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Abstract 

This paper researches how economic downturns and currency movements affect the quality of bank 
loans in Central, Eastern, and Southeastern Europe. The analyzed dataset includes annual data for 14 
national banking systems covering 2008–2023. We estimate a bias-corrected dynamic fixed-effects 
model and check robustness with Driscoll-Kraay and cluster-robust standard errors. Further, we 
extend the analysis by specifying profitability-based thresholds and conducting forward-looking 
scenario simulations. Credit risk is very persistent. Following an initial deterioration, the quality of 
bank loans recovers slowly, and our estimated bias-corrected autoregressive coefficient of 0.944 
implies a half-life of 12.0 years. Among the macro-financial drivers, lower real GDP per capita growth 
and exchange rate depreciation predict higher non-performing loan (NPL) ratios. The exchange-rate 
coefficient is significant only with selected inference approaches. After adjusting the depreciation 
series for breaks due to the euro adoption, the exchange-rate result remains, suggesting it is not solely 
a measurement artifact. The threshold test indicates that linearity is not supported at the 5 percent 
level and that a profitability cutoff is estimated at a 1.80 percent return on equity. However, the low 
regime only has 32 observations, so regime-specific precision is limited. No significant interaction 
between depreciation and institutional quality is found between the 14 countries. A severe, combined 
adverse situation increases the NPL ratio from 6.54 to 12.32 percent over 5 years. These findings may 
interest policymakers designing macro-prudential frameworks in emerging Europe, central banks 
conducting stress tests, and researchers studying the international transmission of financial shocks 
under institutional quality conditions. 

Keywords: non-performing loans; banking-sector credit risk; institutional quality; exchange-rate 
depreciation; dynamic panel; threshold model; CESEE 

JEL Classification: G21; C23; E44; F31; O43 
 

1. Introduction 

Banking sector credit risk is one of the key ways through which macroeconomic shocks are 
passed down to financial instability. When the economy enters a recession, contracting economic 
activity and an increased real cost of borrowing greatly reduce the ability of companies and 
households to service debt obligations. Significant depreciation can magnify this effect in countries 
that have direct or indirect foreign-currency exposure. Non-performing loans (NPL) under these 
conditions decrease profitability and reduce the availability of new credit, and support a self-
reinforcing dynamic of financial fragility and macroeconomic weakness [1–4]. These dynamics are 
especially serious in Central, Eastern, and Southeastern Europe (CESEE), where banking systems are 
operating in an environment with uneven institutional conditions, recurrent external shocks, and a 
high cross-country variation in the dynamics of credit and post-crisis adjustment [5–7]. 

The choice of CESEE as the regional focus of this paper is therefore not incidental. Banking 
sectors in this region have been impacted by the combination of several shocks over the past few 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2026 doi:10.20944/preprints202606.0956.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202606.0956.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 30 

 

years: the global financial crisis, government debt crises, the sudden exchange rate adjustments, the 
economic disruption triggered by the Covid-19 pandemic, and a cycle of inflation and money supply 
tightening. Yet these shocks did not have the same consequences in observed CESEE countries. In 
some cases, the quality of loans deteriorated rapidly, and the impact was long-lasting, while in others, 
similar stress was absorbed through more limited increases in non-performing loans. That cross-
country heterogeneity suggests that transmission of adverse shocks to credit risk is not only 
dependent on the shocks, but also on the structural and institutional conditions in which they occur 
[8–10]. 

This study is motivated by an important gap in the regional non-performing loans literature. 
The majority of the existing research identifies average macroeconomic or banking-sector 
determinants of credit risk, but, at the same time, leaves three issues insufficiently explored. The 
treatment of institutional quality is one. In most CESEE studies, governance variables either do not 
appear or are used as additive controls [1,5,11,12]. Nevertheless, institutional quality should matter, 
not because it correlates with financial development in cross-section, but because there is a possibility 
that it may alter the rate at which adverse shocks pass through to credit risk. A stricter rule of law 
and more effective regulation should improve supervisory responsiveness, restructuring capacity, 
and the credibility of financial intermediation [10,13,14]. The few CESEE studies that include 
institutional variables, such as Tanaskovic and Jandric [8], Bayar [9], Shala et al. [15], and Tatarici et 
al. [6], do not test whether institutions condition the slope of shock transmission. It is this distinction 
that makes a fundamental part of our research design. 

The functional form is another underexplored issue, as the vast majority of evidence at the 
regional level is based on linear specifications [16–18]. Under the conditions of already weak 
profitability in the banking sector, a moderate macroeconomic worsening may trigger a 
disproportionate response in an increase in credit risk than it would in a more resilient environment. 
This possibility requires formal threshold tests, which, although there is mounting evidence of state-
dependent banking vulnerabilities in other countries, are still rare in the research presented on non-
performing loans in CESEE. 

Beyond these empirical issues, there is an issue of interpretation. Policymakers and institutions 
operate outside the coefficient space and are not concerned with it. Any moderate one-time shock to 
a highly persistent system can cumulate and compound over a few years. Papers that stop at 
reporting signs and significance leave part of the policy-relevant story untold. 

This paper answers these issues within an integrated framework. We construct an annual 
country-level panel for 14 CESEE and comparator banking systems from 2008 to 2023 and lag 
construction is based on the entire 2007 to 2024 window of source data. Banking-sector credit risk is 
implemented as a logit model. A dynamic panel model with year and country fixed effects is 
considered the baseline specification, which is estimated using a bias-corrected fixed-effects (BC-FE) 
estimator with block-bootstrap inference. We also add to that specification Driscoll-Kraay and 
cluster-robust standard errors, a threshold specification using lagged profitability, and a scenario 
module that transforms the estimated sensitivities into modeled credit-risk paths. The design also 
has a clear correction of the exchange-rate series around years of euro-adoption, which is necessary 
due to the fact that raw data may generate artificial values of depreciation that would pollute the 
estimated FX channel. 

The paper has three important contributions. Instead of taking institutional quality as a passive 
control, we test for a conditioning effect of institutional quality on the transmission of macroeconomic 
shocks to credit risk. We go beyond the standard linear model by testing for the existence of a 
threshold of profitability below which the relationship between economic conditions and credit risk 
may change. And we link the regression estimates to a scenario simulation that illustrates what occurs 
to non-performing loan ratios over a five-year period when several adverse shocks occur at once.  

The results unraveled the following empirical patterns. The credit risk in the banking sector is 
highly persistent, as it is evident from the bias-corrected autoregressive coefficient, exceeding 0.94, 
which implies a half-life of 12.02 years. Reduced real income growth and depreciation of the exchange 
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rate are associated with significantly greater future credit risk, with the growth coefficient between -
0.014 and -0.018 and the FX coefficient between 0.008 and 0.012 across estimators. Under a severely 
adverse combined scenario over the 5-year period, the ratio of non-performing loans grows to 12.02 
percent, as compared to approximately 6.5 percent. Exchange rate depreciation and institutional 
quality interaction fail to achieve standard levels of significance in the small panel, and the simple 
linear moderation of the FX channel is not conclusively found in this sample. This is a limitation that 
must be considered in the balance of the theoretical relevance of the institutional channel and not 
simply viewed as an indication of its irrelevance. The threshold analysis rejects the null of a fully 
linear specification at the 5 percent level (bootstrap p = 0.045). However, since the regime-specific 
coefficients are not entirely consistent with the simplest amplification story, and the number of 
observations in the low regime is small, we interpret these results with caution. 

These results accentuate the international dimension of financial vulnerability. Exchange-rate 
shocks are a primary channel of international monetary and financial transmission [3,19]. Their 
impact on the credit risk in the banking sector depends on the institutional environment of the 
receiving economy and the prevailing level of banking-sector resilience [3,19]. It is the interaction 
among these dimensions that this paper aims to explain. 

The rest of the paper is designed to present reviews of the related literature and develop the 
hypotheses, followed by the description of the data, variables, and empirical strategy. Further, the 
paper reports the baseline results and presents the nonlinear, robustness, and scenario evidence. 
Finally, in conclusion, we summarize the findings, discuss their implications for macro-prudential 
policy in the CESEE region, and note the limitations of the analysis. 

2. Literature Review and Hypothesis Development 

The literature that is relevant to this paper can be structured around the following four 
questions: what macroeconomic shocks are most closely linked to banking sector credit risk; what 
does the CESEE evidence imply for this relationship; do institutional quality effects modify the 
transmission of shocks to credit quality; and are these effects stable across states of the world? The 
section ends with four hypotheses that relate directly to the empirical design. 

2.1. Macroeconomic Determinants of Banking-Sector Credit Risk 

The growth channel is one of the most consistent determinants of non-performing loans 
dynamics [3,19]. Weaker real GDP growth leads to reduced household and corporate cash flows, a 
decline in the value of the collateral, and a higher probability of deterioration in performing 
exposures [3]. This finding holds consistently across CESEE-specific panels [1,2,5], larger European 
samples [10,20,21], transition-economy research articles [7,22,23], and global designs [3,24]. Some 
Western Balkan GMM studies show unusual positive signs for GDP-NPLs [25,26], which seem to 
reflect sample-specific endogeneity rather than a real reversal of the repayment-capacity mechanism. 

The interest-rate channel is also well documented, but the estimates are more heterogeneous [6]. 
An increase in real rates increases the cost of debt service and can accelerate the transition process 
from payment difficulty to outright impairment [6,7,20,27]. The magnitude is generally less than the 
growth effect and is dependent on the maturity structure of credit and the prevalence of floating rate 
contracts [2,11].  

The exchange rate channel is particularly outstanding in emerging and transition economies [3]. 
Currency depreciation can negatively impact the quality of credit due to foreign currency 
mismatches, imported inflation, and tighter external financing [3,19]. Beck et al. [3] demonstrate that 
this effect is highly conditional upon the share of foreign-currency lending. Jakubik and Reininger [2] 
affirm that FX-weighted depreciation is one of the notable predictors of non-performing loan 
developments in CESEE. Similar associations are reported by Tatarici et al. [6] and Tanaskovic and 
Jandric [8]. This channel is the focus of the current analysis as it connects the vulnerability of domestic 
banking to the transmission of the problem to other countries. 
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A consistent pattern across the literature is the persistent nature of credit risk. Once the quality 
of assets declines, resolution tends to become a long process [1,3,27,28]. Huljak et al. [4] go even 
further by demonstrating that high levels of non-performing loans hinder bank lending and real 
economic activity in the euro area, thereby reinforcing the macro-financial feedback loop. As a result, 
macroeconomic shocks not only increase current credit risk but also interact with pre-existing 
weaknesses in the banking sector, and the deterioration that comes may take many years, and even 
decades. 

Banking-sector controls also find their way into literature in a systematic way. Better-capitalized 
and more profitable systems tend to be associated with less future credit risk, while aggressive credit 
expansion is often correlated with future credit deterioration [9,29–31]. Credit risk is a measure of the 
magnitude of external stress and the absorptive capacity of the financial system receiving such stress. 

2.2. Emerging Europe and CESEE Evidence 

Table 1 brings together the most important characteristics of 27 existing studies that are directly 
relevant to the empirical context, and is organized to point to the locations where the coverage is 
dense and where there is a lack of material. 

Table 1. Selected empirical studies on NPL determinants in emerging Europe and comparator panels. 

Study Region Period Estimation DV 
form GDP IR FX Inst. Threshold 

Klein [1] CESEE 1998–2011 
FE, Diff-GMM, 
Sys-GMM, 
PVAR 

Ratio (-) . (-) . No 

Moinescu [27] 10 CEE 2003–2011 Dynamic FE Logit (-) (+) (+) . No 
Jakubik and 
Reininger [2] 9 CESEE 2004–2012 Sys-GMM, FE Ratio (-) (+) (+) . No 

Skarica [5] 7 CEE 2007–2012 OLS-FE Change (-) . n.s. . No 
Makri et al. 
[21] 

14 Eurozone 2000–2008 Diff-GMM Ratio (-) . . . No 

Erdinc and 
Abazi [12] 

20 emerging 
European 

2000–2011 Sys-GMM, Diff-
GMM 

Log (-) (+) n.s. n.s. No 

Tanaskovic 
and Jandric [8] 

CEEC/SEE 2006–2013 Static FE Log (-) (-) (+) (-) No 

Beck et al. [3] 75 countries 2000–2010 Diff-GMM, FE Ratio (-) (+) (+) . No 

Cifter [32] 10 CEE 2000–2009 
Sys-GMM, IV, 
FMOLS Ratio (-) . (-) n.s. No 

Bilan and 
Roman [22] 11 CEE 2000–2013 

FE (time + 
country) Ratio (-) . n.s. . No 

Curak et al. [7] 8 SEE 2003–2010 GMM Ratio (-) (+) n.s. . No 
Szarowska [11] 11 CEE 1999–2015 Dynamic FE Ratio (-) (+) (-) . No 
Mazreku et al. 
[23] 10 transition 2006–2016 OLS, FE, RE, 

GMM Ratio (-) . . . No 

Pop et al. [16] 7 emerging 
European 

2007–2016 PSTR Ratio . (+) . . Yes 

Bayar [9] Emerging 
markets 

2000–2013 Sys-GMM Ratio (-) (+) . (-) No 

Lee et al. [10] 28 EU 2007–2016 Sys-GMM Ratio (-) (+) . (-) No 
Ciukaj and Kil 
[29] 

7 high-NPL EU 2011–2017 Static FE Ratio (-) (+) . (+) No 

Kil et al. [31] CEE (EU) 2008–2017 Sys-GMM, RE Ratio (-) . . . No 
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Tatarici et al. 
[6] 12 EEC 2005–2017 

FE, Sys-GMM, 
BVAR Logit (-) (+) (+) (-) No 

Ristevska [33] 5 SEE 2008–2017 
Diff-GMM, 
DOLS, VECM Ratio (-) (+) . . No 

Ayhan and 
Kartal [24] 23 countries 2006–2018 AMG Ratio (-) . n.s. . No 

Shala et al. [15] 17 CEE 2006–2017 FE Ratio n.s. . . (-) No 
Sfakianakis et 
al. [20] 51 OECD/EU 2005–2020 Panel EGLS-FE Ratio (-) (+) n.s. . No 

Bischof et al. 
[34] 16 European 2007–2016 FE-OLS, RE-

logit, DiD Ratio (-) . . (-) No 

Milenkovic et 
al. [28] 18 Eurozone 2015–2020 FE, PMG Ratio (-) . (+) . No 

Tmava and 
Spahiu [35] 

6 Western 
Balkans 2012–2023 OLS, Sys-GMM Ratio (-) (+) . . No 

This paper 14 CESEE 2008–2023 BC-FE, FE-DK, 
Threshold 

Logit (-) (+) (+) n.s. Yes 

Notes:* (-) = negative and significant; (+) = positive and significant; n.s. = tested but not significant; (.) = not 
tested or not reported. “DV form” denotes the transformation applied to the NPL ratio: Ratio = untransformed 
level; Log = natural logarithm; Logit = log-odds transformation; Change = first difference or growth rate. 
Column headers “GDP” refers to a real GDP growth measure, “IR” to the real or nominal interest rate, and 
“FX” to an exchange-rate depreciation measure. “Inst.” refers to whether an institutional or governance 
variable was included and found significant. “Threshold” indicates whether a formal threshold or regime-
switching test was conducted. 

Three gaps are evident in the accumulated evidence. The majority of CESEE research studies 
either omit institutional variables entirely or include them as additive controls, and only Tanaskovic 
and Jandric [8], Lee et al. [10], Tatarici et al. [6], Shala et al. [15], Bayar [9], and Erdinc and Abazi [12] 
include institutional measures, and none test whether institutional quality conditions the slope of 
macroeconomic shock transmission. Of the studies reviewed, only Pop et al. [16] use a formal 
threshold framework, and their threshold variable is bank-level liquidity, not system-level 
profitability. The vast majority of the studies model the NPL (non-performing loan ratio in levels or 
logs, and only Moinescu [27] and Tatarici et al. [6] use the logit transformation that respects the 
bounded support of the variable. Taken together, the CESEE literature supports an empirical design 
organized around macroeconomic shocks, banking-sector resilience characteristics, and institutional 
conditions, while leaving unresolved whether institutions operate additively or as shock transmitters 
and whether transmission is state dependent. 

2.3. Institutional Quality, Enforcement, and Regulatory Transmission 

For the purposes of this paper, institutional quality has been defined as the legal and regulatory 
environment in which macroeconomic stress is converted into banking outcomes: the quality of 
regulation, the enforceability of contracts, the credibility of the rule of law, and the predictability of 
the operating environment. 

Tanaskovic and Jandric [8] show that institutional conditions still maintain explanatory power 
in addition to macroeconomic factors in a CEEC/SEE panel. Bayar [9] finds that economic freedom 
indices are associated with lower non-performing loan ratios even after macro and bank-specific 
controls are included. Lee et al. [10] associate certain WGI dimensions with non-performing loan 
outcomes in 28 EU countries. Goyal et al. [14] document similar associations in the BRICS, and 
Agyapong demonstrate that governance facilitates financial institution development in sub-Saharan 
Africa, and macroeconomic volatility acts as a negative moderator. Kanapickiene et al. [36] find that 
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institutional environment factors are risk-decreasing for consumer loan credit risk in 11 CEE 
economies. 

Most of these studies, however, focus on whether institutions are important for the level of credit 
risk. The more important question is whether institutional quality affects the speed with which 
adverse shocks convert into banking outcomes. A better rule of law can help improve the enforcement 
of contracts and reduce strategic default. Similarly, improved regulation may improve the 
responsiveness of supervision and facilitate early intervention. Moreover, better insolvency 
frameworks can help resolve such cases more quickly rather than letting impaired assets pile up 
[34,37]. Beirne and Panthi [13], working with 12 Asian economies, find that high-quality institutions 
help to support macrofinancial resilience in times of stress, while the buffering effect disappears in 
countries with weaker governance. Kawalec [38], in an earlier assessment of the transition economy 
banking crisis, noted that institutional capacity for crisis resolution was a key differentiator between 
countries that stabilized quickly and those that did not. 

An additive specification cannot test for the moderating effect of institutions on the transmission 
of shocks. What is needed is an interaction design in which the marginal effect of exchange rate 
depreciation is allowed to vary with the level of institutional quality. That is the approach adopted 
in this paper. 

2.4. Nonlinear and Threshold Dynamics 

If the marginal impact of macroeconomic shocks is affected when the level of resilience in the 
banking sector falls below a critical level, a linear specification could underestimate the risk 
amplification precisely when financial stability is an issue of concern. The economic logic behind this 
is straightforward: low profitability means low capacity for a banking system to absorb deterioration, 
to provision without straining the balance sheet, and to resolve impaired assets in a timely manner. 
Under such conditions, a shock that in a high-profitability environment might be manageable can 
lead to a disproportionately large increase in non-performing loans. 

Hansen [39] gives the canonical framework of the threshold for panel data. Gong and Seo [40] 
are an extension of the bootstrap treatment of dynamic panel threshold models. In the non-
performing loan literature, Pop et al. [16] find a liquidity-based threshold in emerging European 
banks of around 0.95 for the loan-to-deposit ratio. Bardhan et al. [17] find that capital adequacy has a 
nonlinear effect on impaired assets below 10-12 percent capital adequacy. Bolarinwa et al. [18] report 
thresholds in the NPL-profitability relationship of 3.5 percent ROAA and 5.0 percent ROAE. Despite 
this accumulating evidence, formal threshold tests remain rare in the CESEE non-performing loan 
literature. The current analysis helps to fill that gap by employing lagged return on equity as the 
regime variable, based on the fact that it is directly related to the banking system’s ability to absorb 
losses without impairment to its balance sheet. 

2.5. Hypotheses 

The theoretical arguments and empirical evidence reviewed above lead to four testable 
hypotheses. 

H1 (Growth channel). Lower real GDP per capita growth increases banking-sector credit risk, 
operating through the repayment-capacity mechanism [1–3,7,21]. 

H2 (Interest-rate and exchange-rate channels). Higher real interest rates and exchange-rate 
depreciation increase banking-sector credit risk, operating through the debt-servicing and external-
balance-sheet channels, respectively. The exchange-rate component is especially relevant in CESEE 
economies with significant foreign-currency exposure [2,3,6,27]. 

H3 (Institutional moderation). Stronger institutional quality moderates the pass-through of 
macroeconomic shocks, particularly exchange-rate depreciation, to banking-sector credit risk. The 
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claim is not that institutions improve outcomes on average, but that they reduce the marginal 
sensitivity of credit risk to adverse conditions [8,10,13,14]. 

H4 (Threshold amplification). The effect of macroeconomic shocks on banking-sector credit risk is 
stronger when banking-sector profitability falls below a critical threshold [16–18]. 

H1 and H2 test the standard macro-financial transmission channels in a dynamic environment 
that takes account of persistence. Meanwhile, H3 goes one step further in the analysis by moving the 
institutional variable from being additive to being conditioning. Finally, H4 tests whether the data 
support regime-dependent behavior. The scenario module then converts the estimated coefficients 
into paths of projected credit risks under standardized adverse conditions, which converts the 
statistical evidence to be directly interpretable from a macro-financial surveillance perspective. 
Operationally, H1 to H4 imply a specification with macroeconomic shock variables, banking-sector 
controls, and a profitability threshold variable, and institutional quality entering both as a level term 
and as an interaction with exchange-rate depreciation. 

3. Data, Variables, and Empirical Strategy 

The empirical design of this paper is determined by the two features of the setting. The cross-
sectional dimension is small, which enforces the discipline on the number and choice of regressors 
and the estimators, respectively. Meanwhile, the research questions require a framework that 
supports persistence, institutional interaction, threshold nonlinearity, and scenario projection within 
an integrated structure. This section outlines the sample and construction of the variables, specifies 
the baseline and augmented models, justifies the estimator, and sets out the threshold and scenario 
designs. 

3.1. Sample, Country Coverage, and Data Sources 

The empirical analysis is carried out on the banking systems of 14 countries in Central, Eastern, 
and Southeastern Europe, on an annual basis. The estimation window extends from 2008 to 2023, so 
that lags can be constructed consistently and time-series continuity can be verified before fixing the 
estimation sample. The balanced baseline panel includes 224 country-year observations (N = 14 
countries observed over T = 16 years). The estimation sample of complete cases with the restriction 
that all lagged regressors are available at the same time includes 192 observations (85.7 percent of the 
baseline panel) and has an average usable time dimension of 13.7 years per country. 

The unit of analysis is the banking sector for each country observed on an annual basis. The 
paper does not deal with fluctuations in loan performance at individual institutions but rather with 
how macroeconomic shocks are transmitted to aggregate credit risk. Country-level aggregation is 
also consistent with the institutional quality variables, which differ across countries as well as over 
time but not across banks within a single jurisdiction. 

The dataset is constructed from four groups of publicly available sources. Banking-sector 
indicators are drawn from the IMF Financial Soundness Indicators (FSI) database and include the 
non-performing loan ratio, regulatory capital to risk-weighted assets, the liquidity ratio, return on 
equity, and total banking-sector assets. Macroeconomic variables are obtained primarily from the 
World Bank’s World Development Indicators (WDI) database and include real GDP per capita 
growth, exchange-rate change, and the real interest rate. The real interest rate is defined as the lending 
rate adjusted for the GDP deflator inflation. Where the WDI series is incomplete or yields implausible 
observations for particular CESEE countries, the relevant nominal rate or exchange-rate observations 
are taken from national central bank publications and reconstructed using a uniform definition across 
countries. Institutional variables, namely Rule of Law and Regulatory Quality, are taken from the 
World Bank’s Worldwide Governance Indicators (WGI). Financial deepening is measured by private 
sector credit to GDP from the World Bank’s Global Financial Development Database (GFDD). 
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3.2. Variable Construction 

Consistent with these hypotheses, the explanatory variables are organized into macroeconomic, 
banking-sector, and institutional blocks. The dependent variable is banking-sector credit risk, which 
is measured as the ratio of non-performing loans to the total of all gross loans. Since this ratio is 
bounded on  [0, 100] and typically right-skewed, the baseline analysis is conducted using a logit 
transformation: 

𝑛𝑛𝑛𝑛𝑛𝑛_𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖,𝑡𝑡 = 𝑙𝑙𝑙𝑙 �
𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖,𝑡𝑡

�100 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑖𝑖,𝑡𝑡�
� 

where npli,t is the NPL ratio in percent for country i at time t.  
This transformation can be used to map the bounded ratio onto the real line, and deemphasize 

the extreme observation in the tails, which is also compatible with the transformation used by 
Moinescu [27] and Tatarici et al. [6] in the CESEE samples. The econometric analysis is presented with 
results in logit space and then transformed back to non-performing loan ratios, where econometric 
interpretation is required. 

The explanatory variables are separated into three blocks. Table 2 presents all the variables, their 
precise definitions, origins, and roles in the construction of the empirical study. 

Table 2. Variable definitions, sources, and empirical roles. 

Block Variable Definition Source Role 

Dependent NPL ratio (logit) 
ln [NPL/(100 − NPL)], where NPL = 
non-performing loans to total gross 
loans (%) 

IMF FSI Dependent 
variable 

Macro 
shock 

Real GDP p.c. 
growth 

Annual growth rate of real GDP per 
capita (%) 

World Bank 
WDI 

Core regressor 
(H1) 

Macro 
shock Real interest rate 

Lending rate adjusted for GDP 
deflator inflation (%) 

World Bank 
WDI 

Core regressor 
(H2) 

Macro 
shock 

FX depreciation 
Year-on-year depreciation of local 
currency per USD, corrected for 
euro-adoption breaks (%) 

World Bank 
WDI, national 
sources 

Core regressor 
(H2) 

Banking 
resilience 

Regulatory 
capital/RWA 

Regulatory capital to risk-weighted 
assets (%) IMF FSI Lagged control 

Banking 
resilience Liquidity ratio Liquid assets to total assets (%) IMF FSI Lagged control 

Banking 
resilience 

Return on equity Net income to average equity (%) IMF FSI 
Lagged control; 
threshold variable 
(H4) 

Banking 
structure 

Private 
credit/GDP 

Domestic credit to the private 
sector as a share of GDP (%) 

World Bank 
GFDD Lagged control 

Banking 
structure Log bank assets 

Natural logarithm of total banking-
sector assets (local currency) IMF FSI Lagged control 

Institutions Institutional 
composite (z) 

Standardized mean of rule of law 
and regulatory quality 

World Bank 
WGI 

Level term; 
interaction with 
FX (H3) 

Interaction 
FX depreciation 
x Inst. quality 

Product of lagged FX depreciation 
and lagged institutional composite Derived Tests H3 directly 

The macroeconomic block is comprised of three variables which addressing a transmission 
channel in H1 and H2. The income and repayment-capacity channel is represented by Real GDP per 
capita growth, whereas the debt-servicing channel is represented by the real interest rate. The channel 
of international transmission that works via currency pressure, balance-sheet effects, and global 
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financial tightening, on the other hand, is reflected in exchange-rate depreciation. These will be the 
core mechanisms of transmission to be studied and in harmony with the channels found in the CESEE 
literature [1–3]. 

The block that deals with the banking industry holds five variables. The internal resilience is 
captured by return on equity, which is also used as the threshold variable in the nonlinear analysis 
(Section 3.6). Also, the ratio of the credit cycle and the extent of financial deepening is represented by 
the ratio of private credit to GDP, and the banking-sector assets are introduced in the logarithmic 
form to absorb the scale effect. 

The institutional composite is constructed as the mean of two World Governance Indicator 
dimensions that are standardized and these are rule of law and regulatory quality. T Each component 
is standardized to zero mean and unit variance before averaging. The resulting variable is the legal 
and regulatory environment in which financial intermediation operates. Its major purpose is to 
precondition the estimated projection of transmissions of exchange-rate shocks to credit risk as 
congruent with H3. The augmented specification, then, consists of a level term to the institutional 
composite and an interaction of the composite, exchange-rate depreciation. 

The explanatory variables are all introduced in the baseline specification with a one-period lag. 
Construction of the lag is done using the entire source window of 2007–2024, and then the panel is 
filtered to the estimation period of 2008–2023 so that the 2008 observations maintain valid lagged 
information of 2007. The one-period lag minimizes the possibility that the present credit risk is 
described by contemporaneous changes in the jointly determined variables and is indicative of the 
economic rationality according to which asset quality in the banking sector is usually sensitive to 
macroeconomic factors with a lag. Table 3 presents descriptive statistics of the analysis panel. 

Table 3. Descriptive statistics (analysis panel, 2008–2023). 

Variable N Mean SD Min Median Max 
NPL ratio (%) 220 9.94 9.17 0.40 6.53 54.82 
NPL logit 220 -2.57 1.00 -5.50 -2.66 0.19 
Real GDP p.c. growth (%) 224 2.78 5.02 -22.75 3.51 15.66 
Real interest rate (%) 224 2.12 6.76 -45.27 2.55 20.44 
FX depreciation (%) 224 4.45 12.61 -14.40 0.32 86.98 
Regulatory capital/RWA 
(%) 

224 19.53 4.18 11.00 18.76 35.65 

Liquidity ratio (%) 223 32.11 13.19 7.30 28.50 72.28 
Return on equity (%) 224 7.91 11.47 -53.10 8.86 42.23 
Private credit/GDP (%) 209 50.81 15.56 18.65 49.99 101.38 
Log bank assets 223 23.71 1.37 21.48 23.66 27.37 
Institutional composite (z) 224 0.02 0.98 -1.74 -0.19 2.32 

Figure 1 displays the pairwise correlations among all baseline variables. 
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Figure 1. Pairwise correlation heatmap for baseline variables. Cell entries are Pearson correlation coefficients 
computed on the full estimation sample of 14 CESEE banking systems over 2008–2023. The dependent variable 
(NPL) is shown in its logit transformation. Source: Authors’ calculations based on data from the IMF Financial 
Soundness Indicators, World Bank World Development Indicators, World Bank Worldwide Governance Indicators, and 
central-bank statistical databases. 

Empirical design is supported in the sample by the descriptive characteristics of the sample at a 
number of points. The average non-performing loan ratio stands at 9.94 percent, with a median of 
6.53 percent, which validates the tight-skewed distribution based on the occurrence of distressing 
episodes in a few countries. The maximum is over 54 percent, which means that this panel has areas 
of severe sector-wide impairment, and the bounded and skewed character of this distribution is just 
why we want to apply the logit transformation. The growth in real GDP per capita is between 
approximately -22.75 and 15.66 percent the deep contractions of the global financial crisis and the 
pandemic, as well as rapid recoveries. The FX depreciation is 4.45 percent, and the standard deviation 
is 12.61, which is in line with the high exchange rate volatility that is a typical feature of the region. 
The institutional composite varies between 2.32 and -1.74, which allows concluding on strong 
heterogeneity in governance across the sample, which is critical in establishing the interaction effects 
in H3. 

3.3. FX Correction Procedure 

Before estimation, the exchange-rate series needed an explicit correction. Four countries in the 
sample adopted the euro during the observation window: Estonia (2011), Latvia (2014), Lithuania 
(2015), and Croatia (2023). In raw official exchange-rate data, these transitions produce mechanical 
discontinuities in the computed year-on-year depreciation because the reporting unit changes 
abruptly. If left untreated, the resulting series might contain values exceeding 80 percent in absolute 
terms, which are not a real representation of the macro-economic or financial stress. Since the 
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exchange-rate variable is central to the paper’s contribution on international financial transmission, 
this problem cannot be dealt with informally. Corrections applied are reported in Table 4. 

Table 4. FX break corrections for euro-adoption years. 

Country Year Raw FX depreciation (%) Corrected FX depreciation (%) 
Estonia 2011 -93.92 -4.80 
Latvia 2014 42.19 0.04 
Lithuania 2015 -65.34 19.69 
Croatia 2023 -87.08 -2.75 

The correction replaces the unadjusted depreciation value for the euro-adoption year with a 
value derived from the pre-adoption exchange-rate trajectory, which preserves the underlying 
macro-financial signal while at the same time removing the accounting discontinuity. Specifically, 
the corrected value is derived from the percentage change in the local currency per USD over the 12 
months preceding the final pre-adoption observation, thus preserving the underlying macro-
financial signal while removing the accounting discontinuity caused by the change in reporting unit. 
The corrected value for Lithuania (19.69 percent) remains large because genuine depreciation of the 
litas against the USD was occurring during 2014–2015, independent of the euro-adoption event; the 
correction removes only the mechanical break, not the real currency movement. According to Beck 
et al. [3] and Jakubik and Reininger [4], exchange-rate movements play a crucial role in the evolution 
of non-performing loans, particularly in financially exposed systems. That argument is economically 
meaningful only if the series in depreciation reflects actual currency stress as opposed to a change in 
reporting convention. The current correction does exactly that. 

3.4. Baseline Dynamic Specification 

Credit risk in the banking sector is very persistent, and once non-performing loan ratios rise, 
resolution is typically slow, especially in banking systems with poor coping frameworks or uncertain 
legal environments. Without this persistence in our specification, we would risk confounding 
inherited banking distress with the effect of current macroeconomic conditions. The baseline model 
is thus dynamic and links current credit risk to its own lag, lagged macroeconomic shocks, lagged 
banking sector controls, and institutional quality: 

𝑦𝑦𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝜆𝜆𝑡𝑡 + 𝜌𝜌𝜌𝜌𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽1𝑔𝑔𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽2𝑟𝑟𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽3𝑓𝑓𝑖𝑖,𝑡𝑡−1 + 𝛾𝛾′𝑋𝑋𝑖𝑖,𝑡𝑡−1 + 𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝑖𝑖,𝑡𝑡−1
+ 𝑢𝑢𝑖𝑖,𝑡𝑡                 (1) 

where 
● yi,t is the logit-transformed NPL ratio for country i in year t; 
● αi denotes country fixed effects; 
● λt denotes year fixed effects; 
● yi,t-1 is the lagged dependent variable with autoregressive parameter rho; 
● g, r, and f are real GDP per capita growth, the real interest rate, and FX depreciation, 

respectively; 
● Xi,t-1 is a vector of lagged banking-sector controls (regulatory capital, liquidity, return on 

equity, private credit to GDP, and log bank assets); 
● Insti,t-1 is the institutional quality composite, and 
● ui,t is the idiosyncratic error. 
Country fixed effects control for all stable, long-run differences between banking systems, 

including well-established institutional features and financial structures that are not reflected by the 
variables that change over time. Year fixed effects absorb common shocks that affect all countries at 
the same time, such as deterioration in global financial conditions, region-wide macroeconomic 
stress, or changes in the external risk environment. The joint significance of year fixed effects is 
formally tested in the diagnostic analysis in Section 5. 
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The specification recognizes variation over time rather than cross-sectional differences in levels 
within selected countries. It poses the question of how changes in macroeconomic and institutional 
conditions are associated with changes in future credit risk, accounting for persistence and common 
shocks. 

To test H3, whether institutional quality changes the pass-through of exchange-rate shocks, the 
baseline is supplemented with an interaction term: 

𝑦𝑦𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝜆𝜆𝑡𝑡 + 𝜌𝜌𝜌𝜌𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽1𝑔𝑔𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽2𝑟𝑟𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽3𝑓𝑓𝑖𝑖,𝑡𝑡−1 + 𝛾𝛾′𝑋𝑋𝑖𝑖,𝑡𝑡−1 + 𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝛿𝑖𝑖,𝑡𝑡−1 + ⋯ 
⋯+ 𝜃𝜃�𝑓𝑓𝑖𝑖,𝑡𝑡−1 × 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖,𝑡𝑡−1� + 𝑢𝑢𝑖𝑖,𝑡𝑡              (2) 

The parameter theta is central to our H3, and its negative value would indicate that stronger 
institutional quality dampens the pass-through of exchange-rate depreciation to banking-sector 
credit risk, while a zero or imprecisely estimated value of theta would show that the linear 
moderation channel is weak or difficult to identify in the available sample. The introduction of 
institutional quality as a transmission modifier, rather than as a passive background control, is driven 
by the theoretical argument developed in Section 2 and by empirical evidence that governance 
conditions influence the propagation of adverse shocks to financial performance [8,10,13,41]. 

3.5. Estimation Strategy 

The primary specification is a bias-corrected dynamic panel fixed-effects estimator. The 
motivation for this is based on the data’s dimensions. The standard within-groups estimator for a 
dynamic specification with N = 14 and T = 16 is subject to Nickell bias [42], which is of order O(1/T) 
and can be non-negligible when T is moderate. Moreover, GMM estimators developed for large-N 
panels, whether in the difference form of Arellano and Bond [43] or the system form of Blundell and 
Bond [44], are not necessarily preferable in a setting with a small cross-sectional dimension. The bias-
corrected LSDV, which builds on analytical correction derived by Kiviet [45] and extended to 
unbalanced panels by Bruno [46], offers a disciplined treatment that addresses the dynamic-panel 
bias, but is still appropriate for the scale of the sample. Judson and Owen [47] provide Monte Carlo 
evidence that bias-corrected fixed-effects estimators perform well compared to GMM alternatives in 
panels with small N and moderate T, which is exactly the configuration encountered here. 

The baseline model uses country block bootstrap inference with 500 replications (B=500). The 
block structure preserves the serial dependence within a country and results in interval estimates that 
do not depend on large-sample approximations to the distributions. In this setting, bootstrap-based 
inference is essential rather than optional, because standard asymptotic formulas show signs of 
reduced reliability when the cross-sectional dimension is small. 

The baseline results are complemented by two alternative inferential approaches that have the 
same within-groups point estimates but under different standard error corrections. Driscoll-Kraay 
standard errors [48] are valid under general forms of cross-sectional and temporal dependence, and 
the applicability of this correction is confirmed empirically through the Pesaran CD Test [49], 
resulting in a statistic of -2.34 (p = 0.019), indicating that cross-sectional dependence in the residuals 
is not negligible. Country-clustered standard errors serve as a conventional benchmark. Reporting 
these alternatives is supposed to demonstrate that the main interpretation of the core coefficients does 
not depend upon one specific inferential convention. 

Dynamic-panel GMM is retained as a diagnostic exercise rather than as a competing estimator. 
With only N = 14 cross-sectional units and a highly persistent dependent variable, GMM estimators 
developed for large-N panels face well-documented finite-sample problems: instrument 
proliferation, singular weighting matrices, and weak over-identification test behavior [50]. In our 
implementation, System GMM produced a singular two-step weighting matrix and could not be 
estimated; we therefore report a parsimonious one-step Difference GMM diagnostic in Table A1 of 
the Appendix, restricted to a lagged dependent variable and the two most theoretically central 
macroeconomic regressors (real GDP per capita growth and FX depreciation) with lags 2–3 of the 
logit NPL ratio as instruments. The purpose of this diagnostic is to illustrate the small-N instability 
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that motivates our choice of the bias-corrected fixed-effects estimator as the primary specification, 
not to propose GMM as a competing estimator. 

There are no serious multicollinearity issues in the baseline set of regressors. The maximum 
variance inflation factor is 2.06, comfortably below conventional thresholds [28]. This means that the 
interaction term and the institutional composite enter the system without creating a mechanical 
identification problem. 

3.6. Threshold Design 

The threshold analysis is used to test H4, that is, whether the slope of the macro–credit-risk 
relationship changes when banking-sector profitability falls below a critical level. Our specification 
is based on the panel threshold framework of Hansen [39,51], and adapted for a dynamic setting with 
inference based on the bootstrap procedures developed by Gong and Seo [40]: 

𝑦𝑦𝑖𝑖,𝑡𝑡 = 𝛼𝛼𝑖𝑖 + 𝜌𝜌𝜌𝜌𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽𝐿𝐿′𝑀𝑀𝑖𝑖,𝑡𝑡−1 ∙ 𝐼𝐼�𝑞𝑞𝑖𝑖,𝑡𝑡−1 ≤ 𝛾𝛾� + 𝛽𝛽𝐻𝐻′ 𝑀𝑀𝑖𝑖,𝑡𝑡−1 ∙ 𝐼𝐼�𝑞𝑞𝑖𝑖,𝑡𝑡−1 > 𝛾𝛾� + 𝜙𝜙′𝑊𝑊𝑖𝑖,𝑡𝑡−1

+ 𝑢𝑢𝑖𝑖,𝑡𝑡      (3) 
where 

● qi,t-1 is the threshold variable (lagged return on equity); 
● γ is the threshold parameter to be estimated; 
● I (·) is the indicator function;  
● Mi,t-1 contains the macroeconomic shock variables whose coefficients are allowed to differ 

across regimes (GDP growth and FX depreciation), and  
● Wi,t-1 contains the remaining controls whose coefficients are constrained to be equal across 

regimes.  
By minimizing the concentrated sum of squared residuals over a grid of 300 candidate values, 

we estimated the threshold γ (gamma). Additionally, we have used a 15 percent parameter to ensure 
adequate observations in each regime.  

The reason for using return on equity as a threshold variable is its direct link with the ability to 
absorb shocks. A banking system operating with weak profitability has less room to absorb asset-
quality deterioration through retained earnings, less capacity to provision against losses without 
balance-sheet impairment, and weaker incentives to resolve impaired exposures promptly [18]. The 
threshold model does not replace the linear baseline. It tests whether the average relationship 
estimated in Equation (1) masks a steeper transmission mechanism in low-profitability states. 

Inference for the threshold parameter and the test of linearity against the threshold alternative 
is performed using 399 replications (B=399), following the recommendation in Hansen [51] for 
bootstrap-based p-values in threshold models. 

3.7. Scenario Simulation Design 

The final element of our empirical strategy is to translate the estimated coefficients into scenario-
based projections of credit risk. The scenario module is an interpretive extension of the baseline 
dynamic panel, which aims to show what the estimated macro-financial sensitivities would suggest 
for the path of credit risk in the banking sector under alternative adverse conditions. 

The scenario recursion operates in the same logit space as the econometric model: 

𝑦𝑦�𝑡𝑡+ℎ = 𝑐𝑐̅ + 𝜌𝜌�𝑦𝑦�𝑡𝑡+ℎ−1 + 𝛽̂𝛽′𝑆𝑆ℎ    (4) 
where  

● y�t+h is the projected logit NPL at horizon h;  
● 𝜌𝜌� and 𝛽̂𝛽 are the estimated persistence and shock parameters from Equation (1); 
● Sh is the scenario-specific vector of macroeconomic conditions, and  
● 𝑐𝑐̅ is the intercept calibrated so that the baseline no-shock path remains anchored at its 

observed starting level rather than drifting mechanically.  
Projected values are translated back into non-performing loan ratios using the inverse logit 

transformation. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2026 doi:10.20944/preprints202606.0956.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202606.0956.v1
http://creativecommons.org/licenses/by/4.0/


 14 of 30 

 

There are six scenarios that are analyzed over a five-year projection horizon. The baseline path 
assumes all macroeconomic variables are at their sample means. This baseline path is complemented 
by three single-shock scenarios, including a one-standard-deviation decline in GDP growth, an 
increase in the real interest rate, or a depreciation of the exchange rate. We also assume a combined 
adverse scenario where all three shocks happen simultaneously at one standard deviation, and a 
severe combined scenario in which all occur at two standard deviations. Uncertainty around the 
projected paths is captured using the bootstrap distribution of estimated coefficients from the BC-FE 
procedure, ensuring internal consistency between the scenario projections and the inferential 
framework applied to the baseline model. 

This module is driven by the fact that coefficient estimates convey direction and average 
magnitude, but policy institutions operate in a different register. The financial stability authorities 
and central banks make their reasoning based on the projected vulnerabilities and medium-run asset-
quality paths.  The results of Huljak et al. [4] show that elevated non-performing loan ratios depress 
bank lending and real activity in the euro area, which means that the medium-run dynamics of credit 
risk have consequences well beyond the banking sector itself. In systems with high persistence, even 
relatively small single-period shocks may accumulate considerably across multiple years. The 
scenario module renders this accumulation explicit by transforming econometric estimates into 
outputs that are readily interpretable from a macro-financial surveillance viewpoint. 

The combination of data construction, estimator hierarchy, threshold design, and scenario 
module constitutes a cohesive empirical strategy adapted to the scale and configuration of the panel 
dataset. 

4. Baseline Results 

The baseline results indicate four core findings. The observed credit risk in the banking sector is 
found to be highly persistent, while the core macro-financial channels, economic growth, real 
borrowing costs, and exchange-rate depreciation, are empirically relevant in the used panel. The 
preferred dynamic specification produces a coherent and consistent set of coefficient estimates 
amongst the various estimators used. Meanwhile, the manner in which the institutional quality 
influences the transmission mechanism requires careful interpretation. Section 5 discusses threshold 
dynamics, robustness diagnostics, and scenario analysis. 

4.1. Stylized Facts 

The descriptive data in Section 3 (Table 3) show that the credit risk in the banking sector is both 
persistent and unevenly distributed. Specifically, the mean non-performing loan ratio of 9.94 percent 
is higher than the median of 6.53 percent, which proves a right-skewed distribution, influenced by 
periods of extreme shocks in a subset of countries. The timeline of the non-performing loan ratio for 
each country is shown in Figure 2. The analysis identified the following patterns. Primarily, the panel 
shows substantial cross-country divergence during the years after the global financial crisis. 
Moreover, the pace of improvement in credit quality after the mid-2010s varied significantly across 
banking systems. Finally, severe shocks in the banking sector were mainly limited to a group of 
countries where the non-performing loan ratio increased sharply and maintained persistency for 
years, while, in comparison, others remained stable throughout. These trajectories are in accordance 
with the strong macro-financial interconnections and asymmetric post-shock adjustment 
documented in CESEE by Klein [1] and Jakubik and Reininger [2], highlighting why a dynamic 
specification with country fixed effects is the appropriate starting point. 
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Figure 2. Banking-sector NPL ratio by country, 2008–2023. Source: Authors’ compilation from the IMF Financial 
Soundness Indicators and national central-bank publications. 

4.2. Baseline Dynamic Panel Results 

The complete set of baseline estimates across four specifications is presented in Table 5. The 
preferred specification is a bias-corrected fixed-effects (BC-FE) model estimated with block-bootstrap 
inference. We then consider an augmented BC-FE version that includes an interaction term between 
exchange-rate movements and institutional quality. In addition, two standard fixed-effects 
specifications were reported that are identical in all respects except for how the standard errors are 
computed, and one applies Driscoll-Kraay corrections (FE-DK), while the other uses clustering at the 
country level (FE-Cluster). All specifications include country and year fixed effects and the full set of 
lagged regressors. The BC-FE and BC-FE+Interaction columns report bias-corrected point estimates 
with bootstrap standard errors; the FE-DK and FE-Cluster columns share the same within-groups 
point estimates but differ in the standard error correction applied. Figure 3 compares the macro-
financial channel coefficients across all four estimators, and Figure 4 plots the BC-FE estimates with 
95 percent bootstrap confidence intervals. 

Table 5. Baseline estimation results (dependent variable: logit NPL ratio). 

Variable BC-FE BC-FE + Int. FE-DK FE-Cluster 
 Coef. SE Coef. SE Coef. SE Coef. SE 
Lagged NPL (logit) 0.944*** (0.108) 0.926*** (0.090) 0.802*** (0.049) 0.802*** (0.061) 
Real GDP p.c. 
growth -0.014* (0.008) -0.018** (0.007) -0.014*** (0.005) -0.014** (0.007) 

Real interest rate 0.004 (0.009) 0.002 (0.010) 0.004 (0.007) 0.004 (0.008) 
FX depreciation 0.009 (0.006) 0.012** (0.006) 0.009 (0.007) 0.009** (0.004) 
Regulatory 
capital/RWA 

0.001 (0.022) 0.000 (0.024) 0.001 (0.016) 0.001 (0.017) 
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Liquidity ratio 0.004 (0.005) 0.005 (0.005) 0.004 (0.004) 0.004 (0.003) 
Return on equity 0.002 (0.003) 0.002 (0.003) 0.002 (0.005) 0.002 (0.003) 
Private credit/GDP 0.003 (0.005) 0.004 (0.004) 0.003 (0.003) 0.003 (0.003) 
Log bank assets -0.089 (0.209) -0.160 (0.221) -0.089 (0.094) -0.089 (0.108) 
Institutional 
composite 

0.140 (0.175) 0.110 (0.167) 0.140 (0.125) 0.140 (0.114) 

FX x Inst. quality - - 0.003 (0.003) - - - - 
Country FE Yes  Yes  Yes  Yes  
Year FE Yes  Yes  Yes  Yes  
Observations 192  192  192  192  

Notes:* BC-FE denotes the bias-corrected fixed-effects estimator with country block bootstrap (B = 500). BC-FE 
+ Int. adds the FX-institutional quality interaction. FE-DK uses Driscoll-Kraay standard errors. FE-Cluster 
uses country-clustered standard errors. Standard errors in parentheses. Significance: *** p < 0.01, ** p < 0.05, 
* p < 0.10. All regressors are lagged one period. 

 

Figure 3. Multi-estimator comparison of macro-financial channel coefficients. Source: Authors’ calculations. 

Figure 4 complements this multi-estimator comparison by reporting the BC-FE point estimates 
for the full coefficient vector together with their bootstrap confidence intervals. 
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Figure 4. BC-FE coefficient estimates with 95% bootstrap confidence intervals. Source: Authors’ calculations. 

4.3. Persistence and the Macro-Financial Channels 

The dominant characteristic of the estimates is the magnitude of persistence. The BC-FE 
autoregressive coefficient of 0.944 (SE = 0.108) shows that the current credit risk is being carried 
forward to the next period at a rate of approximately 94 percent. 

This corresponds to a half-life of 12.0 years. Even the lower estimates (FE-DK and FE-Cluster) of 
a persistence coefficient of 0.802 correspond to a half-life of 3.1 years. This reflects the degree of the 
system’s persistence. The inertia of banking sector credit risk under both sets of estimates means that 
the effects of macroeconomic shocks persist well after the year in which they occurred. The high 
degree of persistence is consistent with the slow loan resolution dynamics documented in CESEE by 
Klein [1], Tatarici et al. [6], and Milenkovic et al. [28], and with the broader evidence that elevated 
stocks of non-performing loans can depress bank lending and real activity for extended periods [4]. 

The growth channel is negative and stable across all four specifications. The BC-FE estimate of 
−0.014 (p = 0.081) becomes more precisely estimated in the interaction model (−0.018, p = 0.012) and 
attains conventional significance under both FE-DK (p = 0.006) and FE-Cluster (p = 0.044) inference. 
A 5-percentage-point decline in real GDP per capita growth is associated with an increase of about 
0.07 in the logit credit-risk measure in the preferred specification. Due to the persistence of the system, 
this one-period effect compounds over time. The long-run multiplier implied by the BC-FE estimates 
is −0.252, which means that a permanent one-percentage-point decline in growth would eventually 
raise the logit NPL by approximately 0.25 units. The results are consistent with the repayment-
capacity channel emphasized across the CESEE literature [1,3,7,21,22]. 

The coefficient on the real interest rate is positive in all specifications, which is in line with the 
debt-servicing channel and indicates that tighter real borrowing conditions are associated with higher 
future credit risk. The impact is relatively weak, and the coefficient is estimated with low precision 
in all four models (p-values from 0.545 to 0.870), which means that the interest-rate channel is present 
but less precisely estimated than the growth and exchange-rate channels in this sample. This is 
reasonable in a regional panel with heterogeneity in the pass-through of interest rates, which depends 
on the refinancing structure, contract structure, and the distribution of existing balance-sheet stresses 
across regions. The result is consistent with Szarowska [11], Jakubik, and Reininger [2], who also find 
that the interest-rate effect is present but smaller and less stable than the growth effect in CEE panels. 
The exchange-rate channel produces economically significant estimates. The BC-FE coefficient of 
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0.009 increases to 0.012 (p = 0.030) in the interaction model, and is significant at the 5 percent level 
under cluster-robust inference (p = 0.025). A 10-percentage-point depreciation is associated with an 
increase of 0.09 to 0.12 in the logit credit-risk measure, depending on specification. The long-run 
multiplier implied by the BC-FE estimates is 0.159, suggesting that exchange-rate pressure can have 
significant long-term effects on banking-sector credit risk. These effects arise after the exchange-rate 
series has been adjusted for euro-adoption breaks, which reinforces the argument that the estimated 
coefficient captures genuine macro-financial transmission through the channels identified by Beck et 
al. [3] and Jakubik and Reininger [2], rather than a measurement error. 

The banking-sector controls, such as regulatory capital, liquidity, profitability, private credit to 
GDP, and banking-sector scale, do not individually reach significance in the baseline specification. 
This does not mean that these variables are not important, but that in a dynamic model dominated 
by a lagged dependent variable with a coefficient near unity, the marginal explanatory contribution 
of additional regressors is compressed. The banking-sector controls have a conditioning function. 
They absorb variation in banking system structures across countries that could otherwise distort the 
estimated effects of the macro-financial channels. This function is more pronounced in the threshold 
analysis (Section 5), where the profitability of banks, in particular, determines the regime in which 
macro shocks are multiplied. 

4.4. Institutions as a Moderator of FX Transmission 

The enhanced specification (Equation 2 in Section 3) tests H3, which posits an interaction of 
exchange-rate depreciation and the institutional quality composite. The estimated interaction 
coefficient is 0.003 (SE = 0.003, p = 0.253). This is not the dampening pattern that a simple reading of 
H3 might suggest. A negative interaction would have indicated that stronger institutional quality 
reduces the pass-through of exchange-rate shocks to credit risk. However, the positive but 
insignificant estimate does not support that interpretation in this particular specification. 

This finding requires a careful discussion rather than an outright dismissal, given several 
relevant considerations. First, the institutional composite is a broad measure of governance that 
changes slowly over time. In a panel with N = 14 and country fixed effects already absorbing 
permanent cross-country institutional differences, the within-country variation available to identify 
the interaction effect is limited. The institutional channel can also operate through mechanisms that 
cannot be described by a single linear interaction term, such as supervisory responsiveness, 
restructuring capacity, or the credibility of the legal environment, rather than a fixed proportional 
decrease in the FX coefficient. Bischof et al. [34] found that legal efficiency has different importance 
depending on the stage of the economic cycle, suggesting that the institutional channel may be state-
dependent, and not always linear. 

The baseline model and the interaction model have a main-effect coefficient of 0.140 (SE = 0.175) 
and 0.110 (SE = 0.167), respectively, which are imprecisely estimated.  Without considering the 
broader context, these coefficients should not be over-interpreted. In small annual panels, level effects 
for broad institutional variables are inherently noisy [8,9]. This is why the paper does not base its 
institutional argument on these coefficients. Instead, the institutional dimension enters the analysis 
at several points: through the direct term, the interaction term, the threshold design (where 
profitability proxies a dimension of institutional and balance-sheet resilience), and the scenario 
interpretation. The evidence from the baseline interaction is that the simple linear moderation of the 
FX channel by institutional quality is not decisively identified in this sample. This should be 
interpreted as a limitation of our specification and the size of the panel, rather than as evidence that 
institutions do not matter for transmission. 

The results of the baseline model can be summarized concisely in the following way. Banking-
sector credit risk is highly persistent, with an implied half-life that ranges from 3.1 to 12.0 years 
depending on the estimator. Greater future credit risk is always linked to weaker real income growth 
and exchange-rate depreciation, and both are consistent across the correction of the exchange-rate 
series of euro-adoption breaks. Real interest rates carry the expected sign but lack precision. The 
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direct linear relationship between the FX channel and institutional quality is not found to be 
significant, though the institutional dimension remains theoretically and empirically relevant to the 
broader analysis. These findings are the basis for the nonlinear, diagnostic, and scenario-based 
evidence developed in Section 5. 

5. Nonlinearities, Robustness, and Scenario Analysis 

The baseline model results point to a linear transmission mechanism dominated by persistence, 
output growth, and exchange-rate depreciation. The question is how stable those findings are and 
what they suggest once nonlinearity, specification sensitivity, and adverse scenarios are introduced 
into the analysis. 

5.1. Threshold Results 

The threshold analysis utilizes lagged banking-sector profitability, measured by return on 
equity, as the conditioning variable. The rationale is that a banking system that enters a shock episode 
with weak profitability may have less capacity to absorb losses, less room to provision without 
balance-sheet strain, and weaker incentives to resolve impaired exposures promptly. The threshold 
model allows the slopes of the macroeconomic shock variables to vary across regimes of low and 
high-profitability while holding the remaining controls to be equal across regimes, as described in 
Equation (3) of Section 3. Table 6 presents the threshold test summary, and Figure 5 traces the 
concentrated sum of squared residuals across the candidate threshold grid. 

Table 6. Threshold model summary. 

Item Value 
Threshold variable Lagged return on equity (%) 
Estimated threshold (γ (gamma)) 1.80 
Linear-model SSR 8.055 
Threshold-model SSR 7.562 
Likelihood-ratio statistic 12.527 
Bootstrap replications 399 
Bootstrap p-value 0.045 
Low-regime observations (ROE <= 1.80%) 32 
High-regime observations (ROE > 1.80%) 160 

The bootstrap p-value of 0.045 rejects the null of a fully linear specification at the 5 percent level. 
The threshold is estimated at approximately 1.80 percent return on equity, which separates 32 low-
profitability observations from 160 high-profitability observations. The concentrated sum of squared 
residuals decreases from 8.055 under the linear model to 7.562 under the threshold specification, a 
reduction consistent with the estimated likelihood-ratio statistic. This result supports the hypothesis 
(H4) that macro-financial transmission is not uniform across profitability states, and the data provide 
evidence of regime heterogeneity in how macroeconomic shocks translate into banking-sector credit 
risk. 

However, the result should not be overstated. The low-profitability regime has only 32 
observations, which means that it limits the precision of regime-specific coefficient estimates and 
means that the threshold finding is informative rather than definitive. Hansen [51] points out that 
threshold inference is inherently contingent on the relative size of the regimes, and the present 
configuration is not generous in that respect. The correct reading is that the data support a regime 
split at a conventional significance level, not that the paper has identified a universally stable 
structural breakpoint. 
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Figure 5. Threshold SSR profile and estimated profitability cutoff. Source: authors’ calculations. 

5.2. Regime-Specific Coefficients 

Table 7 reports the regime-specific coefficient estimates from the threshold model with cluster-
robust standard errors. 

Table 7. Threshold regime coefficients (dependent variable: logit NPL ratio). 

Variable Coefficient SE (cluster) 
Lagged NPL (logit) 0.788*** (0.066) 
Real interest rate 0.006 (0.008) 
Regulatory capital/RWA -0.000 (0.017) 
Liquidity ratio 0.004 (0.003) 
Private credit/GDP 0.004 (0.004) 
Log bank assets -0.147 (0.154) 
Institutional composite 0.192* (0.110) 
Regime-varying coefficients Low ROE High ROE 
Real GDP p.c. growth -0.004 (0.011) -0.018** (0.009) 
FX depreciation 0.005 (0.003) 0.014*** (0.004) 

Notes:* Low-ROE regime: ROE <= 1.80% (n = 32). High-ROE regime: ROE > 1.80% (n = 160). The persistence 
parameter, the real interest rate, the banking-sector controls, and the institutional composite are constrained to 
be equal across regimes. Standard errors (cluster-robust) in parentheses. Significance: *** p < 0.01, ** p < 0.05, 
* p < 0.10. 

The regime contrast requires careful interpretation. The growth effect is more negative in the 
high-profitability regime (-0.018, SE = 0.009) than in the low-profitability regime (-0.004, SE = 0.011). 
The exchange-rate effect follows the same pattern, being larger in the high-profitability regime (0.014, 
SE = 0.004) than in the low-profitability regime (0.005, SE = 0.003). This is not the simple amplification 
narrative that the strongest version of H4 might suggest, in which weak profitability mechanically 
magnifies every shock coefficient. 

The pattern is, however, consistent with an alternative reading that the replication report 
identifies as the most defensible interpretation. In the low-profitability regime, banking systems are 
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already in a state of accumulated distress. The stock of impaired loans is elevated, workout dynamics 
are ongoing, and the marginal response of the non-performing loan ratio to additional 
macroeconomic deterioration may be compressed by reporting inertia, restructuring delays, or the 
fact that the most vulnerable exposures have already migrated into non-performing status. In the 
high-profitability regime, the system operates closer to normal transmission: shocks hit a portfolio 
that still contains performing loans with the capacity to deteriorate, and the standard macro-financial 
channels, repayment capacity, and balance-sheet effects are more clearly measurable. 

This interpretation is not unprecedented in the literature. Pop et al. [16] identify a liquidity-based 
threshold that separates different risk regimes in emerging European banks, with the more liquid 
regime exhibiting distinct sensitivity to risk factors. Bolarinwa et al. [18] document nonlinearities in 
the NPL-profitability relationship that do not reduce to a simple monotonic story. Bardhan et al. [17] 
find that the effect of capital adequacy on impaired assets changes character once a critical level is 
breached. The common thread is that threshold effects in banking outcomes can take forms more 
nuanced than uniform amplification. What the present data reject is not the importance of 
profitability for the transmission process, but rather the assumption that the macro-credit-risk 
relationship is constant across profitability states. That rejection, confirmed at the 5 percent level, is 
the empirically grounded result. 

5.3. Robustness and Referee Diagnostics 

The baseline findings are subjected to four categories of specification checks: alternative 
inference, coefficient stability across robustness specifications, leave-one-out sensitivity, and formal 
diagnostic tests. Table 8 consolidates the key results. 

Table 8. Robustness and diagnostic summary. 

Panel A: Coefficient stability across logit-DV specifications (4 specifications) 
Variable Min Mean Max 
Persistence (lagged NPL) 0.726 0.783 0.807 
Real GDP p.c. growth -0.017 -0.015 -0.014 
Real interest rate 0.003 0.007 0.016 
FX depreciation 0.008 0.010 0.014 
Panel B: Leave-one-country-out sensitivity (14 exclusions) 
Coefficient Min Median Max 
FX depreciation 0.007 0.009 0.014 
Real GDP p.c. growth -0.018 -0.014 -0.010 
Persistence (lagged NPL) 0.726 0.806 0.823 
Panel C: Diagnostic tests 
Test Statistic Interpretation 

Pesaran CD -2.34 (p = 0.019) Cross-sectional dependence present; supports 
FE-DK inference 

Maximum VIF 2.06 No multicollinearity concern 
Year FE joint F-test 6.78 (p < 0.001) Common time shocks are jointly significant 
Country-level ADF rejections at 
10% 1 of 14 

Mixed unit-root evidence; persistence should 
be discussed carefully 

Figure 6 summarises coefficient stability across the four logit-DV specifications. 
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Figure 6. Coefficient stability across four dynamic logit-DV specifications. Panel (a) shows the persistence 
coefficient ρ; Panel (b) shows the macro-financial channel coefficients (real GDP per capita growth, real interest 
rate, FX depreciation). Blue bars indicate the min–max range across thefour specifications; orange markers show 
the mean. Source: authors’ calculations based on the panel summarised in Table 8. 

Three patterns were maintained through all checks. The persistence coefficient remains large 
and positive across every specification and every country exclusion (range: 0.726 to 0.823). The 
growth coefficient remains negative throughout (range: -0.018 to -0.010). The FX depreciation 
coefficient remains positive throughout (range: 0.007 to 0.014). These three sign patterns, the 
empirical core of the paper, are not an artifact of a single estimator, a single inferential convention, 
or a single influential country. 

The Pesaran [49] CD test confirms cross-sectional dependence in the residuals (statistic = -2.34, 
p = 0.019), which validates the use of Driscoll-Kraay inference as a complement to the bootstrap-based 
BC-FE baseline. The maximum variance inflation factor of 2.06 is well below conventional concern 
thresholds [35], indicating that multicollinearity does not compromise the coefficient estimates. The 
year fixed effects are jointly significant (F = 6.78, p < 0.001), confirming that common time shocks 
matter in the panel and should be retained. The unit-root evidence is mixed: only 1 of 14 country-
level ADF tests rejects at the 10 percent level, which is not unusual in short annual panels with a 
highly persistent dependent variable but does mean that the paper should avoid claiming more time-
series certainty than the panel can support. 

The leave-one-out exercise provides the strictest single-country influence check. No country 
exclusion reverses the sign of either the growth or the FX depreciation coefficient. The FX coefficient 
ranges from 0.007 to 0.014, and the growth coefficient from -0.018 to -0.010, across all 14 exclusions. 
This matters because small regional panels are always vulnerable to the criticism that one or two 
influential units may drive the results. That criticism is not supported by the evidence. 

A parsimonious one-step Difference GMM specification is reported in Table A1 of the Appendix 
as a diagnostic benchmark. The estimator produces a lagged dependent variable coefficient 
effectively at unity (1.005, p < 0.001) and macro-financial coefficients that lose all precision (p = 0.984 
for GDP per capita growth and p = 0.138 for FX depreciation). System GMM was attempted with the 
same regressor set but could not be estimated because the two-step weighting matrix was singular. 
The Difference GMM specification is deliberately restricted to three lagged regressors because, with 
N = 14, augmenting the instrument set with additional controls or year fixed effects magnifies the 
instrument-proliferation problem identified by Roodman [50]. This pattern clarifies why the primary 
estimator was chosen rather than undermining the baseline findings. 
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Figure 7. Leave-one-country-out sensitivity of the growth and FX depreciation coefficients. Source: authors’ 
calculations. 

5.4. Scenario Simulation 

The scenario analysis translates the estimated coefficients into forecasted credit-risk paths in 
standardized adverse conditions. The simulation horizon is five years, and the shocks are set to one 
and two standard deviations of the respective macroeconomic variables. The baseline path is 
intercept-calibrated so that, in the absence of shocks, the projected non-performing loan ratio is 
anchored at its observed starting level. Uncertainty around projected paths is propagated using the 
bootstrap distribution of estimated coefficients from the BC-FE procedure. The projected results at 
the 5-year horizon are reported in Table 9. 

Table 9. Scenario outcomes at the five-year horizon. 

Scenario Projected NPL ratio (%) Change vs. baseline (pp) 
Baseline 6.54 - 
GDP shock (-1 SD) 7.29 +0.75 
Real-rate shock (+1 SD) 6.84 +0.30 
FX shock (+1 SD) 7.76 +1.22 
Combined adverse (1 SD) 9.02 +2.48 
Severe combined (2 SD) 12.32 +5.78 

The scenario ranking is a reflection of the coefficient structure. The exchange-rate shock 
produces a larger medium-run effect (+1.22 pp) than either the GDP shock (+0.75 pp) or the interest-
rate shock (+0.30 pp) in isolation, consistent with the relative magnitudes of the baseline coefficients. 
The combined negative scenario increases the projected non-performing loan ratio to 9.02 percent, 
which represents a 38 percent increase over the baseline. Under the severe combined scenario, the 
projected ratio nearly doubles to 12.32 percent. Figure 8 plots the projected non-performing loan 
trajectories in each scenario in the five-year horizon. 
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Two features of the scenario output are economically consequential. The first is the part that 
persistence plays. Even though the one-period macro coefficients are individually modest, their 
impacts are compounded by the autoregressive nature of the system over multi-year horizons. The 
5.78 percentage-point deterioration in the severe combined scenario is not driven by large one-period 
shocks to the non-performing loan ratio. It is driven by the interaction between moderate annual 
shocks and a persistence coefficient near 0.94. Huljak et al. [4] demonstrate that high non-performing 
loan ratios depress bank lending and real economic activity in the euro area, and the scenario 
projections demonstrate the extent of deterioration that can set such feedback mechanisms in motion. 

The second feature is the dominance of the exchange-rate channel. The FX shock has a bigger 
impact on the medium-run than the GDP shock, and it explains a significant proportion of the 
combined-scenario deterioration. This result reinforces the international-finance dimension of the 
paper. Exchange-rate movements are not a secondary feature of the macro-financial environment in 
CESEE, they are actually a primary transmission channel through which external monetary and 
financial conditions affect domestic banking-sector credit risk [2,3]. Figure 9 decomposes the five-
year impact by scenario. 

 

Figure 8. Projected NPL paths under baseline, single-shock, and combined adverse scenarios. Source: authors’ 
calculations. 

Figure 9 isolates the five-year impact of each scenario relative to the baseline, expressed in 
percentage points, to make the relative magnitudes more directly comparable. 
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Figure 9. Scenario impact relative to baseline at the five-year horizon. Source: authors’ calculations. 

5.5. Policy Implications 

The combined evidence of the threshold model, robustness exercises, and scenario simulations 
have three implications for macro-financial surveillance. 

The exchange-rate channel is to be considered as a core financial stability mechanism in 
emerging Europe. The baseline estimates, the robustness checks, and the scenario projections all lead 
to the same conclusion that the exchange-rate depreciation is a quantitatively significant driver in the 
banking-sector credit risk in the region, and its medium-run impact are enhanced by the persistence 
and continuity of the non-performing loans process. For regulatory authorities, this means that 
exchange-rate stress is not just an external-price event. It is a banking-sector vulnerability channel 
that requires monitoring alongside the more conventional growth and interest-rate indicators [3,8]. 

Persistence suggests that delayed intervention is costly. Once banking-sector credit risk 
increases, it remains elevated for an extended period [34]. The scenario simulations show that a severe 
adverse shock can approximately double the non-performing loan ratio within five years. The policy 
implication is that resolution, provisioning, and restructuring frameworks need to operate early and 
effectively when deterioration sets in. In banking systems where workout capacity is limited or where 
insolvency frameworks are weak, the persistence mechanism converts short-term shocks into 
medium-run balance-sheet problems [34,37]. 

The institutional environment belongs within macro-financial surveillance rather than outside 
it. The baseline interaction term is not significant, and the threshold regime contrast does not follow 
the simplest amplification story. But the broader pattern, that institutional quality is theoretically 
relevant to the transmission mechanism, that the threshold test rejects linearity, and that the scenario 
projections illustrate how macro-financial sensitivities compound over time, is consistent with the 
view that governance conditions shape the environment in which shocks propagate [10,13]. The 
evidence is suggestive rather than definitive on the precise institutional channel, which is an honest 
limitation. It does not, however, support the conclusion that institutions are irrelevant to macro-
financial transmission in CESEE. 

Taken together, the evidence from the baseline estimates, robustness exercises, threshold 
analysis, and scenario simulations reinforces the paper’s central argument. The baseline results are 
robust, withstanding alternative inference procedures, sample perturbations, and diagnostic 
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scrutiny. Threshold analysis confirms nonlinearity in the transmission process, while scenario 
exercises demonstrate that the estimated sensitivities imply substantial medium-run consequences 
once persistence and joint shocks are accounted for. 

6. Conclusion 

This paper examined the cross-border transmission of macroeconomic shocks to credit risk in 
the banking sector in a panel of fourteen CESEE and comparator banking systems over 2008–2023. 
The empirical design combined a bias-corrected dynamic panel specification with threshold analysis, 
alternative inferential approaches, and a scenario simulation module. The analysis is based on three 
key findings. 

The credit risk in the banking sector is highly persistent. The bias-corrected autoregressive 
coefficient is 0.944, which means that the half-life is 12.0 years. Even under the more conservative 
Driscoll-Kraay estimates, the persistence coefficient remains at 0.802, with a half-life of 3.1 years.  
Such a level of inertia means that macroeconomic shocks do not simply raise credit risk in the period 
they occur, but rather they interact with a legacy of banking-sector weaknesses, and the resulting 
deterioration can extend over many years. The finding is consistent with the slow loan-workout 
dynamics documented across CESEE by Klein [1] and Tatarici et al. [6], with the larger body of 
evidence that high NPL ratios reduce bank lending and real activity in the long run [4]. 

The most evident macro-financial factors that drive future credit risk are lower real income 
growth and exchange-rate depreciation. The growth coefficient lies between -0.014 and -0.018 across 
specifications, with the FX depreciation coefficient between 0.008 and 0.012, which, when 
compounded with time, is multiplied many times over the years.  The exchange-rate effect survives 
the test of the explicit correction of the depreciation series breaks, which confirms the argument that 
it is the manifestation of the actual macro-financial transmission via the balance-sheet and 
competitiveness channels, and not a measurement error. The real interest-rate channel works in the 
anticipated direction but is not as precisely predicted. The scenario simulations illustrate the practical 
implications of these relationships: in a combined adverse scenario calibrated at one standard 
deviation, the estimated ratio of non-performing loans increases from 6.54 percent to 9.02 percent at 
the five-year horizon, and in a severe combined scenario, it nearly doubles to 12.32 percent. Only the 
exchange-rate shock has a larger medium-run effect than the growth shock or the interest-rate shock, 
which underscores the international aspect of the banking-sector susceptibility in the region. 

The paper is a contribution to the international financial markets and institutions literature in 
the following ways.  It shifts the emphasis from average determinants of non-performing loans to 
the transmission of macroeconomic shocks in a dynamic cross-country environment, with persistence 
being explicitly modeled, not captured in residual structure. Further, it considers institutional quality 
as a conditioning aspect of the transmission process, which examines whether governance changes 
the pass-through of exchange-rate shocks to credit risk, rather than a country characteristic. It also 
expands the linear panel evidence with a threshold design and a scenario module that can convert 
econometric estimates into a form that can be directly read in the light of macro-financial surveillance. 

However, several limitations must be acknowledged. The cross-sectional dimension of the panel 
is small (N = 14), which constrains the precision of all estimates and particularly affects the 
identification of interaction effects involving slowly moving institutional variables. The baseline 
interaction between exchange-rate depreciation and institutional quality does not reach conventional 
significance, and the simple linear moderation of the FX channel is not conclusively determined in 
this sample. Such a finding should be weighed against the theoretical relevance of the institutional 
channel instead of being taken as evidence that governance is irrelevant to macro-financial 
transmission. The threshold test rejects the null of full linearity at the 5 percent level, but the regime-
specific coefficients do not conform to the simplest amplification narrative in which weak profitability 
mechanically magnifies every macroeconomic effect. The data suggest state dependence of a more 
complex kind, and the limited number of observations in the low-profitability regime (n = 32) means 
that the evidence should be viewed as informative but not conclusive. The annual frequency of the 
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data restricts the possibility of capturing within-year adjustment dynamics. The mixed unit-root 
evidence, with only 1 of 14 country-level ADF tests rejecting at the 10 percent level, indicates that the 
high persistence estimates are to be viewed with due caution as to the difference between slow 
adjustment and near-unit-root behavior. Dynamic-panel GMM, which might in principle address 
some of these concerns, does not perform well in the present configuration: System GMM fails 
because of a singular two-step weighting matrix, and a parsimonious Difference GMM fallback 
(reported in Appendix Table A1) yields a persistence coefficient of 1.005 with macro coefficients that 
lose precision, consistent with the small-N instability documented by Roodman [50]. 

These limitations indicate the natural directions of future research. At the bank-level, panels 
would enhance the cross-sectional aspect and allow identification of within-country heterogeneity in 
the response of individual institutions to macroeconomic stress. Incorporating foreign-currency 
lending shares directly into the estimation would allow a more precise test of the balance-sheet 
mechanism captured by the FX coefficient in reduced form. Higher-frequency data would help 
distinguish contemporaneous from lagged adjustment dynamics. Regime-switching models that 
allow the threshold to vary over time or across countries would provide a more flexible treatment of 
nonlinearity. On the institutional side, exploiting specific governance reforms as quasi-natural 
variation, rather than relying on broad composite indices with limited within-country movement, 
would offer a more credible identification strategy for the institutional moderation channel. 

For CESEE banking sectors, the broader implication is that macro-financial surveillance must 
consider exchange-rate pressure, output weakness, and balance-sheet persistence as interdependent, 
not independent risks. In a persistent credit-risk process, even moderate disturbances can accumulate 
into lasting impairment [52]. The policy focus should fall not only on shock prevention, but also on 
supervisory responsiveness, resolution capacity, and the institutional conditions that determine how 
quickly banking systems absorb or prolong stress. 

Declaration of generative AI and AI-assisted technologies in the manuscript preparation process: During the 
preparation of this manuscript, the authors used Grammarly for grammar, spelling, and punctuation checking. 
No generative AI tools were used to draft, analyze, or interpret any substantive content. The authors take full 
responsibility for the content of the publication. 

Data availability: The replication data and code supporting the findings of this study are openly available in the 
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Appendix 

Table A1. Diagnostic dynamic-panel GMM estimates. 

Regressor Coefficient Std. Error z-value p-value 
Lagged NPL (logit) 1.005 0.051 19.83 <0.001 
Real GDP per capita growth (lag) −0.0001 0.006 −0.02 0.984 
FX depreciation (lag) 0.003 0.002 1.48 0.138 

Notes: One-step Difference GMM (Arellano–Bond) estimated via the plm package in R with robust standard 
errors. The dependent variable is the logit-transformed non-performing loan ratio. Instruments for the lagged 
dependent variable: lags 2–3 of the logit NPL ratio. Panel dimensions: N = 14 countries, T = 16 years. Sargan 
test of over-identifying restrictions: p = 0.947; this high p-value is not interpreted as strong evidence of 
instrument validity because the two-step weighting matrix was singular and a generalised inverse was used. 
System GMM was attempted with the same regressor set but did not converge because the two-step weighting 
matrix was singular. Year fixed effects and the remaining banking-sector and institutional controls from 
Equation (1) are omitted to avoid further instrument proliferation in this small-N setting. The diagnostic is 
reported to document, rather than to challenge, the choice of the bias-corrected fixed-effects framework as the 
primary estimator. 
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