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Abstract 

This paper examines how bank capital conditions the effect of competition on credit risk in lending markets, 

informing the debate on banking competition, deregulation, and risk-based supervision. Using ECB 

supervisory data for 146 euro area banks across 19 countries over 2020Q2–2025Q3, we analyze whether this 

relationship depends on banks’ regulatory capital positions. We find that greater market power is associated 

with higher subsequent credit risk, while stronger capitalization is associated with lower risk. Crucially, 

competition reduces credit risk primarily for well-capitalized banks, whereas the effect is weak or absent for 

banks with lower capital ratios. By aligning the measurement of competition and risk with the pricing-based 

mechanism, the paper provides a direct empirical test of the borrower-risk channel and offers an explanation 

for mixed evidence in the competition–risk literature. The results highlight the importance of considering the 

interaction between competition and prudential capital requirements when assessing financial stability. 

JEL: G21, G28, L11, C23 
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Non-Technical Summary 

Bank competition is central to current policy debates on the structure, efficiency and resilience of the European 

banking sector. Greater competition may benefit borrowers through lower lending rates and improved access 

to credit, but it may also compress bank margins, weaken profitability and encourage excessive risk-taking. The 

relationship between competition and financial stability is therefore not straightforward: it depends on the risk 

channel considered and on the condition of the banks exposed to competitive pressure. 

This paper studies one specific mechanism in this debate: the borrower-risk channel. It refers to the idea that 

stronger competition lowers interest rates on new loans, improves borrowers’ repayment capacity, reduces 

their incentives to take excessive risk and the likelihood of later credit deterioration. However, this stabilising 

effect may not be the same for all banks. Better-capitalised banks may be better able to absorb margin 

compression and maintain prudent lending standards, while weakly capitalised banks may respond differently. 

The paper therefore asks whether the effect of competition on credit risk depends on bank capital. It uses 

confidential supervisory data from the European Central Bank (ECB) for 146 euro area banks in 19 countries, 

from the second quarter of 2020 to the third quarter of 2025, focusing on lending to non-financial corporations. 

Competition is measured using a risk-adjusted Lerner index, a standard measure of market power. It captures 

banks’ ability to set loan rates above costs, with higher values indicating weaker competition. Credit risk is 

measured using three indicators: the non-performing loan ratio, which measures the share of loans that are 

unlikely to be repaid or are significantly overdue; the Stage 3 ratio, which captures loans considered credit-

impaired under accounting rules; and the defaulted ratio, which captures loans classified as being in default 

under regulatory definitions. These closely related measures capture different aspects of credit deterioration. 

Bank capital is measured using regulatory capital ratios: the Common Equity Tier 1 (CET1) ratio, the Tier 1 capital 

ratio, and the total capital ratio. CET1 is the highest-quality form of capital, mainly common shares and retained 

earnings. Tier 1 capital includes CET1 and other instruments that can absorb losses while the bank remains a 

going concern. Total capital includes further instruments that can absorb losses in more severe situations. The 

paper also considers capital headroom, defined as capital above minimum supervisory requirements. 

The empirical analysis yields three main results. First, greater market power is associated with higher 

subsequent credit risk. Since a higher Lerner index indicates lower competitive pressure, this implies that 

stronger competition is generally associated with lower credit risk. This finding is consistent with the borrower-

risk channel. Second, stronger bank capital positions are associated with lower credit risk. Better-capitalised 

banks tend to display more prudent lending outcomes and lower subsequent loan impairment. Third, and most 
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importantly, capital conditions the effect of competition on risk. The risk-reducing effect of competition is 

stronger for better-capitalised banks, particularly when capital is measured using Tier 1 and total capital ratios. 

This interaction is central to the paper’s policy message. Competition has weak or absent effects for banks with 

relatively low capital ratios. For banks with stronger capital positions, competition is more clearly associated 

with lower subsequent credit risk. Put differently, capital not only reduces risk directly; it also shapes how banks 

respond to competitive pressure. A better-capitalised banking sector may therefore be better able to translate 

competition into safer lending outcomes. 

The results also hold when capital is measured as headroom above supervisory requirements. These measures 

show how far banks operate above regulatory thresholds, including the Overall Capital Requirement (OCR), the 

Total SREP Capital Requirement (TSCR), and OCR including Pillar 2 Guidance (P2G). The Supervisory Review 

and Evaluation Process (SREP) is the process through which supervisors assess banks’ risks and set additional 

capital requirements, while Pillar 2 Guidance refers to the extra capital banks are expected to hold beyond 

binding minimum requirements. Banks with greater capital headroom exhibit lower credit risk, and competition 

is more strongly associated with safer lending outcomes when banks hold larger supervisory buffers.  

The paper also contributes to measurement in the banking literature, where empirical measures often do not 

match the mechanism being tested. Many studies rely on broad concentration indicators or aggregate bank-

stability measures. This paper instead aligns measurement with the borrower-risk channel by measuring 

competition through pricing power in newly originated loans and risk through subsequent credit deterioration 

in the same lending segment. This tighter link may help explain the mixed findings in the literature. 

Several robustness checks support the results. The findings are not driven by the choice of instruments in the 

model, outliers, reverse causality, or the specific calibration of the risk-adjusted Lerner index. They also do not 

appear to be systematically explained by Covid-19, borrower-support measures or monetary policy tightening, 

although these tests are interpreted cautiously. Finally, extending the analysis back to 2014 using a simpler 

Lerner index gives similar coefficient signs, suggesting that the results are not specific to the post-2020 period. 

The policy implication is that competition and prudential conditions should not be assessed separately. 

Stronger competition can support financial stability through the borrower-risk channel, but mainly when banks 

are sufficiently resilient. A banking system with stronger capital positions may therefore be better able to 

combine competitive lending markets with prudent credit outcomes. The paper highlights the complementarity 

between competition policy, deregulation debates and risk-based supervision: the stability effects of bank 

competition depend not only on market structure, but also on the capital environment in which banks operate.  
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1. Introduction 

The relationship between bank competition and financial stability remains one of the central questions in 

banking research and policy. A long-standing debate contrasts the competition–fragility view, which argues that 

stronger competition erodes banks’ franchise value and encourages greater risk-taking, with the competition–

stability view, which emphasizes that lower lending rates can reduce borrower risk and thereby improve bank 

asset quality. More recent work has shown that the effect of competition on bank risk is likely to depend on the 

relative strength of these opposing channels rather than following a single uniform pattern. 

This paper focuses on one specific mechanism within that broader debate: the borrower-risk channel of 

competition. Following (Boyd and De Nicoló, 2005) the key idea is that stronger competition reduces lending 

rates on new loans, thereby lowering borrowers’ incentives to take excessive risk and reducing subsequent 

credit deterioration. Building on the framework of (Martinez-Miera and Repullo, 2010), we argue that bank 

capitalization is likely to play a conditioning role. Better-capitalized banks have greater loss-absorbing capacity 

and weaker incentives for risk-shifting, which may allow competitive pressure to translate more effectively into 

safer lending outcomes. By contrast, weakly capitalized banks may be more vulnerable to margin compression 

and less able to sustain lower-risk lending when competition intensifies. 

Against this background, the paper asks whether the risk-reducing effect of competition is stronger for better-

capitalized banks. To answer this question, we use supervisory bank-level data for 146 euro area banks from 19 

countries over the period 2020Q2 to 2025Q3. Credit risk is measured using three alternative indicators: the non-

performing loan ratio, the Stage 3 ratio, and the defaulted ratio. Competition is measured using a risk-adjusted 

Lerner index constructed from newly originated loans to non-financial corporations (NFCs), which aligns the 

empirical measure of competition closely with the pricing-based borrower-risk channel examined in the paper. 

Bank capitalization is captured both by standard regulatory capital ratios (CET1, Tier 1, and total capital) and by 

capital headroom above supervisory requirements, including OCR, TSCR, and OCR plus P2G. 

The empirical analysis yields three main findings. First, higher market power, as measured by the Lerner index, 

is generally associated with higher subsequent credit risk, implying that stronger competition tends to reduce 

credit risk. Second, higher bank capitalization is associated with lower credit risk. Third, and most importantly, 

the interaction between competition and capital is positive across specifications and statistically significant for 

Tier 1 and total capital measures, indicating that the risk-reducing effect of competition becomes stronger as 

capitalization rises. The marginal-effect analysis reinforces this interpretation: across all three risk measures, 

the effect of the Lerner index generally becomes larger at higher points of the capital distribution, especially for 

Tier 1 and total capital ratios. Additional results based on capital headroom above regulatory requirements 
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point in the same direction and suggest that distance from supervisory constraints also matters for how 

competition translates into lending risk. 

The paper makes three contributions. First, it provides a more targeted test of the borrower-risk channel. A 

central challenge in this literature is that empirical measures often do not match the mechanism being studied. 

This paper addresses that issue by isolating the borrower-risk channel and aligning the measurement of 

competition and risk accordingly. Competition is measured through pricing power on newly originated loans, 

which corresponds directly to the channel through which competition affects borrower incentives. Risk is then 

assessed using credit-risk indicators that capture subsequent loan deterioration rather than broad bank-level 

stability metrics driven by the institution’s overall profitability. This tighter mapping between theory and 

measurement enables a cleaner test of the borrower-risk channel than studies relying on broad structural 

concentration measures or aggregate stability indicators. Second, it provides new evidence from ECB 

supervisory data on the interaction between competition, capital, and credit risk at the bank level in the euro 

area. Third, it shows that capital should not be viewed only as a direct determinant of risk, but also as a 

conditioning factor that shapes how competitive pressure affects lending outcomes. In that sense, the paper 

speaks directly to the interaction between prudential conditions and competition in banking markets.  

The remainder of the paper is structured as follows. Section 2 reviews the relevant literature. Section 3 

describes the data, variables, and empirical strategy. Section 4 presents the main results, including the 

interaction effects and marginal-effect analysis. Section 5 reports robustness checks. Section 6 concludes. 

2. Literature review 

a. Competition and bank risk 

The relationship between bank competition and financial stability has long been debated in the banking 

literature. The traditional competition–fragility view argues that increased competition erodes banks’ market 

power and franchise value, thereby strengthening incentives for greater risk-taking. (Keeley, 1990) provides the 

seminal contribution, showing that declining charter values lead banks to assume higher risk, particularly in the 

presence of deposit insurance. Empirical evidence in this tradition is also provided by (de-Ramon, Francis and 

Straughan, 2018) whose results show that the relationship between competition and bank stability is inverse. 

In contrast, the competition–stability view emphasizes borrower behavior. (Boyd and De Nicoló, 2005) argue 

that increased competition lowers lending rates, which in turn reduces borrowers’ incentives to undertake risky 

projects. As borrower risk declines, banks’ credit risk also falls. This mechanism, commonly referred to as the 
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risk-shifting channel, implies that stronger competition may have a stabilizing effect on banks’ asset quality. 

Consistent with this view, (Shijaku and Gerti, 2017) finds that lower concentration, measured using HHI and CR 

indices, is associated with higher bank stability, as measured by the Z-score. 

To reconcile these opposing views, (Martinez-Miera and Repullo, 2010) develop a framework in which the effect 

of competition on bank risk is ambiguous. Their model highlights two countervailing mechanisms. On the one 

hand, the borrower-risk channel implies that competition reduces credit risk through lower lending rates. On 

the other hand, increased competition compresses bank margins and profitability, thereby weakening banks’ 

ability to absorb losses. This margin channel tends to increase bank risk. The net effect of competition therefore 

depends on the relative strength of these two mechanisms. 

Empirical evidence remains mixed, with some studies finding a stabilizing effect of competition and others 

documenting increased risk-taking, depending on the institutional setting, the outcome variable, and the way 

competition is measured. This is particularly important in banking, where broad structural measures of market 

concentration may not capture the same mechanism as pricing-based measures of competitive conduct. More 

generally, a likely reason why the empirical literature has produced mixed findings is that the measurement of 

both competition and risk often does not match the mechanism under study. Several papers interpret their 

evidence through the competition–stability or competition–fragility lens while relying on broad measures of 

bank stability or total bank risk. Yet these variables typically combine multiple balance-sheet and income-

statement dimensions and therefore do not isolate the specific transmission channel at issue. This is especially 

problematic when competition is measured using loan-market pricing power, such as the Lerner index, but risk 

is proxied by variables such as the z-score, which is built around ROA and therefore reflects earnings from the 

bank as a whole rather than risk in the relevant lending segment. Likewise, non-performing loans capture 

realized credit deterioration, but not the separate margin channel emphasized by (Martinez-Miera and Repullo, 

2010). 

In this paper, we focus specifically on the borrower-risk channel of competition. Rather than testing the full non-

linear implications of (Martinez-Miera and Repullo, 2010), we isolate the channel through which stronger 

competition lowers lending rates and thereby reduces subsequent credit risk. The central question is whether 

this channel operates more strongly when banks are better capitalized. 

b. Bank capital and risk-taking 

A large body of literature examines the role of bank capital in shaping risk-taking incentives and financial 

stability. In theoretical models of financial intermediation, capital serves as a mechanism to align incentives 
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and mitigate moral hazard. (Holmström and Tirole, 1997) show in an incentive-based model of financial 

intermediation that intermediary capital affects monitoring capacity and credit allocation, supporting the 

broader idea that stronger intermediary capitalization can mitigate moral hazard. In this sense, capital acts as 

“skin in the game” and reduces excessive risk-taking. 

Related contributions emphasize the interaction between capital regulation and market discipline. (Hellmann, 

Murdock, and Stiglitz, 2000) argue that financial liberalization, when combined with insufficient prudential 

requirements, can lead to excessive risk-taking because banks exploit deposit insurance and other safety nets. 

Adequate capitalization, by contrast, can restore more prudent behavior. Similarly, (Repullo, 2004) shows that 

capital regulation can constrain risk-shifting incentives, particularly in competitive environments where lower 

margins may otherwise encourage greater risk-taking. 

Empirically, a broad range of studies finds that better-capitalized banks exhibit lower risk and greater resilience, 

especially during periods of financial stress. Higher capital ratios are associated with improved loan quality, 

lower default rates, and greater stability. In addition, capital headroom above regulatory requirements provides 

an additional cushion against losses and may further strengthen banks’ resilience. (Berger and Bouwman, 

2013), for example, show that capital enhances banks’ ability to survive financial crises, while (Altunbas et al, 

2018) finds that better-capitalized banks take less risk. 

Overall, this literature suggests that bank capital plays a central role in disciplining risk-taking and strengthening 

stability. For the purposes of this paper, the key implication is not only that capital may directly reduce risk, but 

also that it may influence how banks respond to competitive pressure. Better-capitalized banks may be better 

able to absorb margin compression and sustain prudent lending standards, whereas weakly capitalized banks 

may be more vulnerable to competitive pressure and therefore less able to translate lower lending rates into 

safer credit outcomes. 

c. Competition, capital, and credit risk

While the effects of bank competition and capital on risk-taking have been widely studied in isolation, fewer 

contributions examine their interaction. (Vives, 2014) argues that competition policy and prudential regulation 

should be analyzed jointly, as they are complementary determinants of financial stability. 

Despite these contributions, more limited attention has been paid to how bank capital conditions specific 

transmission channels of competition. In particular, the borrower-risk channel highlighted by (Boyd and De 

Nicoló, 2005) has largely been studied independently of banks’ capital positions. Yet the logic of the broader 
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competition–risk literature suggests that capitalization may be crucial for determining whether this channel 

operates effectively. 

Building on (Martinez-Miera and Repullo, 2010), bank capital can be expected to affect the relative strength of 

the two opposing channels of competition. Greater capital headroom increases loss-absorbing capacity and 

reduce incentives for risk-shifting, thereby potentially strengthening the stabilizing borrower-risk channel. By 

contrast, poorly capitalized banks may be more sensitive to margin compression, as lower profitability weakens 

their ability to absorb losses and may induce riskier lending behavior. As a result, the net effect of competition 

on credit risk is likely to depend on bank capitalization. 

This paper contributes to the literature by examining how bank capital conditions the borrower-risk channel of 

competition. Specifically, it tests whether the risk-reducing effect of competition is stronger for better-

capitalized banks. To do so, it uses bank-level ECB supervisory data and a risk-adjusted Lerner index based on 

newly originated loans to non-financial corporations, thereby aligning the measurement of competition closely 

with the pricing-based mechanism under investigation. In this way, the paper provides new evidence on the 

interaction between competition, capital, and credit risk in euro area banking.  

3. Data and empirical approach 

a. Variables 

i.  Dependent Variables 

We measure bank-level credit risk using three alternative indicators: the non-performing loan (NPL) ratio, the 

Stage 3 ratio, and the defaulted ratio. All three measures are constructed for non-financial corporation (NFC) 

loan exposures. 

The NPL ratio captures the share of loans classified as non-performing and reflects the overall stock of impaired 

assets on banks’ balance sheets. The Stage 3 ratio, based on accounting standards, measures loans that have 

experienced a significant deterioration in credit quality and are classified as credit-impaired. The defaulted ratio 

provides a complementary measure of realized credit risk by capturing loans that have entered default. 

All three measures are constructed consistently using FINREP data for NFC exposures. Specifically, each ratio 

is defined as the gross carrying amount of the respective category—non-performing loans, Stage 3 exposures, 

or defaulted exposures—divided by the total gross carrying amount of loans and advances. While Stage 3 

exposures are generally classified as non-performing under the EBA framework, the two measures differ in 
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practice due to differences in recognition, timing, and supervisory classification. Within the NPL category, 

FINREP further distinguishes exposures that meet the regulatory definition of default under Article 178 of the 

Capital Requirements Regulation (CRR). The ‘defaulted’ category therefore represents a stricter subset of non-

performing exposures, capturing loans that have formally entered default according to supervisory criteria. 

Using multiple measures of credit risk allows us to assess whether the results are robust across different 

definitions of loan deterioration. While the NPL ratio reflects the stock of impaired loans, the Stage 3 and 

defaulted ratios provide additional information on the recognition and severity of credit deterioration. The 

choice of dependent variables reflects the fact that the paper is designed to isolate the borrower-risk channel 

rather than to measure total bank risk at the level of the institution as a whole. The NPL ratio, Stage 3 ratio, and 

defaulted ratio capture different manifestations of subsequent credit deterioration and therefore map closely 

into the asset-quality consequences of loan-market competition. By contrast, broader bank-stability indicators 

such as the z-score combine profitability, capitalization, and return volatility at the level of the entire bank. While 

such measures may be useful for assessing overall bank stability, they are less well suited to identifying the 

borrower-risk channel examined in this paper. 

NPL RATIO STAGE 3 RATIO DEFAULT RATIO 

   
Figure 1: NPL ratio (NPLr), Stage 3 ratio (S3R) and Default ratio (DEFr) evolution 

Figure 1 illustrates the evolution of the NPL ratio, the Stage 3 ratio, and the default ratio across banks, showing 

the 10th, 50th, and 90th percentiles over time. Overall, all three measures display a broadly similar downward 

trend, particularly in the upper tail of the distribution. The 90th percentile declines markedly over the sample 

period, indicating a substantial improvement in asset quality among the most risk-exposed banks. 
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The median values also decrease, albeit more gradually, while the lower tail remains relatively stable at low 

levels throughout the period. This suggests that the overall decline in credit risk is primarily driven by 

improvements among initially weaker banks rather than broad-based changes across the entire distribution. 

The three indicators track each other closely, reflecting the substantial overlap between non-performing 

exposures, Stage 3 classifications, and defaulted loans in practice. At the same time, some differences remain, 

particularly during periods of stress, which likely reflect differences in recognition, timing, and supervisory 

classification across the measures. 

ii. Explanatory Variables 

Competition Measure: Lerner Index 

To measure bank-level competition, we construct a risk-adjusted Lerner index that captures market power in 

loan pricing. The Lerner index measures the markup of lending rates over marginal cost and is defined as:  

𝐿𝑒𝑟𝑛𝑒𝑟𝑖,𝑡 =
𝑅𝑖,𝑡 − 𝑀𝐶𝑖,𝑡

𝑅𝑖,𝑡

 

Where 𝑅𝑖,𝑡  denotes the interest rate charged by bank 𝑖 on newly originated loans and  𝑀𝐶𝑖,𝑡  represents the 

marginal cost of supplying loans. 

A key challenge in constructing the Lerner index in banking is the measurement of marginal cost. In particular, 

failing to account for the risk premium embedded in loan pricing may lead to biased estimates of market power. 

To address this, we follow an approach in which marginal cost reflects both funding costs and expected credit 

losses, as in Martín et al. (2006). Specifically, marginal cost is defined as: 

𝑀𝐶𝑖,𝑡 =
𝑟𝑓 + 𝑃𝐷𝑖,𝑡 ∗ 𝐿𝐺𝐷

1 − 𝑃𝐷𝑖,𝑡 ∗ 𝐿𝐺𝐷
 

Where 𝑟𝑓 is the risk-free interest rate, 𝑃𝐷𝑖,𝑡  denotes the probability of default, and 𝐿𝐺𝐷 is the loss given default. 

In the empirical implementation, the risk-free rate is measured using the €STR (Euro Short-Term Rate), which 

provides a consistent benchmark for funding costs in the euro area. The probability of default is proxied by the 

NPE inflow ratio, thereby capturing newly emerging credit deterioration rather than the stock of impaired loans. 

Following standard Basel III practice, we assume a constant loss-given-default parameter of 45%. To avoid 

implausible or near-zero marginal-cost values, we impose a small positive floor of one basis point on the 

marginal-cost measure. 
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All variables used in the construction of the Lerner index are based on new lending to non-financial corporations 

(NFCs). This is important for the identification strategy of the paper. The borrower-risk channel, as developed 

by (Boyd and De Nicoló, 2005), operates through lending rates on new loans. Measuring competition through 

pricing behavior on newly originated NFC loans therefore aligns the empirical competition measure closely with 

the theoretical mechanism under investigation. 

This pricing-based Lerner measure is more suitable for our setting than structural competition measures such 

as the CR5 ratio or the Herfindahl-Hirschman Index (HHI) based on assets or total loans. Structural measures 

capture market structure rather than actual pricing conduct and are typically based on outstanding stocks 

rather than newly originated credit. By contrast, the Lerner index directly captures banks’ pricing power in the 

relevant lending segment. Under this interpretation, higher values of the Lerner index indicate greater market 

power and lower competitive pressure, while lower values correspond to more competitive environments. 

 

Figure 2: Evolution of the RWA-weighted Lerner Index 

Figure 2 shows the evolution of the RWA-weighted Lerner index over the sample period. By weighting banks by 

risk-weighted assets, the figure gives greater weight to institutions with larger prudential relevance and 

therefore provides an aggregate view of competitive conditions in the euro area banking sector covered by our 

sample. The marked decline in the Lerner index indicates a substantial increase in competitive pressure, with 

the sharpest decline occurring during the post-2021 tightening cycle. This suggests that rising interest rates may 

have intensified competition in NFC loan pricing, as banks adjusted lending rates in a changing monetary policy 

environment. The pattern is consistent with recent evidence suggesting that low or negative interest rate 
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environments are associated with weaker competition, while rising rates tend to strengthen competitive 

pressures (see e.g. Brunnermeier and Koby (2018), Altunbas et al. (2023) and Darracq Pariès et al. (2023)). 

Bank Capital 

Bank capitalization is measured using three standard regulatory capital ratios: the Common Equity Tier 1 (CET1) 

ratio, the Tier 1 ratio, and the Total capital ratio. These measures capture banks’ loss-absorbing capacity and 

regulatory capital strength. Higher capital ratios are expected to be associated with lower risk. To facilitate 

interpretation of the interaction term, capital is mean-centered before constructing the interaction with the 

Lerner index, see Figure 3. This implies that the coefficient on the Lerner index can be interpreted as the effect 

of market power at the average level of capitalization, rather than at a capital ratio of zero. 

CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

   

Figure 3: Evolution of main capital aggregates, showing the 10th, 50th and 90th percentile 

Figure 3 shows the evolution of key capital ratios—CET1, Tier 1, and total capital—across banks, again reporting 

the 10th, 50th, and 90th percentiles. All three measures display a clear upward trend over time, indicating a 

broad-based strengthening of bank capitalization across the sample period. 

The increase is observed across the entire distribution, with both the median and the lower tail rising steadily. 

This suggests that improvements in capital positions are not limited to a subset of banks but reflect a general 

build-up of capital headroom across the system. 

At the same time, the dispersion between the 10th and 90th percentiles remains sizeable, pointing to persistent 

heterogeneity in capitalization levels across institutions. The upper tail increases more strongly in the earlier 

0%

5%

10%

15%

20%

25%

30%

35%

2
0

1
4

Q
1

2
0

1
5

Q
1

2
0

1
6

Q
1

2
0

1
7

Q
1

2
0

1
8

Q
1

2
0

1
9

Q
1

2
0

2
0

Q
1

2
0

2
1

Q
1

2
0

2
2

Q
1

2
0

2
3

Q
1

2
0

2
4

Q
1

2
0

2
5

Q
1

p10

Median

p90

0%

5%

10%

15%

20%

25%

30%

35%

2
0

1
4

Q
1

2
0

1
5

Q
1

2
0

1
6

Q
1

2
0

1
7

Q
1

2
0

1
8

Q
1

2
0

1
9

Q
1

2
0

2
0

Q
1

2
0

2
1

Q
1

2
0

2
2

Q
1

2
0

2
3

Q
1

2
0

2
4

Q
1

2
0

2
5

Q
1

p10

Median

p90

0%

5%

10%

15%

20%

25%

30%

35%

2
0

1
4

Q
1

2
0

1
5

Q
1

2
0

1
6

Q
1

2
0

1
7

Q
1

2
0

1
8

Q
1

2
0

1
9

Q
1

2
0

2
0

Q
1

2
0

2
1

Q
1

2
0

2
2

Q
1

2
0

2
3

Q
1

2
0

2
4

Q
1

2
0

2
5

Q
1

p10

Median

p90

ECB Working Paper Series No 3285 12



part of the sample, while developments become more gradual in later years, consistent with a maturing post-

crisis adjustment process. 

In addition to these baseline measures, we construct capital headroom above regulatory requirements. 

Specifically, capital headroom is measured as the difference between actual capital ratios and minimum 

regulatory thresholds. For each capital measure, we consider three definitions of the relevant supervisory 

threshold: the Overall Capital Requirement (OCR), the Total SREP Capital Requirement (TSCR), and OCR 

including Pillar 2 Guidance (OCR + P2G). 

These headroom measures provide a more refined indicator of effective capitalization by capturing the extent 

to which banks operate above binding supervisory thresholds. They therefore allow us to assess whether the 

relationship between competition and credit risk depends not only on absolute capital levels, but also on banks’ 

distance from regulatory constraints. 

Interaction Term 

To examine whether the effect of competition on credit risk depends on bank capitalization, we include an 

interaction term between the Lerner index and each capital measure. This allows us to test whether the risk-

reducing effect of competition is stronger for better-capitalized banks, consistent with the borrower-risk 

channel discussed in Section 2. 

Control Variables 

We include a set of bank-specific control variables to account for differences in observable bank 

characteristics. Specifically, we control for bank size, measured as the logarithm of total assets, and 

profitability, measured as return on assets (ROA). 

We also include macroeconomic control variables to capture changes in the broader economic environment 

that may affect credit risk across banks. These variables are measured at the country level and are specific to 

each bank’s home country within the 19-country euro area sample. They include the unemployment rate, 

inflation, and GDP growth. 

b.  Data and Sample 

The analysis is based on supervisory bank-level data from the European Central Bank (ECB), combined with 

country-level macroeconomic indicators. The sample consists of 146 euro area banks from 19 countries 

observed quarterly over the period 2020Q2 to 2025Q3. The sample period starts in 2020Q2, which reflects the 
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availability of the supervisory flow data required for the empirical design. In particular, the information on NPE 

inflows and outflows and the corresponding Stage 3 flow variables becomes available only from that point 

onward, making earlier observation periods unsuitable for a consistent implementation of the analysis. The 

sample includes both large systemically important institutions and smaller, less complex banks, thereby 

providing substantial heterogeneity in bank characteristics. All institutions are classified as credit institutions 

under the ECB supervisory framework. 

Bank-level variables, including credit risk measures, capital ratios, and balance-sheet characteristics, are 

obtained from ECB supervisory data. Lending rates on newly originated loans are sourced from the ECB’s 

Individual MFI Interest Rate (IMIR) dataset and are used to construct the Lerner index. Macroeconomic 

variables, including unemployment, inflation, and GDP growth, are obtained from the ECB’s Statistical Data 

Warehouse (SDW) and merged with the bank-level data using country-specific quarterly series for each bank’s 

home country in the 19-country euro area sample. 

The analysis focuses on lending to non-financial corporations (NFCs), ensuring consistency between the 

measurement of competition and the lending segment relevant for the borrower-risk channel. This focus allows 

us to capture pricing behavior on newly originated corporate credit rather than conditions driven by legacy loan 

portfolios. 

We apply standard data filters. Banks with missing key variables are excluded, and all variables are winsorized 

at the 1st and 99th percentiles to limit the influence of outliers. In addition, banks must have sufficient time-

series observations to be included in the dynamic panel estimation. The final dataset is therefore an 

unbalanced panel of bank-quarter observations. 
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Table 1: Summary statistics 

VARIABLE N MEAN 
STD. 
DEV. 

MEDIAN MIN MAX 

CREDIT QUALITY 
    NPL ratio 2,396 0.068 0.094 0.040 0.000 0.655 
    Stage 3 ratio 2,022 0.067 0.094 0.038 0.001 0.627 
    Defaulted ratio 2,349 0.067 0.091 0.040 0 0.602 
MARKET POWER 
    Lerner index 2,401 0.476 0.413 0.387 -0.524 0.998 
CAPITAL HEADROOM – CET1 
    Capital headroom OCR 2,401 0.091 0.096 0.071 -0.027 0.972 
    Capital headroom TSCR 2,401 0.125 0.097 0.106 -0.002 1.022 
    Capital headroom OCR+P2G 2,401 0.083 0.092 0.064 -0.050 0.927 
CAPITAL HEADROOM – TIER 1 
    Capital headroom OCR 2,401 0.0841 0.1041 0.0644 -0.0368 1.2424 
    Capital headroom TSCR 2,401 0.118 0.1053 0.0986 -0.0118 1.2741 
    Capital headroom OCR+P2G 2,401 0.0753 0.0996 0.057 -0.0593 1.1824 
CAPITAL HEADROOM – TOTAL CAPITAL 
    Capital headroom OCR  2,401 0.083 0.102 0.065 -0.043 1.217 
    Capital headroom TSCR 2,401 0.117 0.103 0.098 -0.018 1.248 
    Capital headroom OCR+P2G  2,401 0.074 0.098 0.057 -0.066 1.159 
BANK-LEVEL CONTROLS 
    Log total assets 2,401 24.508 2.143 24.803 18.487 28.147 
    ROA 2,399 0.004 0.005 0.003 -0.022 0.021 
    CET1 Capital Ratio 2,401 0.236 0.753 0.162 0.006 18.08 
    Tier 1 Capital Ratio 2,401 0.344 0.754 0.139 0.006 18.08 
    Total Capital Ratio 2,401 0.266 0.758 0.158 0.000 18.08 
MACROECONOMIC VARIABLES 
    GDP growth 2,365 0.591 1.718 0.438 -6.499 11.620 
    Inflation 2,401 3.939 3.567 3.000 -2.200 21.367 
    Unemployment 2,292 7.198 3.342 6.533 2.899 19.399 

Notes: The table reports summary statistics for the full sample. NPL = non-performing loans; OCR = overall 
capital requirement; TSCR = total SREP capital requirement; P2G = Pillar 2 guidance; CET1 = common equity 
tier 1; ROA = return on assets. All ratios are expressed in decimal form. GDP growth and inflation are in 
percentage points. 

The summary statistics in Table 1 indicate substantial variation in credit risk, competition, and capitalization. 

The three credit-risk measures display similar average levels but considerable dispersion across banks and over 

time. The Lerner index also varies substantially, suggesting meaningful differences in pricing power and 

competitive conditions across institutions. Capital headroom is positive on average, indicating that banks 
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typically operate above their regulatory requirements, although the negative minimum values show that some 

institutions are close to, or below, the relevant thresholds. 

Since the dynamic panel estimates primarily exploit changes within banks over time, we also examine the 

within-bank variation in the principal variables. Appendix Table 1.b shows that approximately 86–87 percent of 

the total variation in the Lerner index occurs within banks over time. Capital ratios are considerably more 

persistent, with within-bank shares of approximately 4–6 percent. Importantly, the corresponding interaction 

terms exhibit substantially greater within-bank variation, with within shares of approximately 39–41 percent. 

Thus, changes in competition generate meaningful within-bank variation in the interaction between 

competition and capitalization, even though capital ratios themselves adjust relatively gradually. Overall, the 

observed variation provides a relevant empirical setting for examining how capitalization conditions the 

relationship between competition and credit risk. 

c. Empirical Strategy 

To examine the relationship between bank competition, capital, and credit risk, we estimate a dynamic panel-

data model that accounts for persistence in credit risk and potential endogeneity of key explanatory variables. 

Specifically, we employ the Arellano and Bond (Arellano and Bond, 1991) difference Generalized Method of 

Moments (GMM) estimator. 

A dynamic specification is appropriate because credit risk is highly persistent over time. The resolution of 

impaired loans is gradual, and changes in loan portfolio quality typically materialize only slowly. Ignoring this 

persistence may bias the estimated effects of competition and capital. At the same time, a dynamic model 

estimated using pooled OLS or standard fixed effects would be biased and inconsistent because the lagged 

dependent variable is correlated with the error term in the presence of fixed effects, giving rise to the well-known 

Nickell bias (Nickell, 1981), especially in panels with a relatively short time dimension. 

A two-step difference GMM estimator is well suited to this setting because it allows us to model persistence 

while using internal instruments to address endogeneity concerns. In our application, these concerns are 

particularly relevant for the Lerner index, bank capitalization, and bank-level controls, all of which may respond 

to changes in bank risk. 

For the two-step difference-GMM estimates, we report Windmeijer finite-sample-corrected robust standard 

errors. The underlying moment covariance matrix is constructed at the bank-panel level, thereby allowing for 

heteroskedasticity and dependence over time within banks, while maintaining independence across banks. As 
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a robustness exercise, we relax the latter assumption using country-level wild cluster score-bootstrap 

inference. 

To mitigate concerns related to instrument proliferation and overfitting of endogenous variables, the instrument 

matrix is collapsed. This reduces the number of instruments while preserving the moment conditions 

underlying the difference GMM estimator. In all specifications, the number of instruments remains well below 

the number of cross-sectional units. 

d. Model Specification 

Our baseline empirical model is specified as follows: 

𝐶𝑟𝑒𝑑𝑖𝑡𝑅𝑖𝑠𝑘𝑖,𝑐,𝑡 = 𝛼𝐶𝑟𝑒𝑑𝑖𝑡𝑅𝑖𝑠𝑘𝑖,𝑐,𝑡−1 + 𝛽1𝐶𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑖,𝑐,𝑡−2 + 𝛽2𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖,𝑐,𝑡−2

+ 𝛽3(𝐶𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑖,𝑐,𝑡−2 ∗ 𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖,𝑐,𝑡−2) + 𝛾′𝑥𝑖,𝑐,𝑡−2 + 𝜃′𝑀𝑐,𝑡−2 + 𝛿𝑡 + 𝜇𝑖 + 𝜀𝑖,𝑡  

Where 𝑖 indexes banks, 𝑡 denotes time and 𝑐 countries. 

▪ 𝐶𝑟𝑒𝑑𝑖𝑡𝑅𝑖𝑠𝑘𝑖,𝑐,𝑡  is the bank-level measure of credit risk 
▪ 𝐶𝑜𝑚𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑖,𝑐,𝑡−2 is the Lerner index 
▪ 𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑖,𝑐,𝑡−2 denotes bank-level capitalization 
▪ 𝑥𝑖,𝑡−2 is a vector of bank-specific control variables  
▪ 𝑀𝑐,𝑡−2 is a vector of country-specific macro controls 
▪ 𝛿𝑡 represents time fixed effects 
▪ 𝜇𝑖  represents bank fixed effects 
▪ 𝜀𝑖,𝑡  is the idiosyncratic error term 

All explanatory variables are lagged by two periods, corresponding to six months. This lag structure helps 

mitigate simultaneity concerns and imposes a clear temporal ordering between explanatory variables and 

subsequent credit risk outcomes. 

The inclusion of the lagged dependent variable captures persistence in credit risk. The interaction term between 

competition and capital allows us to test whether the effect of competition on credit risk depends on the level 

of capitalization. 

e. Identification Strategy and Endogeneity 

A central challenge in estimating the relationship between competition, capital, and credit risk is the potential 

endogeneity of the main explanatory variables. 

First, reverse causality may arise if banks with higher credit risk adjust their pricing behavior or capital positions. 

For example, riskier banks may increase loan margins to compensate for expected losses, thereby affecting the 
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measured degree of market power. Likewise, capital ratios may respond to changes in risk. To mitigate these 

concerns, the analysis relies on three complementary features of the empirical design. First, the competition 

measure is based on newly originated loans, ensuring that pricing decisions precede the realization of 

subsequent credit risk. Second, all explanatory variables are lagged by two periods, reducing contemporaneous 

feedback effects. Third, remaining endogeneity concerns are addressed through the difference GMM estimator, 

which uses internal instruments. 

Second, omitted variable bias may arise if unobserved bank characteristics jointly influence competition, 

capitalization, and risk-taking. This concern is mitigated by including bank fixed effects, which absorb time-

invariant heterogeneity across banks, and time fixed effects, which capture common macroeconomic, 

financial, and regulatory shocks. 

In the baseline specification, the lagged dependent variable is treated as endogenous and instrumented using 

its own lagged levels. The Lerner index, capital ratios, the interaction term, and bank-specific controls are also 

treated as endogenous, reflecting the possibility that these variables respond to changes in bank risk. Given the 

lag structure of the model, these variables are instrumented using lagged levels from periods 𝑡 − 3 to 𝑡 − 5. This 

choice ensures that the instruments are sufficiently distant from the contemporaneous error term under the 

usual moment conditions of the difference GMM estimator. 

Macroeconomic control variables are treated as exogenous, as they are country-specific variables measured 

at the level of each bank’s home country and are unlikely to be affected by individual bank-level risk. To avoid 

instrument proliferation, the number of instruments is restricted through a collapsed instrument matrix. The 

validity of the specification is assessed using the Hansen test of overidentifying restrictions and the Arellano-

Bond tests for first- and second-order serial correlation in the differenced residuals. Because the Hansen and 

Arellano–Bond tests assess instrument validity and residual serial correlation rather than instrument relevance, 

we supplement these tests with auxiliary first-stage diagnostics. Appendix Table 2.b reports partial R² measures 

and bank-clustered Wald-F statistics for the joint relevance of the excluded GMM instruments, together with 

conditional tests of each endogenous regressor’s own lag block. 
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4. Results 

a. Correlations 

 

Figure 4: correlation matrix 

Figure 4 reports pairwise correlations between the main variables used in the analysis. The three credit-risk 

measures are highly correlated, indicating that they capture closely related dimensions of bank asset quality. 

This supports their use as alternative dependent variables across specifications rather than as jointly included 

outcomes. 

The regulatory capital measures are also highly correlated with one another, reflecting their common 

construction within the prudential framework. For this reason, the empirical analysis considers them in 

separate specifications. By contrast, the simple pairwise correlations between the Lerner index and the credit-

risk measures are relatively small in magnitude, suggesting that the raw data alone provide limited guidance on 

the underlying relationship between competition and credit risk. 

Among the control variables, larger and more profitable banks tend to exhibit lower credit risk, while 

unemployment is positively associated with credit risk. Overall, the correlation matrix is broadly consistent with 

prior expectations and mainly serves to motivate the multivariate analysis that follows. 
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b. Regression results 
Table 2: Regression results 

 
CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

𝑅𝑖𝑠𝑘𝑡−1 0.565*** 0.566*** 0.574*** 0.623*** 0.622*** 0.645*** 0.672*** 0.676*** 0.693*** 

𝐿𝑒𝑟𝑛𝑒𝑟𝑡−2 0.005 0.004 0.008* 0.008** 0.008** 0.01*** 0.006 0.005* 0.007* 

𝐼𝑛𝑡. 𝑇𝑒𝑟𝑚 0.066 0.048 0.074 0.166** 0.159*** 0.176*** 0.134** 0.112* 0.138* 

BANK CONTROLS: 

𝐿𝑛(𝑇𝐴)𝑡−2 -0.01 -0.035 -0.023 -0.025 -0.041 -0.041 -0.044 -0.062 -0.061 

𝑅𝑂𝐴𝑡−2 0.375 0.240 0.278 0.382 0.317 0.277 0.248 0.171 0.144 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑡−2 -0.434** -0.419** -0.447** -0.266 -0.276 -0.282 -0.181 -0.167 -0.189 

MACRO CONTROLS: 

𝐺𝐷𝑃𝑡−2 
-2.94e-

05 
8.23e-06 

-2.49e-
04 

1.16e-04 1.08e-04 
-8.56e-

05 
2.58e-04 2.53e-04 1.04e-04 

𝐻𝐼𝐶𝑃𝑡−2 
-3.49e-

05 
-4.21e-

05 
5.64e-05 

-9.99e-
05 

-6.52e-
05 

-6.43e-
05 

-1.06e-
04 

-6.69e-
05 

-5.98e-
05 

𝑈𝑁𝑅𝑡−2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 3.43e-04 

Time Dummies Yes Yes Yes 

Bank FE Yes Yes Yes 

N 1,912 1,607 1,874 1,912 1,607 1,874 1,912 1,607 1,874 

Banks 119 101 117 119 101 117 119 101 117 

Instruments 40 40 40 

Hansen p-
value 0.109 0.260 0.185 0.225 0.432 0.359 0.251 0.547 0.384 
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CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

AR(1) p-value 0.043 0.096 0.061 0.080 0.108 0.076 0.100 0.111 0.090 

AR(2) p-value 0.299 0.333 0.314 0.310 0.341 0.324 0.317 0.338 0.323 

Notes: The table reports two-step difference-GMM estimates. Statistical significance is based on Windmeijer 
(2005) finite-sample-corrected robust standard errors constructed at the bank-panel level. ***, **, and * denote 
significance at the 1%, 5%, and 10% levels, respectively. Auxiliary first-stage instrument-relevance diagnostics 
are reported in Appendix Table 2.b. 

Regulatory capital 

Table 2 reports the baseline dynamic difference GMM estimates for the three credit-risk measures using the 

regulatory capital ratios. Across all specifications, the lagged dependent variable is positive and highly 

statistically significant, confirming the strong persistence of credit risk and supporting the use of a dynamic 

empirical specification. 

Turning to the main explanatory variables, the Lerner index enters positively in all specifications and is 

statistically significant in most cases. Since the Lerner index is an inverse measure of competition, this implies 

that greater competition is generally associated with lower subsequent credit risk. This finding is consistent 

with the borrower-risk channel emphasized in the theoretical literature. 

The direct effect of capitalization is also broadly consistent across specifications. All three capital ratios enter 

with negative coefficients, indicating that better-capitalized banks tend to exhibit lower credit risk. Statistical 

significance is strongest for the CET1 ratio, but the sign pattern is uniform across CET1, Tier 1, and total capital, 

suggesting that stronger capitalization is generally associated with more prudent lending outcomes.  

The interaction terms provide the central result of the analysis. The interaction between the Lerner index and 

bank capital is positive and statistically significant for Tier 1 and total capital, and positive but statistically 

insignificant for CET1. Given that lower values of the Lerner index correspond to stronger competition, these 

results imply that the risk-reducing effect of competition becomes stronger as capitalization increases. 

 

 

ECB Working Paper Series No 3285 21



Table 3: Marginal effect of Lerner on credit risk at selected points of the capital distribution 

RISK METRIC CAPITAL MEASURE P10 P50 P90 

NPL ratio 
CET1R 0.0002 0.0029 0.0094 

T1R −0.0043 0.0028 0.0193** 

TCR -0.0047 0.0015 0.0143* 

Stage 3 ratio 
CET1R 0.0009 0.0028 0.0075 

T1R -0.0036 0.0033 0.0193*** 

TCR -0.0031 0.0022 0.0131** 

Default ratio 
CET1R 0.0025 0.0055* 0.0128 

T1R -0.0032 0.0043 0.0218*** 

TCR -0.0038 0.0026 0.0157** 

Notes: Entries report the marginal effect of the Lerner index evaluated at the 10th, 50th, and 90th percentiles of 
the respective capital-ratio distribution. A larger marginal effect indicates that the risk-reducing effect of 
competition is stronger at higher levels of capitalization. Standard errors for the marginal effects are computed 
using the delta method based on the estimated variance-covariance matrix. Full results, including delta-
method standard errors and 95% confidence intervals, are reported in Appendix Table 3.b. * p < 0.10, ** p < 0.05, 
*** p < 0.01. 

To illustrate the economic meaning of the interaction terms, Table 3 reports the marginal effect of the Lerner 

index evaluated at the 10th, 50th, and 90th percentiles of the capital distribution. Across all three risk measures, 

the marginal effect generally increases with capitalization. The pattern is especially clear for Tier 1 and total 

capital ratios: at low capitalization levels, the marginal effect is close to zero or negative, whereas at the upper 

end of the capital distribution it becomes positive and statistically significant. For CET1, the same qualitative 

pattern is present, although the estimates are less precisely determined. 

To assess economic magnitude, we consider a decrease in the Lerner index equal to one within-bank standard 

deviation. At the 90th percentile of the Tier 1 distribution, this increase in competition is associated with 

reductions of approximately 77 basis points in both the NPL and Stage 3 ratios and 87 basis points in the default 

ratio. These estimates correspond to approximately 0.30, 0.28, and 0.33 within-bank standard deviations of the 

respective credit-risk measures. In the total-capital specifications, the corresponding reductions range from 

approximately 52 to 63 basis points, equivalent to approximately 0.19–0.24 within-bank standard deviations. 

The estimated effects are considerably smaller and generally statistically insignificant at lower levels of 

capitalization. 

Overall, the results suggest that bank capital plays an important conditioning role in the relationship between 

competition and credit risk. Competition is generally associated with lower credit risk, but this effect is 

materially stronger for better-capitalized banks. This interpretation is consistent with the view that stronger 
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capital positions improve banks’ ability to translate competitive pressure into safer lending outcomes. Full 

marginal-effect calculations, including delta-method standard errors and confidence intervals, are reported in 

Appendix Table 3b. 

Capital headroom 

To further assess the role of bank capitalization, we re-estimate the baseline model using capital headroom 

defined as surplus capital relative to regulatory requirements. Specifically, we consider capital headroom over 

the Overall Capital Requirement (OCR), the Total SREP Capital Requirement (TSCR), and OCR including Pillar 2 

Guidance (OCR + P2G). These specifications allow us to examine whether the relationship between 

competition and credit risk depends not only on absolute capital ratios, but also on banks’ distance from 

binding supervisory constraints. 

The results, reported in Appendix Tables 5–7, broadly confirm the baseline findings while sharpening their 

prudential interpretation. Across the capital headroom specifications, the direct effect of bank management 

buffers (i.e. capital headroom) is generally negative and often statistically significant, indicating that banks 

operating further above regulatory minimum requirements tend to exhibit lower credit risk. Relative to the 

baseline ratio specifications, these management buffer measures deliver a more stable and more precisely 

estimated direct capital effect, suggesting that distance from supervisory constraints is an economically 

relevant determinant of bank risk. 

The interaction results provide further support for the central mechanism of the paper. Across the capital 

headroom specifications, the interaction between the Lerner index and capital headroom remains positive, 

implying that the risk-reducing effect of competition becomes stronger as banks hold larger management 

buffers. The evidence is strongest for Tier 1 and total capital headroom, for which the interaction terms are 

positive and statistically significant across the main specifications. For CET1 buffers, the interaction terms are 

also positive, but estimated less precisely. This pattern closely mirrors the baseline results based on regulatory 

capital ratios. 

The Tier 1 and total capital headroom results, reported in Appendix Tables 5 and 6, are particularly informative. 

In both cases, the interaction terms suggest that stronger competitive pressure translates more effectively into 

lower credit risk when banks hold larger management buffers above their supervisory requirements. By 

contrast, the direct effect of these buffer measures is estimated less precisely in some specifications, 

indicating that their primary role may lie less in reducing risk mechanically and more in conditioning how banks 

respond to competitive pressure. 
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Overall, the capital headroom specifications reinforce the main conclusion of the paper. Bank capital matters 

not only because better-capitalized banks tend to be less risky, but also because stronger capital positions 

improve banks’ ability to translate competition into safer lending outcomes. Put differently, the competition–

risk relationship depends not only on capital ratios themselves, but also on how far banks operate above the 

relevant regulatory and supervisory thresholds. 

Model diagnostics 

To assess the validity of the empirical specification, we rely on standard diagnostic tests associated with the 

difference GMM estimator. 

First, the Hansen test of overidentifying restrictions does not reject the null hypothesis of instrument validity 

across the reported specifications. In addition, the number of instruments remains below the number of cross-

sectional units, which helps limit concerns about instrument proliferation and overfitting. 

Second, we examine the Arellano-Bond tests for serial correlation in the differenced residuals. As expected in 

first-differenced models, the AR(1) test generally indicates the presence of first-order serial correlation, 

although statistical significance varies somewhat across specifications. Importantly, the AR(2) test consistently 

fails to reject the null hypothesis of no second-order serial correlation, which supports the validity of the 

moment conditions underlying the estimator. 

Appendix Table 2.b reports auxiliary first-stage relevance diagnostics for the internal GMM instruments. For the 

Lerner index, the joint Wald-F statistics for the excluded instrument set range from approximately 32 to 37, with 

partial R² measures of approximately 0.24–0.26. The corresponding joint Wald-F statistics range from 

approximately 8 to 9 for CET1, 31 to 33 for Tier 1, and 42 to 50 for total capital. For the interaction terms, the 

conditional Wald-F statistics for each term’s own lag block range from approximately 20 to 21 in the Tier 1 

specifications and from 14 to 15 in the total-capital specifications, compared with approximately 1.6–1.7 for 

the CET1 interaction. Instrument relevance is more modest for the lagged dependent variable, with joint Wald-

F statistics of approximately 3.6–5.2 and partial R² measures of approximately 0.06–0.08. Overall, the 

diagnostics indicate that the instruments are more informative for the Lerner index and the Tier 1 and total-

capital terms than for the CET1 interaction and the dynamic component. As these are auxiliary relevance 

diagnostics rather than standard weak-instrument tests, they should be interpreted comparatively rather than 

against conventional critical values. 

Taken together, the diagnostic results are broadly supportive of the empirical specification and suggest that the 

main estimates are not driven by obvious misspecification of the instrument set or residual serial correlation. 
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Overall, the results indicate that competition is associated with lower credit risk, and that this effect becomes 

stronger as banks are better capitalized. The next section examines the robustness of these findings. 

5. Robustness 

We perform a series of robustness checks to assess whether the main results depend on the instrument 

specification, potential reverse causality, the treatment of outliers, or the construction of the competition 

measure. 

a. Alternative GMM specifications 

As a first robustness check, we assess the sensitivity of the results to alternative choices of instrument lag 

structures in the GMM estimation. Specifically, we re-estimate the baseline model using a range of lag 

specifications for both the lagged dependent variable and the endogenous regressors, varying both the starting 

lag and the depth of the instrument set. 

Across these specifications, the estimated coefficients remain stable in sign and broadly stable in magnitude. 

In particular, the coefficient on the Lerner index remains positive, the capital measures remain negative, and 

the interaction term between competition and capital remains positive. Although the statistical significance of 

some coefficients varies across specifications, this is not unexpected in a GMM framework, where changes in 

the instrument set affect both instrument strength and estimation precision. 

Overall, the results indicate that the main conclusions are not driven by a particular choice of instrument lag 

structure. 

b. Reverse causality – Lead Placebo 

To further assess the potential for reverse causality, we implement a lead placebo test within the dynamic 

difference-GMM framework. Specifically, we augment the baseline specification by including one- and two-

period leads of the Lerner index as additional regressors, while maintaining the original lag structure in which 

the main explanatory variables enter at 𝑡 − 2. 

In this placebo setting, we exclude the interaction term between Lerner and capital, as a forward-looking 

interaction involving future market power does not have a meaningful economic interpretation in this context. 

Consistent with the baseline approach, the Lerner index, capital ratios, and bank-specific controls are treated 

as endogenous and instrumented using lagged values within the difference-GMM framework. Diagnostic tests 
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remain broadly supportive, with Hansen tests generally failing to reject instrument validity and no evidence of 

second-order serial correlation. 

If the baseline results were driven by reverse causality, current bank risk should help predict future values of 

market power, implying significant coefficients on the lead terms. However, across all specifications, the lead 

Lerner variables are consistently insignificant and display no stable sign pattern. Although the inclusion of lead 

terms reduces the precision of the baseline estimates, the coefficients on lagged Lerner and capital retain their 

original signs and remain similar in magnitude. 

Taken together, the placebo results provide no evidence of systematic reverse causality and support the 

temporal ordering underlying the baseline specification. 

c. Sensitivity to outliers 

As an additional robustness check, we re-estimate the baseline specification using a more conservative 

winsorization threshold of the 5th and 95th percentiles for all variables. We also consider a specification in 

which only the Lerner index is winsorized at the 5th and 95th percentiles, while all other variables are treated as 

in the baseline. 

Across these specifications, the estimated coefficients remain very similar in both magnitude and statistical 

significance. This indicates that the main findings are not driven by extreme observations. In particular, the 

stability of the Lerner coefficient suggests that the estimated relationship between pricing power and credit risk 

is not an artefact of outliers in the competition measure. 

d. Alternative Lerner constructions 

As a further robustness check, we assess whether the results depend on the specific construction of the Lerner 

index. First, we replace the baseline risk-adjusted Lerner with a raw loan Lerner that abstracts from the PD and 

LGD adjustments. The estimated coefficients retain the same signs as in the baseline specification, although 

they are generally estimated less precisely. This suggests that the main findings are qualitatively robust while 

supporting the risk-adjusted Lerner as the preferred measure of market power. This construction also allows us 

to extend the sample period back to 2014Q2.  

Second, we vary the LGD assumption used in the baseline Lerner construction from 45% to 40% and 50%. The 

results remain unchanged in sign, magnitude, and statistical significance, indicating that the findings are not 

sensitive to the particular LGD calibration used in the expected-loss component of the Lerner index. 
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A related concern is that the risk-adjusted Lerner may embed credit-risk information through the PD 

adjustment. This concern is mitigated by the empirical design, since all explanatory variables, including the 

Lerner index, enter the regressions with a two-quarter lag and therefore precede the realization of the credit-

risk outcomes. Moreover, to the extent that a higher PD mechanically lowers the Lerner index while also 

predicting future credit deterioration, such overlap would bias the estimated coefficient downward rather than 

generate the positive association documented in the baseline results. 

Overall, these checks suggest that the main conclusions are not driven by a specific parameterization of the 

competition measure, but instead reflect a stable relationship between competition, capital, and credit risk.  

e. Sensitivity to macro-financial conditions 

To assess whether our results are driven by the specific macroeconomic conditions over the sample period, we 

examine the role of the Covid-19 episode and the subsequent monetary policy tightening. These periods may 

have influenced both banks’ pricing behavior and observed credit risk through borrower-support measures and 

shifts in the interest rate environment. 

We address this by augmenting the baseline specification with interaction terms that allow the effect of 

competition and its interaction with capital to vary across regimes. This approach preserves the full sample 

while directly testing for regime dependence. 

The results, reported in Appendix Table 8, provide no evidence of systematic regime-driven effects. The 

additional interaction terms are small and statistically insignificant across all specifications. Although the 

inclusion of higher-order interactions reduces statistical precision, leading to a general loss of significance, the 

key coefficients retain their signs in all specifications. 

Importantly, this lack of regime dependence is consistent with the evidence from the extended-sample 

specification discussed in Section d. When the Lerner index is constructed without the PD and LGD 

adjustments, the sample can be extended back to 2014, covering a substantially different macro-financial 

environment. Despite this change, all main coefficients retain their signs. This suggests that the results are not 

driven by the specific post-2020 sample period, but instead reflect a more stable underlying relationship. 

The augmented specification should be interpreted with some caution. In addition to reducing statistical 

precision, the inclusion of higher-order interaction terms also weakens some of the standard GMM diagnostic 

tests, including the Hansen test and the Arellano-Bond serial-correlation tests. We therefore treat this exercise 

as a diagnostic sensitivity check rather than as an alternative baseline specification. 
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Overall, the combined evidence indicates that the capital-conditioning mechanism underlying the borrower-

risk channel is robust to both alternative sample periods and changes in the interest rate environment, and is 

therefore unlikely to be an artefact of the Covid-19 episode or the subsequent monetary policy tightening. 

f. Robustness to country-level dependence 

As a final robustness exercise, we examine whether the baseline inference is sensitive to residual dependence 

across banks operating in the same country. Although the baseline Windmeijer-corrected covariance estimator 

allows for heteroskedasticity and dependence over time within banks, it does not necessarily account for 

common country-level shocks affecting multiple banks simultaneously. We therefore implement a null-

imposed, studentized country-level wild cluster score bootstrap based on recentered GMM moment 

contributions, using 9,999 Webb six-point draws across 19 country clusters. 

Table 4 Country-level wild score-bootstrap inference 

RISK METRIC CAPITAL MEASURE INTERACTION COEFFICIENT BASELINE P-VALUE COUNTRY WILD SCORE P-VALUE 

NPL ratio 
CET1R 0.067 0.189 0.267 

T1R 0.162 0.015 0.086 

TCR 0.133 0.067 0.090 

Stage 3 ratio 
CET1R 0.048 0.457 0.337 

T1R 0.158 0.004 0.070 

TCR 0.113 0.066 0.088 

Default ratio 
CET1R 0.075 0.206 0.139 

T1R 0.172 0.007 0.027 

TCR 0.137 0.090 0.026 

Notes: The table reports the coefficient on the interaction between the Lerner index and the respective capital 
measure. Baseline p-values are based on the Windmeijer-corrected two-step GMM covariance estimator. 
Country-level p-values are obtained from a null-imposed, studentized wild cluster score bootstrap based on 
recentered country-level GMM moment contributions, using 9,999 Webb six-point draws and 19 country 
clusters. All remaining model components are identical to the corresponding specifications in Table 2. Full 
coefficient results are reported in Appendix Table 4.a. 

Table 4 focuses on the interaction coefficients, which constitute the parameters directly associated with the 

paper’s central conditioning hypothesis. Country-level inference generally reduces statistical precision. 

Nevertheless, the interaction coefficients remain positive in all nine specifications. The Tier 1 and total-capital 

interactions remain significant at the 10 percent level across all three credit-risk outcomes and at the 5 percent 

level in the default-ratio specifications. The CET1 interactions remain statistically insignificant. 
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The direct Lerner and capital coefficients retain their uniformly positive and negative signs, respectively, 

although their statistical precision is generally weaker under country-level inference; full results are reported in 

Appendix Table 4.a. Overall, the country-level analysis supports the qualitative conditioning pattern found in 

the baseline results, while indicating that the statistical evidence is strongest for Tier 1 and total capital and 

should be interpreted more cautiously for the NPL and Stage 3 outcomes. 

6. Conclusions 

This paper examines how bank capital conditions the borrower-risk channel of competition in lending markets. 

Using ECB supervisory data for euro area banks over the period 2020Q2–2025Q3, it studies whether the 

relationship between competition and credit risk depends on banks’ capital positions. To this end, the paper 

constructs a risk-adjusted Lerner index based on newly originated loans to non-financial corporations and 

relates it to three measures of subsequent credit deterioration: the NPL ratio, the Stage 3 ratio, and the default 

ratio. 

Three main findings emerge. First, higher market power is associated with higher credit risk, implying that 

stronger competition tends to be associated with safer lending outcomes. This result is consistent with the 

borrower-risk channel emphasized by Boyd and De Nicoló (2005). Second, bank capitalization is generally 

negatively related to credit risk, indicating that better-capitalized banks tend to experience less subsequent 

credit deterioration. Third, and most importantly, the risk-reducing effect of competition is stronger for better-

capitalized banks. This interaction is most robust when capitalization is measured using Tier 1 and total capital 

ratios, and the marginal-effect analysis shows that the association between competition and lower credit risk 

becomes stronger at higher points of the capital distribution. 

These conditioning effects are also economically meaningful. At the 90th percentile of the Tier 1 distribution, a 

one-within-bank-standard-deviation increase in competition is associated with reductions of approximately 77 

basis points in both the NPL and Stage 3 ratios and 87 basis points in the default ratio. Across the Tier 1 and 

total-capital specifications, the corresponding effects amount to approximately 0.19–0.33 within-bank 

standard deviations of credit risk. The CET1 estimates are directionally similar but less precisely estimated. 

The results based on capital headroom reinforce this conclusion. Banks operating with greater headroom above 

supervisory thresholds tend to exhibit lower credit risk, and in the Tier 1 and total-capital specifications, 

competition becomes more strongly associated with safer lending outcomes as this headroom increases. This 

suggests that not only the absolute level of capital but also banks’ distance from binding supervisory 
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constraints may matter. Capitalization and competition should therefore not be viewed as entirely separate 

determinants of risk, but as complementary forces that jointly shape lending outcomes.  

More broadly, the paper highlights an important measurement issue in the competition–risk literature. One 

reason why the empirical evidence remains mixed may be that the measures of competition and risk are not 

always closely aligned with the mechanism under study. In contrast, this paper seeks to identify the borrower-

risk channel more directly by measuring competition through pricing power in newly originated corporate 

lending and risk through subsequent credit deterioration rather than broad bank-level stability metrics. This 

closer mapping between theory and measurement allows the analysis to speak more directly to a specific 

channel of the competition–risk relationship. 

These findings carry an important policy implication. If the risk-reducing effects of competition depend on the 

strength of bank balance sheets, prudential conditions and competition in banking markets may be more 

closely linked than is often assumed. A banking system with stronger capital positions may be better able to 

translate competitive pressure into lower borrower risk, whereas weakly capitalized banks may be less able to 

do so. The implications of competition for financial stability therefore depend not only on market conditions but 

also on the regulatory and capital environment in which banks operate. 

At the same time, the results should be interpreted in light of the paper’s scope and empirical design. The 

analysis focuses on the borrower-risk channel rather than testing the full non-linear competition–risk 

framework of Martinez-Miera and Repullo (2010). The sample period is partly determined by data availability, as 

the supervisory information on NPE inflows and outflows and related Stage 3 flow variables required for the 

empirical design becomes consistently available only from 2020Q2 onward. Moreover, although the dynamic 

difference-GMM specifications and internal instruments mitigate concerns about simultaneity and unobserved 

bank heterogeneity, they cannot fully eliminate the possibility of residual endogeneity. The estimates should 

therefore be interpreted as evidence of robust conditional relationships rather than as structural causal effects. 

The findings are also specific to the institutional and macro-financial environment covered by the sample. 

Overall, the paper shows that the relationship between competition and bank credit risk cannot be fully 

understood without taking capitalization into account. Competition is generally associated with lower 

subsequent credit risk, but this association is stronger for better-capitalized banks, particularly when 

capitalization is measured using Tier 1 and total capital and when capital headroom above regulatory 

requirements is considered. In this sense, the evidence indicates that bank capital is not only a direct 
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determinant of resilience but also an important conditioning factor in how competition translates into safer 

lending outcomes. 
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Appendix 

Table 1.b Within-bank variation in the principal variables 

Panel A: Within-bank standard deviations 

 
Variable NPL Sample Stage 3 

Sample 
Default Sample 

Credit-risk 
measure 

0.0258 0.0281 0.0264 

Lerner index 0.4004 0.4011 0.4003 

CET1 ratio 0.0168 0.0178 0.0169 

Tier 1 ratio 0.0197 0.0211 0.0198 

Total capital ratio 0.0223 0.0239 0.0224 

Lerner × CET1 0.0390 0.0418 0.0394 

Lerner × Tier 1 0.0457 0.0490 0.0461 

Lerner × total 
capital 

0.0465 0.0498 0.0470 

Panel B: Within-bank share of total variation 

Variable NPL Sample Stage 3 
Sample 

Default Sample 

Credit-risk 
measure 

9.0% 9.3% 9.7% 

Lerner index 87.2% 86.6% 87.0% 

CET1 ratio 3.7% 3.6% 3.7% 

Tier 1 ratio 4.3% 4.2% 4.3% 

Total capital ratio 5.5% 5.5% 5.5% 

Lerner × CET1 39.1% 39.1% 39.1% 

Lerner × Tier 1 39.9% 40.0% 39.9% 

Lerner × total 
capital 

40.9% 41.0% 40.9% 

Notes: The table reports within-bank variation in the principal variables for the model-specific estimation samples. Panel 
A reports within-bank standard deviations, calculated after removing bank-specific means. Panel B reports the within-
bank sum of squared deviations as a percentage of the total sum of squared deviations. The NPL, Stage 3, and default 
columns refer to the samples used in the corresponding credit-risk specifications. The Lerner index, capital ratios, and 
interaction terms enter the regressions with a two-quarter lag. The reported within shares are descriptive measures of the 
variation available within banks over time and should not be interpreted as a formal decomposition of GMM identification. 
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Table 2.b First-stage relevance of the internal GMM instruments 

PANEL A: JOINT RELEVANCE OF ALL EXCLUDED GMM INSTRUMENTS 

 
CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

ΔRisk𝑡−1: 𝑊𝑎𝑙𝑑 𝐹 5.22 5.06 3.83 4.97 5.17 3.81 4.51 4.60 3.59 

𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑅2 0.080 0.075 0.065 0.080 0.074 0.065 0.079 0.073 0.064 

ΔLerner𝑡−1: 𝑊𝑎𝑙𝑑 𝐹 33.66 31.99 35.63 34.81 32.80 37.22 34.20 32.67 36.04 

𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑅2 0.255 0.246 0.261 0.254 0.245 0.260 0.254 0.244 0.260 

ΔCapital𝑡−1: 𝑊𝑎𝑙𝑑 𝐹 8.08 8.96 7.84 30.55 32.76 30.59 41.65 50.14 45.07 

𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑅2 0.035 0.039 0.037 0.069 0.074 0.071 0.070 0.077 0.072 

PANEL B: CONDITIONAL RELEVANCE OF EACH VARIABLE’S OWN LAG BLOCK 

 
CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

ΔRisk𝑡−1 3.44 3.04 2.82 3.40 3.02 2.81 3.34 2.95 2.72 

ΔLerner𝑡−2 107.11 108.53 114.25 110.12 109.63 116.16 110.21 109.27 116.63 

ΔCapital𝑡−2 18.68 20.21 17.89 22.50 26.03 21.63 15.07 18.22 14.96 

Δ(Lerner x Capital)𝑡−2 1.69 1.64 1.69 20.88 20.05 20.93 14.65 13.78 14.65 

𝐴𝑐𝑡𝑖𝑣𝑒 𝑏𝑎𝑛𝑘 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 114 97 112 114 97 112 114 97 112 

𝐸𝑥𝑐𝑙𝑢𝑑𝑒𝑑 𝐺𝑀𝑀 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡𝑠 18 18 18 18 18 18 18 18 18 

Notes: Panel A reports bank-clustered Wald-F statistics and partial R² measures for the joint relevance of the 18 excluded 
collapsed GMM instruments, conditional on the macroeconomic controls and quarterly time effects. Panel B reports 
conditional bank-clustered Wald-F statistics for each endogenous regressor’s own collapsed t−3 to t−5 lag block. The 
diagnostics use the exact transformed GMM samples. These are auxiliary relevance diagnostics rather than Kleibergen–
Paap or Sanderson–Windmeijer statistics; Stock–Yogo critical values therefore do not apply 
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Table 3.b Marginal effect of Lerner on credit risk at selected points of the capital distribution: full results  

Risk metric Capital measure Point Marginal effect Std. error 95% CI 

NPL ratio 

CET1 ratio 
p10 0.0002 0.0035 [-0.0066, 0.0070] 

p50 0.0029 0.0036 [-0.0042, 0.0099] 

p90 0.0094 0.0070 [-0.0043, 0.0231] 

T1 ratio 
p10 -0.0043 0.0038 [-0.0117, 0.0031] 

p50 0.0028 0.0029 [-0.0028, 0.0084] 

p90 0.0193** 0.0080 [0.0036, 0.0349] 

Total capital ratio 
p10 -0.0047 0.0047 [-0.0139, 0.0045] 

p50 0.0015 0.0028 [-0.0039, 0.0069] 

p90 0.0143* 0.0076 [-0.0005, 0.0292] 

Stage 3 ratio 

CET1 ratio 
p10 0.0009 0.0037 [-0.0064, 0.0081] 

p50 0.0028 0.0044 [-0.0059, 0.0115] 

p90 0.0075 0.0094 [-0.0110, 0.0260] 

T1 ratio 
p10 -0.0036 0.0040 [-0.0115, 0.0043] 

p50 0.0033 0.0027 [-0.0020, 0.0085] 

p90 0.0193*** 0.0061 [0.0073, 0.0312] 

Total capital ratio 
p10 -0.0031 0.0047 [-0.0122, 0.0060] 

p50 0.0022 0.0028 [-0.0033, 0.0077] 

p90 0.0131** 0.0064 [0.0005, 0.0256] 

Default ratio 

CET1 ratio 
p10 0.0025 0.0040 [-0.0053, 0.0103] 

p50 0.0055* 0.0032 [-0.0007, 0.0117] 

p90 0.0128 0.0079 [-0.0026, 0.0283] 

T1 ratio 
p10 -0.0032 0.0056 [-0.0142, 0.0078] 

p50 0.0043 0.0031 [-0.0017, 0.0104] 

p90 0.0218*** 0.0073 [0.0075, 0.0360] 

Total capital ratio 
p10 -0.0038 0.0065 [-0.0166, 0.0090] 

p50 0.0026 0.0033 [-0.0039, 0.0091] 

p90 0.0157** 0.0079 [0.0004, 0.0309] 

Notes: The table reports marginal effects of the Lerner index evaluated at selected percentiles of the respective winsorized 
capital-ratio distribution. Standard errors and confidence intervals are computed using the delta method based on the 
Windmeijer-corrected two-step GMM variance-covariance matrix, including the estimated covariance between the Lerner 
and interaction coefficients. The underlying point estimates and model specifications are identical to those reported in 
Table 2. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.  
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Table 4.a: Country-level wild score-bootstrap inference: full results 

 
CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

𝑅𝑖𝑠𝑘𝑡−1 0.569*** 0.570*** 0.575*** 0.629*** 0.628*** 0.645*** 0.670*** 0.675*** 0.691*** 

𝐿𝑒𝑟𝑛𝑒𝑟𝑡−2 0.005 0.004 0.008 0.008 0.008 0.01* 0.006 0.006* 0.007* 

𝐼𝑛𝑡. 𝑇𝑒𝑟𝑚 0.067 0.048 0.075 0.162* 0.158* 0.172** 0.133* 0.113* 0.137** 

BANK CONTROLS: 

𝐿𝑛(𝑇𝐴)𝑡−2 -0.008 -0.034 -0.022 -0.022 -0.038 -0.038 -0.041 -0.059 -0.059 

𝑅𝑂𝐴𝑡−2 0.377 0.240 0.280 0.376 0.304 0.276 0.255 0.183 0.149 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙𝑡−2 -0.428 -0.412 -0.441 -0.278 -0.292 -0.292* -0.183 -0.171* -0.188** 

MACRO CONTROLS: 

𝐺𝐷𝑃𝑡−2 -1.64e-05 1.42e-05 -2.42e-04 1.28e-04 1.18e-04 -6.23e-05 2.59e-04 2.54e-04 1.07e-04 

𝐻𝐼𝐶𝑃𝑡−2 -2.76e-05 -2.93e-05 5.79e-05 -7.38e-05 -3.41e-05 -4.13e-05 -9.53e-05 -5.65e-05 -5.47e-05 

𝑈𝑁𝑅𝑡−2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 3.73e-04 3.41e-04 

Time Dummies Yes Yes Yes 

Bank FE Yes Yes Yes 

N 1,912 1,607 1,874 1,912 1,607 1,874 1,912 1,607 1,874 

Banks 119 101 117 119 101 117 119 101 117 

Instruments 40 40 40 

Country 
clusters 

19 19 19 19 19 19 19 19 19 

Notes: The table reports two-step Arellano–Bond difference-GMM estimates. Statistical significance is based on null-
imposed, studentized country-level wild score-bootstrap p-values. The bootstrap uses recentered country-level GMM 
moment contributions and 9,999 Webb six-point draws across 19 country clusters. All specifications include bank and 
time effects. *, **, and *** denote wild score-bootstrap significance at the 10%, 5%, and 1% levels, respectively. 
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Table 5: Capital Headroom Total Capital 

 
TOTAL CAPITAL RATIO HEADROOM 

OVER OCR 
TOTAL CAPITAL RATIO HEADROOM 

OVER TSCR 
TOTAL CAPITAL RATIO HEADROOM 

OVER OCR + P2G 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

𝑅𝑖𝑠𝑘𝑡−1 0.685*** 0.716*** 0.717*** 0.678*** 0.706*** 0.714*** 0.684*** 0.725*** 0.721*** 

𝐿𝑒𝑟𝑛𝑒𝑟𝑡−2 0.007* 0.007* 0.009** 0.008** 0.008** 0.009** 0.006* 0.006* 0.008* 

𝐼𝑛𝑡. 𝑇𝑒𝑟𝑚 0.116* 0.106* 0.125* 0.122* 0.113* 0.134** 0.100* 0.092* 0.108* 

BANK CONTROLS: 

𝐿𝑛(𝑇𝐴)𝑡−2 -0.047 -0.07 -0.064 -0.045 -0.07 -0.065 -0.045 -0.072 -0.065 

𝑅𝑂𝐴𝑡−2 0.21 0.109 0.099 0.220 0.097 0.091 0.201 0.069 0.070 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑆𝑢𝑟𝑝𝑙𝑢𝑠𝑡−2 -0.154 -0.139 -0.165 -0.173 -0.163 -0.19 -0.133 -0.115 -0.142 

MACRO CONTROLS: 

𝐺𝐷𝑃𝑡−2 3.26e-04 3.73e-04 2.37e-04 3.16e-04 3.41e-04 1.99e-04 3.58e-04 4.12e-04 2.62e-04 

𝐻𝐼𝐶𝑃𝑡−2 -8.54e-05 -6.53e-05 -2.74e-05 -8.83e-05 -6.78e-05 -4.47e-05 -7.95e-05 -7.58e-05 -2.99e-05 

𝑈𝑁𝑅𝑡−2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 3.60e-04 

Time Dummies Yes Yes Yes 

Bank FE Yes Yes Yes 

N 1,912 1,607 1,874 1,912 1,607 1,874 1,912 1,607 1,874 

Banks 119 101 117 119 101 117 119 101 117 

Instruments 40 40 40 

Hansen p-value 0.330 0.723 0.526 0.312 0.660 0.500 0.366 0.765 0.573 

AR(1) p-value 0.101 0.108 0.088 0.1 0.111 0.089 0.102 0.105 0.088 

AR(2) p-value 0.319 0.338 0.325 0.318 0.339 0.325 0.319 0.337 0.325 
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Table 6: Capital Headroom Tier 1 

 
TIER 1 RATIO HEADROOM OVER 

OCR  
TIER 1 RATIO HEADROOM OVER 

TSCR 
TIER 1 RATIO HEADROOM OVER 

OCR + P2G 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

𝑅𝑖𝑠𝑘𝑡−1 0.642*** 0.666*** 0.673*** 0.637*** 0.653*** 0.669*** 0.645*** 0.672*** 0.682*** 

𝐿𝑒𝑟𝑛𝑒𝑟𝑡−2 0.01** 0.01*** 0.012*** 0.01** 0.01*** 0.012*** 0.009* 0.009*** 0.011*** 

𝐼𝑛𝑡. 𝑇𝑒𝑟𝑚 0.167** 0.169** 0.176** 0.163** 0.165*** 0.178*** 0.146** 0.155** 0.161** 

BANK CONTROLS: 

𝐿𝑛(𝑇𝐴)𝑡−2 -0.027 -0.049 -0.046 -0.027 -0.048 -0.046 -0.028 -0.052 -0.047 

𝑅𝑂𝐴𝑡−2 0.374 0.274 0.248 0.354 0.249 0.23 0.340 0.222 0.208 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑆𝑢𝑟𝑝𝑙𝑢𝑠𝑡−2 -0.263 -0.265 -0.272 -0.267 -0.276 -0.288 -0.234 -0.243 -0.251 

MACRO CONTROLS: 

𝐺𝐷𝑃𝑡−2 1.48e-04 1.84e-04 2.09e-05 1.55e-04 -7.49e-06 1.62e-04 1.89e-04 2.11e-04 4.50e-05 

𝐻𝐼𝐶𝑃𝑡−2 -1.02e-04 -7.71e-05 -6.90e-05 -8.66e-05 -6.17e-05 -6.65e-05 -9.55e-05 -9.11e-05 -7.42e-05 

𝑈𝑁𝑅𝑡−2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 5.00e-04 

Time Dummies Yes Yes Yes 

Bank FE Yes Yes Yes 

N 1,912 1,607 1,874 1,912 1,607 1,874 1,912 1,607 1,874 

Banks 119 101 117 119 101 117 119 101 117 

Instruments 40 40 40 

Hansen p-value 0.285 0.586 0.469 0.296 0.558 0.473 0.335 0.620 0.525 

AR(1) p-value 0.074 0.095 0.072 0.076 0.101 0.074 0.075 0.094 0.074 

AR(2) p-value 0.311 0.340 0.326 0.341 0.341 0.326 0.312 0.339 0.325 
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Table 7: Capital Headroom CET1 

 
CET1 RATIO HEADROOM OVER 

OCR 
CET1 RATIO HEADROOM OVER 

TSCR 
CET1 RATIO HEADROOM OVER 

OCR + P2G 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

𝑅𝑖𝑠𝑘𝑡−1 0.596*** 0.61*** 0.602*** 0.587*** 0.598*** 0.593*** 0.617*** 0.627*** 0.627*** 

𝐿𝑒𝑟𝑛𝑒𝑟𝑡−2 0.005 0.005 0.008* 0.005 0.005 0.008* 0.005 0.005 0.007 

𝐼𝑛𝑡. 𝑇𝑒𝑟𝑚 0.071* 0.066 0.077 0.060 0.051 0.069 0.06 0.062 0.065 

BANK CONTROLS: 

𝐿𝑛(𝑇𝐴)𝑡−2 -0.023 -0.044 -0.033 -0.021 -0.051 -0.031 -0.027 -0.049 -0.038 

𝑅𝑂𝐴𝑡−2 0.341 0.244 0.25 0.302 -0.044 0.214 0.302 0.187 0.189 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑆𝑢𝑟𝑝𝑙𝑢𝑠𝑡−2 -0.374** -0.381** -0.411** -0.385** -0.38** -0.43** -0.303** -0.319** -0.36*** 

MACRO CONTROLS: 

𝐺𝐷𝑃𝑡−2 2.75e-05 7.90e-05 -1.64e-04 5.52e-05 8.38e-05 -1.77e-04 1.07e-04 1.24e-04 -1.16e-04 

𝐻𝐼𝐶𝑃𝑡−2 -1.08e-04 -9.30e-05 -1.56e-05 -6.36e-05 -7.01e-05 3.88e-05 -1.10e-04 -1.18e-04 -4.11e-05 

𝑈𝑁𝑅𝑡−2 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Time Dummies Yes Yes Yes 

Bank FE Yes Yes Yes 

N 1,912 1,607 1,874 1,912 1,607 1,874 1,912 1,607 1,874 

Banks 119 101 117 119 101 117 119 101 117 

Instruments 40 40 40 

Hansen p-value 0.141 0.331 0.265 0.120 0.325 0.227 0.177 0.367 0.309 

AR(1) p-value 0.052 0.085 0.063 0.054 0.094 0.066 0.058 0.087 0.066 

AR(2) p-value 0.305 0.334 0.317 0.304 0.334 0.316 0.308 0.336 0.319 
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Table 8: Sensitivity to macro-financial conditions 

 
CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

𝑅𝑖𝑠𝑘𝑡−1 0.640*** 0.600*** 0.645*** 0.665*** 0.646*** 0.679*** 0.675*** 0.687*** 0.735*** 

𝐿𝑒𝑟𝑛𝑒𝑟𝑡−2 0.392 0.423 0.705 0.267 0.250 0.498 0.364 0.318 0.559 

𝐼𝑛𝑡. 𝑇𝑒𝑟𝑚 12.232 6.918 12.36 10.767 8.855 11.087 8.984 7.120 9.198 

𝐿𝑒𝑟𝑛𝑒𝑟𝐶 
𝑇𝑖𝑔ℎ𝑡𝑒𝑛𝑖𝑛𝑔 

-0.004 -0.012 0.003 -0.006 -0.017 0.003 -0.001 -1.95e−5 0.009 

BANK CONTROLS: 

𝐿𝑛(𝑇𝐴)𝑡−2 -0.024 -0.039 -0.037 -0.035 -0.067 -0.060 -0.042 -0.069 -0.068 

𝑅𝑂𝐴𝑡−2 0.175 0.121 -0.034 0.156 -0.025 -0.099 0.128 -0.003 -0.054** 

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑡−2 -12.233 -7.032 -12.346 -10.763 -8.891 -11.071 -8.976 -7.113 -9.162 

MACRO CONTROLS: 

𝐺𝐷𝑃𝑡−2 3.36e-4 7.66e-5 -5.2e-6 4.10e-4 3.19e-4 1.53e-4 3.49e-4 3.51e-4 1.66e-4 

𝐻𝐼𝐶𝑃𝑡−2 -2.24e-4 -1.42e-4 -1.01e-4 -2.48e-4 -1.62e-4 -1.54e-4 -1.46e-4 -1.21e-4 1.06e-4 

𝑈𝑁𝑅𝑡−2 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 

Time Dummies Yes Yes Yes 

Bank FE Yes Yes Yes 

N 1,912 1,607 1,874 1,912 1,607 1,874 1,912 1,607 1,874 

Banks 119 101 117 119 101 117 119 101 117 

Instruments 40 43 43 

Hansen p-value 0.063 0.135 0.056 0.081 0.135 0.064 0.325 0.591 0.430 

AR(1) p-value 0.124 0.141 0.125 0.126 0.145 0.127 0.130 0.136 0.117 
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CET1 RATIO TIER 1 RATIO TOTAL CAPITAL RATIO 

NPL STAGE 3 DEF. NPL STAGE 3 DEF. NPL STAGE 3 DEF. 

AR(2) p-value 0.317 0.338 0.325 0.321 0.341 0.328 0.323 0.339 0.328 

Notes: The table reports the augmented specification used to assess sensitivity to macro-financial conditions. Int. 
LernerCTightening denotes the interaction between the Lerner–capital interaction term and a dummy equal to one from 
2022Q1 onward. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. 
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