy, bank classification practices, the presence of state-owned banks, and the presence of exposed banking sectors like agriculture, trade, construction or small industries could result in different measured NPL responses across the two countries. That is why it is necessary to go beyond "pooled coefficients" to the interpretation of a policy. Supervisors should inquire as to which groups of borrowers are most vulnerable to inflation volatility and the speed at which the impact of this volatility emerges in bank reports.
The findings of the threshold support this policy opinion. Volatility of inflation seems to affect the situation differently during lower and higher vol. periods. During lower-volatilities, banks may be able to adjust via pricing, setting aside, and balance-sheet management. During episodes of greater volatility, these instruments might be less useful due to a more rapid change in borrower activities and borrower attitudes. So, it is advisable that policymakers do not wait till NPLs become visible. Large increases in the GARCH measure of inflation volatility should be considered as an early-warning indicator for strengthening bank-sector supervision.

[bookmark: _Toc235530927]CHAPTER 6: CONCLUSION

[bookmark: _Toc235530928]6.1 Conclusion
This paper sought to find out if inflation volatility from a GARCH(1,1) model is related to banking-sector stability based on the Bank Z-score, in frontier economies. A simple answer to the research question in this study is that in the simple panel context, inflation volatility is relevant to banking stability. The most obvious message is that there is a negative correlation between Bank Z-score and conditional inflation volatility: A higher level of conditional inflation volatility is linked to a narrower distance from insolvency and less resilience of the banking system.
The new empirical approach is based on Fixed Effects and Random Effects panel models, the results of which are then compared through the Hausman test to determine which of the two models shall serve as the basis for interpreting the results. This facilitates the project in being simpler, clearer, while keeping GARCH(1,1) as benchmark estimate of inflation volatility.
The overall takeaway from the study is a macro-financial interpretation: volatile inflation undermines banking stability mostly by making the levels of uncertainty and banking balance-sheet resilience that influence banks more and more interesting. Evidence is most evident for the broad solvency-stability channel and a bit more conditional for the asset-quality channel. The message is loud and clear: volatility of inflation in frontier economies is not only macro-economically relevant, but also a banking-stability issue.
Accordingly, its ending should be precisely expressed. The research does not imply that just volatility in inflation is a complete account of fragility and does not imply that NPLs necessarily go up immediately following a volatility shock. Instead, it demonstrates that volatility in inflation is a pertinent macro-financial risk factor, which negatively impacts the stability climate in which banks operate. This is a more viable and defensible conclusion than a single-channel conclusion since it agrees with the somewhat "mixed but theoretically coherent" evidence in the two banking indicators.
The robustness findings derived from AR(1)-GARCH(1,1) and EGARCH(1,1) also demonstrate that the standard GARCH(1,1) volatility measure is overall quite reliable. AR(1)-GARCH aligns well with the underlying volatility evolution once inflation persistence is taken into account, and EGARCH yields further evidence on the asymmetric inflation-volatility dynamics of some countries. For this reason, the study continues to use GARCH(1,1) for the measure of the primary volatility and AR(1)-GARCH(1,1) as a best robustness confirmation, while using EGARCH(1,1) as an asymmetry check.

[bookmark: _Toc235530929]6.2 Policy implications
First policy implication: central banks should pay attention to the volatility of inflation, beyond its level. Typically, conventional policy discussions focus on the extent to which inflation is above or below a target. There is evidence that instability of inflation is also crucial, as it influences bank risk, borrower behavior and the trustworthiness of financial contracts. A stable inflation process can contribute to banking stability even under moderate inflation. Banking resilience can be influenced negatively by an unstable inflation process even before a clear deterioration of the credit can be seen.
Second, there is a need to increase the co-ordination between monetary policy and financial-stability policy. Inflation volatility and its impact on the Bank Z-SCORE are correlated; this means that price instability makes a difference for solvency buffers and systemic risk. Central bankers should thus consider using inflation stabilisation as a financial-stabilisation instrument. Reduced uncertainty and improved bank resilience can be supported by reducing fiscal dominance, stronger expectations management and credible policy rules which facilitate clear communication.
Third, one indicator of banking regulators must be the inflation-volatility indicators as early-warning signals. If volatility in such circumstances increases, supervisors should consider all deters and provisions under increased pressure with regard to loan portfolios, the adequacy of the provisions and sectoral exposures, and stress-test assumptions. This is particularly critical considering the potential delays in NPL response and the potential of NPLs being hidden as a result of restructuring and classification. It is therefore not too soon to wait for reported NPLs to increase. By tracking inflation-volatility, regulators can pick up pressure before it gets to the point of an asset-quality issue.
Fourth, the priorities of macroprudential policy should be shock absorption. Sturdier capital buffers, liquidity requirements, forward-looking provisioning and borrower-level risk assessments can dampen the amount of inflation volatility associates with bank fragility. Policy tools should focus on the most real-income-insecurity affected and import-cost/shock constrained sectors, and those most vulnerable to interest-rate pressure. These buffers are not just desirable in frontier economies, they're essential protective measures in markets that have limited depth and policy credibility is low against macro-financial instability.
Fifth, it's crucial that the policy response clearly differentiate between solvency risk and asset-quality risk. Results indicate that there are better relationships between Z score and inflation volatility compared with NPLs. It is important, however, for regulators not to overlook the significance of NPL ratios when evaluating banking stress that arises from inflation. It is possible that a banking system can appear fairly sound in terms of bad loans, but its solvency cushion and the stability of its earnings are already eroding. Supervisory Dashboards to include NPLs and Z-type indicators of stability, capital, profitability and liquidity, loan growth quality, and sectoral exposures.

[bookmark: _Toc235530930]6.3 Contributions to literature and practice
There are therefore three points of academic contribution in the study. It moves the focus from inflation, per se, to inflation volatility, for one. This distinction matters as the banking sector not only reacts to the level of high inflation, it also reacts to the volatility of inflation. This study measures conditional uncertainty, which is more important for bank risk management, by employing a GARCH (1, 1) based measure.
Second, the study makes a contribution that it adopts Bank Z-score as the primary banking-stability measure in a straightforward simple panel approach. The Z-score reflects general solvency risk whereas NPL discussion puts the issue into perspective and therefore has value as background information in the literature. The revised model is easier to defend and explain as the outcome is more narrow.
Thirdly, the study is useful in terms of practicality in the case of frontier-economy supervision. The results can be transformed into an applied monitoring system to view inflation volatility as a macro-financial early-warning indicator. Now to the practical side for central banks and regulators: banks must now be viewed as a domain of macroprudential policy in addition to inflation stabilization and bank supervision, three dimensions of policy previously thought of as distinct.
The practical contribution is also methodological. The project demonstrates how the evidence-based insights for policy dialogue can be defensibly derived from publicly available macro-financial data that can be organized into a connected country-year panel. This is helpful for frontier economies which may lack or have less access to proprietary supervisory data. Even if estimates are conservative, the framework provides policy makers with a strategy for structuring evidence on the subject of inflation volatility, banking resilience.

[bookmark: _Toc235530931]6.4 Limitations and future research
There are a number of limitations in the study. First, the analysis is based on the country-year data available in public databases, and varies from indicator to indicator. The three-way panel gives valuable connected evidence but, some countries and years are missing. This restricts the capacity to make highly causal country-specific judgements. Second, the Bank Z-score and NPL ratio are both informative, but partial measures of banking stability. The Z-score gauges the whole solvency risk, and NPLs cover the realized asset-quality stress however they are not comprehensive measures of liquidity risk, market risk, governance risk or further, an increasing proportion of hidden restructuring in loans.
Third, the country variation is still important. Inflation volatility effects might be more nuanced depending on differences in monetary credibility, exposure to the exchange rate, quality of supervision, of the legal framework and of the owners of the bank. Future investigation ought to include extra data (as fresh data from the GFDD and the WDI will be available over time), and additional institutional and macroprudential data (when possible); moreover, panels of bank-level data should be tested. The second extension would split the sectoral loan portfolios in order to find out if inflation volatility has different impacts on household, corporate, agricultural, trade or construction loans.
Another restriction is that more complicated GARCH family specifications capture the impact of extreme inflation observations better. This is particularly important with EGARCH(1,1) for countries with volatile shocks as it allows dynamics of the log-variance to detect asymmetric shocks. Thus, EGARCH(1,1) is considered a type of robustness and asymmetry test rather than an alternative to the conventional GARCH(1,1). One research potential involves the use of other error distributions, longer time series at the country level and country-specific model selection, which might lead to more precise measurements of the volatility of inflation.
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