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Abstract 

This paper provides an empirical assessment of the implementation of the new IRRBB and CSRBB regulatory framework 
approximately one years after its introduction, based on evidence from an AIFIRM survey on 25 Italian banks. The analysis covers 
three reporting dates (31 December 2023, 31 December 2024 and 30 September 2025) and suggests that the evidence is 
consistent with a progressive adaptation of banks' IRRBB exposures following the introduction of the new regulatory framework. 
Furthermore, across the three reporting dates, exposure levels differ across banks depending on their size and the measurement 
approaches adopted. IRRBB governance practices appear to be progressively consolidating in some areas, including internal 
capital calibration and the definition of RAF thresholds, while remaining heterogeneous in others, notably model risk assessment. 
As regards CSRBB, the measurement perimeter in most cases includes HTC and HTCS portfolios and is accompanied by a 
widespread use of sensitivity-based measures, as well as limited integration within RAF frameworks. The integration of CSRBB in 
the risk management framework can be characterized as being at an intermediate stage, as further methodological 
developments by banks are expected in the near term, also taking into account the recent clarifications provided by the EBA in 
the IRRBB heatmap implementation published in January 2026. 
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1. Introduction 

The complexity of the current regulatory framework concerning Interest Rate Risk in the Banking Book (IRRBB), developed 
following the revision of standards promoted by the Basel Committee in 2016 and subsequently implemented in the European 
Union through the EBA Guidelines of 20 October 2022 and Commission Delegated Regulations (EU) 2024/857 and 2024/856 of 
1 December 2023, must be interpreted within a macro-financial context characterized by two rapid and opposing phases of 
monetary policy2, as well as by the spillover effects associated with the 2023 crisis affecting several U.S. banks, most notably 
Silicon Valley Bank. This environment has heightened supervisory attention, both in formal supervisory activities and in the 
ongoing technical dialogue with banks, while at the same time reinforcing the need for robust IRRBB measurement and 
management frameworks, consistent with the specific features of banks’ business models and adequate to address emerging 
challenges. 

The transposition of the EBA Guidelines EBA/GL/2022/14 into the Italian regulatory framework was carried out through the 44th 
update of Bank of Italy Circular No. 285/2013, dated 20 December 2023. Subsequently, the 48th update of 20 June 2024 revised 
the methodologies for measuring interest rate risk in the banking book set out in Technical Annexes C and C-bis, with a view to 
aligning them with the measurement expectations defined at the European level. The Bank of Italy set June 2024 as the effective 
date for the entry into force of the new provisions, with the exception of the Credit spread risk in the banking book (CSRBB) 
framework, whose application was required from December 2023. In addition to the above-mentioned documents, Commission 
Implementing Regulation (EU) 2024/855 of 15 March 2024 amended the implementing technical standards laid down in 
Implementing Regulation (EU) 2021/451 with regard to supervisory reporting on interest rate risk in the banking book. This 
regulation requires the completion of specific reporting templates for IRRBB, differentiated according to the size of the 
institution (large institutions, other institutions, and small and non-complex institutions), starting from the reference date of 30 
September 2024. 

 
1 The authors would like to thank the members of the AIFIRM IRRBB Commission for their participation in the survey and for the insightful 
discussions developed within the working groups. Special thanks are due to Corrado Meglio (Vice President, AIFIRM) for his constant attention 
to IRRBB-related topics, which has enabled the establishment of the AIFIRM IRRBB Commission and fostered continuous dialogue among 
academics and practitioners over the years. His dedication and vision have also played a key role in inspiring this work. The opinions expressed 
are those of the authors and do not necessarily represent the views of AIFIRM or of the institutions with which they are affiliated. 
2 In this respect, it is worth noting that the ECB deposit facility rate increased from −0.50% in July 2022 to 4.00% in September 2023, before 
declining from 3.75% in June 2024 to 2.00% in June 2025. 
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Following the entry into force of the new prudential regulatory framework, the European Banking Authority published, in January 
2024, a heatmap identifying the main areas of supervisory scrutiny, together with the related actions and timelines. This was 
followed by further publications in February 2025 and January 2026, outlining the progress in the implementation of these 
priorities3. Among the key areas of focus, particular attention is given to the introduction of additional dimensions to the 
Supervisory Outlier Test (SOT) based on the NII metric, the assumptions underlying the modelling of non-maturity deposits 
(NMDs), including the treatment of commercial margins within the NII SOT and the monitoring of the five-year cap on weighted 
average maturity, as well as the development of analytical tools to support supervisors in identifying and monitoring parameters 
and risk factors in banks’ behavioral models. Further areas of analysis include the use of hedging strategies for IRRBB 
management and the definition of the CSRBB perimeter.  

Approximately two years after the entry into force of the new framework, several implementation challenges and open issues 
remain, calling for further investigation from both methodological and procedural perspectives. Among these, particular 
attention should be paid to the different assumptions underlying the two regulatory approaches, namely Economic Value of 
Equity (EVE) and Net Interest Income (NII), as well as to the misalignment between regulatory requirements and established 
market practices, and to the effective implementation within internal risk management systems of specific risk components 
assessment, such as basis risk and credit spread risk in the banking book (CSRBB). In this context, the frequently observed inverse 
relationship between the results obtained from the EVE and NII approaches becomes particularly relevant, highlighting the need 
for an integrated and comprehensive management of the overall risk profile. It is also worth noting the increasing adoption, 
particularly among small and medium-sized banks, of internal models for IRRBB measurement, replacing the simplified 
methodologies set out in Annexes C and C-bis. These models are often combined with behavioral approaches for the 
representation of non-maturity deposits. However, their use requires the adoption of formal validation processes and a 
dedicated assessment of model risk, in line with the EBA Guidelines (EBA/GL/2022/14). In this respect, the interaction between 
model risk, stress testing and capital adequacy assessment becomes particularly relevant. 

Over time, AIFIRM has devoted significant attention to interest rate risk in the banking book through the publication of several 
Position Papers. The first Position Paper (No. 4 in the AIFIRM series) was published in 2015, following AIFIRM’s participation in 
the Basel Committee consultation launched in June 2015 on the revision of the 2004 IRRBB principles. Subsequently, in 
September 2019, the AIFIRM IRRBB Commission was established. Its work led to the publication, in February 2021, of the second 
Position Paper (No. 25), which addressed the managerial implications of the evolving regulatory environment following the Basel 
Committee’s 2016 standards and the 2018 update of the EBA Guidelines. The third Position Paper (No. 34) was published in April 
2022, again following AIFIRM’s participation in the EBA consultation launched in December 2021, concerning the two new RTS 
on supervisory outlier tests (SOTs) and on the standardized and simplified standardized approaches, as well as the further update 
of the EBA Guidelines. Finally, the fourth Position Paper (No. 44) was published shortly after the definition of the new regulatory 
framework, in close proximity to its entry into force.   

Building on the activities carried out within the latest AIFIRM IRRBB Commission, this paper originates from a structured survey 
administered to the participating Italian banks with the objective of assessing the state of implementation of the new IRRBB and 
CSRBB regulatory framework during its first two years of application. The survey, whose design and sample characteristics are 
presented in Section 3, provides a unique overview of current industry practices and implementation challenges across both 
Significant Institutions (SIs) and Less Significant Institutions (LSIs). The evidence collected is analysed in the subsequent sections 
along three main dimensions: (i) IRRBB exposure under the supervisory outlier test framework, (ii) IRRBB governance, including 
behavioral models, model validation, model risk, internal capital assessment and RAF integration, and (iii) CSRBB implementation 
within banks' risk management frameworks. 

Against this evolving regulatory and supervisory landscape, as outlined above, the evidence provided by the AIFIRM survey 
contributes to a better understanding of how banks are adapting to the new IRRBB framework, highlighting both the main 
sources of heterogeneity and the key challenges for effective and forward-looking risk management. 

The purpose of this study is primarily exploratory and descriptive rather than explanatory. The objective is not to estimate causal 
relationships between banks' characteristics and the implementation of the new regulatory framework, but rather to provide a 
comprehensive overview of the current state of implementation of the IRRBB/CSRBB framework among Italian banks and to 
identify the main supervisory and managerial practices that have emerged during its first two years of application. Accordingly, 
the empirical analysis mainly relies on descriptive statistics and qualitative comparisons across institutions. Given the relatively 
limited sample size and the heterogeneous nature of the information collected, the paper does not pursue econometric 
modelling or formal statistical inference. This methodological choice is consistent with the exploratory purpose of the study and 
with the characteristics of the survey. Future research may build on the present evidence by considering larger samples, cross-
country comparisons and subsequent survey waves, thereby enabling more formal statistical analyses. 

2. Literature review and research hypotheses 

 The literature on interest rate risk originates from the pioneering work of Macaulay (1938), who introduced the concept of 
duration, and Samuelson (1945), who analyzed the effects of rising interest rates on the banking system. These contributions 

 
3 For further details se EBA (2024, 2005 and 2026). 
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laid the foundations for a vast body of research examining the interaction between banks and interest rates, which can be 
broadly categorized into several strands. Despite its breadth, most of this literature abstracts from supervisory metrics and 
regulatory frameworks, such as those established by the Basel Committee on Banking Supervision (2004 and 2016). The relatively 
limited subset of studies that explicitly address interest rate risk from a regulatory perspective can be broadly divided into two 
main strands.  

The first focuses on the soundness and effectiveness of the prudential supervisory framework (Fiori and Iannotti, 2007; Entrop 
et al., 2008, 2009; Abdymomunov and Gerlach, 2014; Cocozza et al., 2015; Cerrone et al., 2017; Claußen and Platte, 2023). 
Generally, these studies assess whether standardized regulatory assumptions produce risk measures consistent with banks’ 
actual exposures, and how results change when such assumptions are relaxed or replaced with more sophisticated modelling 
approaches. The second explores the application of regulatory methodologies within econometric frameworks to analyze the 
relationship between interest rate risk and various aspects of financial intermediation. This includes studies addressing the 
determinants of IRRBB exposure from different perspectives (Esposito et al., 2015; Chaudron, 2018; Hoffmann et al., 2019; 
Abdymomunov et al., 2023), as well as the extent to which monetary policy transmission depends on the heterogeneity of banks’ 
exposure to interest rate risk (Beutler et al., 2020; Coulier et al., 2024). Generally, these studies rely on accounting-based 
measures that proxy banks' regulatory IRRBB exposure, using such measures to investigate lending behaviour, asset–liability 
management and the transmission of interest rate risk to banks' business models. 

In addition, AIFIRM has contributed extensively to the debate on IRRBB through a series of papers published over the years in 
its journal (initially the AIFIRM Newsletter and subsequently Risk Management Magazine). Consistent with the above 
classification, most of these contributions belong to the first research stream and focus on the prudential supervisory framework 
(Curcio and Gianfrancesco, 2011; Gianfrancesco and Gilberto, 2014; Partesotti and Preger, 2015; Gianfrancesco, 2016, 2017, 
2018; Mazzeo et al., 2020; Michoulas and Akkizidis, 2023). By contrast, Curcio et al. (2022) is more closely related to the second 
research stream, as it applies the regulatory IRRBB methodology within an econometric framework.Building on the above 
research streams, this paper aims to provide an updated assessment of the implementation of the new IRRBB and CSRBB 
regulatory framework in the Italian banking system approximately two years after its entry into force, by presenting evidence 
from a survey of 25 Italian banks. Unlike previous contributions, which have either focused on the soundness of the prudential 
framework or employed regulatory measures within econometric analyses, this study provides a comprehensive assessment of 
how the new framework has been effectively implemented in banks' risk management processes. 

The analysis is structured around three main areas of investigation: 

i) an analysis of Italian banks’ exposure to interest rate risk under the supervisory outlier test (SOT) framework (EVE and NII) , 
including a critical evaluation of the underlying methodological assumptions; 

ii) IRRBB governance aspects, including the validation of behavioral models, the measurement of model risk, the criteria for 
estimating internal capital under both normal and stress conditions, and the integration of IRRBB within the Risk Appetite 
Framework (RAF); 

iii) the inclusion of CSRBB within internal risk management framework. 

To the best of our knowledge, this is the first study to provide a comprehensive assessment of the implementation of the new 
IRRBB/CSRBB regulatory framework in the Italian banking system by combining evidence on banks' risk exposure with 
information on governance arrangements, modelling practices and implementation choices collected through a dedicated 
industry survey. By bridging the gap between the regulatory literature and banks' actual implementation practices, the paper 
contributes to a better understanding of the challenges arising from the transition to the new supervisory framework. 
Furthermore, the findings provide useful policy implications for academics, supervisors and practitioners by identifying emerging 
implementation issues, highlighting areas that may deserve further supervisory attention and supporting the alignment of banks' 
risk management practices with the evolving regulatory environment. 

3. Survey Design and Sample Description 

The empirical analysis is based on a structured survey designed by the AIFIRM IRRBB Working Group and administered to Italian 
banks during the last quarter of 2025. The questionnaire was addressed to the risk management functions. 

The survey was organised into five sections covering: (i) supervisory outlier test (SOT) indicators, (ii) IRRBB measurement models, 
(iii) CSRBB implementation, (iv) behavioral models, model validation and model risk, and (v) risk appetite framework (RAF) and 
internal capital assessment. The structure and content of the questionnaire were defined by the coordinators of the AIFIRM 
IRRBB Working Group on the basis of the main implementation issues and practical challenges that had emerged during the 
plenary meetings of the Commission. A preliminary version of the questionnaire was subsequently shared with the participating 
institutions in order to verify its completeness, ensure that all relevant regulatory and operational issues had been adequately 
captured, and collect final comments before its formal administration. This iterative process contributed to improving the clarity, 
completeness and practical relevance of the survey instrument, ensuring its consistency with the main implementation 
challenges faced by Italian banks. 
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The questionnaire combined closed-ended questions with predefined response options and open-ended questions requiring 
quantitative information and methodological descriptions. In particular, respondents were requested to report both supervisory 
indicators and information on internal modelling approaches, governance arrangements and validation practices.  The survey 
collected both qualitative and quantitative information, combining factual questions on regulatory implementation with 
numerical information on supervisory metrics, internal models and governance arrangements. 

To enhance the consistency of responses, the questionnaire provided detailed compilation instructions and requested that 
quantitative information be referred to the relevant reporting dates. Responses were reviewed for completeness and internal 
consistency and, where necessary, follow-up interactions with respondents were carried out to clarify ambiguous or incomplete 
answers before the database was finalized. 

The final sample consists of 25 Italian banks, including 18 Less Significant Institutions (LSIs) supervised by the Bank of Italy and 7 
Significant Institutions (SIs) directly supervised by the European Central Bank (ECB) within the Single Supervisory Mechanism 
(SSM). The survey collected information referring to three reporting dates (31 December 2023, 31 December 2024 and 30 
September 2025), allowing the analysis to capture the evolution of banks' implementation of the new IRRBB/CSRBB regulatory 
framework over time. Participation in the survey was voluntary. The final sample includes all institutions that completed the 
questionnaire and provided sufficiently comprehensive and internally consistent information for the purposes of the analysis. 

The composition of the sample includes both significant and less significant institutions, thereby providing evidence on the 
implementation challenges and supervisory practices across the main categories of Italian banks. 

For the sake of clarity, Table 1 provides an overview of the survey methodology, including the period of administration, the 
questionnaire structure, the reference reporting dates, the quality assurance process and the composition of the sample. 

 

Item Description 

Survey organiser AIFIRM IRRBB Working Group 

Target respondents Risk Management functions 

Period of administration Fourth quarter of 2025 

Reference reporting dates 31 Dec 2023; 31 Dec 2024; 30 Sep 2025 

Questionnaire structure Five thematic sections 

Question format Closed-ended and open-ended questions; quantitative and qualitative information 

Sample size 25 Italian banks 

Composition 7 Significant Institutions (SIs); 18 Less Significant Institutions (LSIs) 

Data validation 
Completeness and internal consistency checks; follow-up clarifications where 
necessary 

Partecipation  Voluntary 

 
Table 1. Survey design and sample characteristics 

 

4. IRRBB Exposure of Italian Banks 

4.1 Exposure by size and models 

The sample used in the analysis consists of 25 banks, of which 18 are classified as less significant institutions (LSIs) supervised by 
the Bank of Italy and 7 as significant institutions (SIs) directly supervised by the European Central Bank (ECB) within the Single 
Supervisory Mechanism (SSM). The data have been collected at three reference dates: 31 December 2023, 31 December 2024 
and 30 September 2025. Table 2 provides a summary of IRRBB exposures across the sample of Italian banks, distinguishing 
between the EVE and NII perspectives. The table is structured along three main dimensions: (i) the size class of the institution, 
(ii) the measurement methodology adopted and (iii) the use of behavioral models for non-maturity deposits. For each category, 
the table reports both the number of banks (N) and the average level of exposure (Exp). Exposure measures are based on the 
most penalizing scenario, defined as the worst outcome among the six regulatory scenarios for the EVE approach and the most 
adverse outcome between the +200 and −200 basis point shocks for the NII approach. Risk exposure values, expressed as a 
percentage of Tier 1 capital, are calculated as simple averages across the banks included in the analysis and within each identified 
sub-sample. 

The first dimension distinguishes between SIs and LSIs, thereby capturing potential differences in risk exposure related to size, 
complexity and supervisory expectations. The second dimensions groups the banks according to the measurement methodology 
adopted, distinguishing between internal models, standardized approaches, and simplified supervisory approaches (Annexes C 
and C-bis). This classification allows for an assessment of the extent to which model sophistication is associated with different 
risk profiles. Finally, the third dimension focuses on banks that adopt behavioral models for non-maturity deposits (NMDs), 
further distinguishing between those that rely on internal estimates to model scenario dependency in the estimation of the core 



RISK MANAGEMENT MAGAZINE – Volume 21, Issue 2                       - 8 - 

 

component and those that rely on regulatory parameters set out in paragraphs 4 and 5 of Article 8 of Regulation (EU) 2024/857. 
It should be noted that, with reference to the last two dimensions, these comparisons are based on different sub-samples. As 
such, the analysis does not assess the impact of switching from one methodology to another for the same banks, but rather 
compares the average exposure of banks adopting each methodology. 

 

   EVE NII 

   2023 2024 2025 2023 2024 2025 

Full sample N 25 25 25 24 25 25 

  Exp -6.31% -10.33% -8.35% -2.96% -3.23% -3.38% 

of which Outlier banks N 0 3 0 4 3 4 

Bank type 

SI banks N 7 7 7 6 7 7 

 Exp -3.41% -8.13% -7.80% -2.76% -2.56% -3.12% 

LSI banks N 18 18 18 18 18 18 

 Exp -7.44% -11.19% -8.56% -3.03% -3.48% -4.11% 

Methodology 

Internal models 
N 11 13 15 10 12 14 

Exp -3.89% -8.60% -7.20% -3.14% -3.21% -4.09% 

Standardized Approach (SA) 
N 3 6 3 3 6 3 

Exp -6.91% -12.59% -9.86% -2.43% -3.48% -4.71% 

All-C and C-bis approach 
N 10 5 6 10 6 7 

Exp -8.78% -12.89% -10.25% -2.93% -3.07% -3.07% 

Behavioral modelling of NMDs 

Behavioral models 
N 13 16 16 13 16 16 

Exp -5.02% -9.37% -7.45% -2.84% -2.72% -3.85% 

With internal estimates of 
scenario dependency 

N 11 10 11 11 10 11 

Exp -5.10% -8.43% -6.85% -2.98% -2.46% -3.28% 

 
Notes: 
o N denotes the number of banks included in each category.  
o Exp denotes the average exposure to interest rate risk, expressed as a percentage of Tier 1 capital. Reductions in economic value and net interest income 

are indicated by negative values. 
o Internal models refer to banks that adopt internally developed measurement frameworks generally based on full valuation approaches.  
o The standardized approach refers to the methodology defined under the regulatory framework, while the All-C (slotting) approach refers to simplified 

supervisory methodologies based on the metrics set out in Annexes C and C-bis of Bank of Italy Circular No. 285/2013.  
o SSM banks are institutions directly supervised by the European Central Bank, while LSI banks are supervised by national competent authorities (in this case, 

the Bank of Italy).  
o Behavioral models refer to banks that declare the use of behavioral models for estimating the repricing and maturity profiles of non-maturity deposits 

(NMDs) and apply the scenario-dependent factors of 0.8 and 1.2 in accordance with paragraphs 4 and 5 of Article 8 of Commission Delegated Regulation 
(EU) 2024/857. 

o Models with internal estimates of scenario dependency refer to banks that, within their behavioral modelling framework, incorporate scenario dependency 
through internally estimated parameters. 

Risk exposure values, expressed as a percentage of Tier 1 capital, are calculated as simple averages across the banks included in the analysis and within each 
identified sub-sample. 
The bank participating in the survey that applies the simplified standardized methodology is not included in the table. 
Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Table 2. IRRBB Exposure by Bank Type, Measurement Methodology and Use of Behavioral Model 

 
From an aggregate perspective, IRRBB exposure across the whole sample shows a marked deterioration between 2023 and 2024 
under the EVE metric, followed by a partial recovery in 2025. In particular, the average exposure, measured under the most 
penalizing scenario, increases from −6.31% in 2023 to −10.33% in 2024, before improving to −8.35% in 2025. In this respect, it 
is worth noting that 3 banks qualify as outliers (i.e. exceeding the 15% threshold) between 2023 and 2024, while no outlier banks 
are observed in 2025. By contrast, the NII perspective exhibits a slight increase in risk exposure over the same period, with values 
moving from −2.96% in 2023 to −3.23% in 2024 and further to −3.38% in 2025. The number of outlier banks (i.e. exceeding the 
5% threshold) is equal to 4 in 2023, 3 in 2024 and 4 in 2025. When comparing significant institutions (SIs) and less significant 
institutions (LSIs), the former consistently exhibit lower average exposure to interest rate risk under both the EVE and NII 
perspectives. The dynamics observed across bank types are broadly consistent with those identified at the aggregate level, with 
EVE exposure increasing between 2023 and 2024 and subsequently declining in 2025, while NII exposure shows a progressive 
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upward trend over the entire period. It is also worth noting that the breakdown by measurement methodology highlights a 
progressive increase in the use of internal models over time. In particular, the number of banks adopting internal models rises 
from 11 in 2023 to 13 in 2024 and 15 in 2025 for the EVE approach, and from 10 to 12 and 14 for the NII approach. This trend is 
accompanied by a gradual reduction in the use of the Annex C / C-bis metrics. The standardized approach shows a temporary 
increase from 3 banks in 2023 to 6 in 2024, before returning to 3 banks in 2025. This finding suggests that the implementation 
of the new framework has accelerated the transition from simplified supervisory methodologies towards internally developed 
models, particularly among banks seeking a closer alignment between regulatory metrics and internal risk management 
practices. Overall, the dynamics observed for EVE, namely, an increase in risk exposure between 2023 and 2024 followed by a 
reduction in 2025, and for NII, a progressive increase in exposure, are broadly consistent across the different methodologies. 
The only exception concerns the Annex C / C-bis metrics under the NII metric, where exposure remains broadly stable between 
2024 and 2025. Despite these common trends, banks adopting internal models display, on average, lower levels of exposure 
under the EVE perspective across all reference years. With regard to the NII perspective, banks using the standardized approach 
show lower exposure in 2023, while the Annex C / C-bis metrics are associated with lower exposure in 2024 and 2025.   

Finally, shifting the focus to the adoption of behavioral models for non-maturity deposits, a moderate increase in their use can 
be observed over the period, rising from 13 banks in 2023 to 16 in 2024 and remaining stable in 2025. On average, banks adopting 
behavioral models exhibit lower exposure than the full sample under the EVE perspective across all three years, and under the 
NII perspective in 2023 and 2024. On average, banks adopting behavioral models show lower exposure than the full sample 
under the EVE approach across all three years, and under the NII approach in 2023 and 2024. It is also noteworthy that 11 banks 
in 2023, 10 in 2024 and 11 in 2025 incorporate internally estimated scenario dependency within their models. These banks 
exhibit lower exposure, under both the EVE and NII approaches in 2024 and 2025, compared to the overall sample of banks 
adopting behavioral models. In the absence of internal estimates, scenario dependency is typically captured through the 
regulatory coefficients specified in paragraphs 4 and 5 of Article 8 of Commission Delegated Regulation (EU) 2024/857. In 
particular, the regulation provides for the application of a coefficient equal to 0.8 to the core component in upward interest rate 
scenarios and 1.2 in downward scenarios, with a corresponding decrease (increase) in the non-core component. 

The evidence reported in Table 2 highlights differences across banks that reflect institution-specific characteristics and 
methodological choices, including bank size, the measurement approaches adopted (i.e. internal models, standardized or 
simplified supervisory methods), and the use of behavioural models for non-maturity deposits, including the treatment of 
scenario dependency. These differences are also influenced by broader regulatory developments and by the asset and liability 
management strategies pursued by banks during a period characterized by markedly different phases of monetary policy. 
Overall, the evidence suggests that the implementation of the new regulatory framework has not led to a uniform convergence 
in banks' risk profiles. Rather, institutions appear to have adapted through different combinations of modelling choices, 
behavioral assumptions and balance sheet management strategies. From a supervisory perspective, these findings support the 
need to complement standardized regulatory metrics with a more in-depth assessment of the methodological choices underlying 
reported IRRBB exposures. At the same time, for banks they underline that the adoption of more sophisticated modelling 
approaches should be accompanied by robust governance arrangements to ensure the consistency, comparability and reliability 
of risk measurement over time. 

4.2 Regulatory changes and methodological choices 

The changes in IRRBB exposure observed as of 31 December 2024 coincide with the implementation of the new regulatory 
framework introduced in mid-2024. While the survey does not allow causal inferences, the evidence appears consistent with a 
progressive transition from simplified methodologies towards internal models, a broader adoption of behavioural models for 
non-maturity deposits (NMDs), and a greater degree of methodological discretion exercised by banks within the same regulatory 
framework. These include, for instance, the treatment of commercial margins in the EVE metric, the modelling of the non-stable 
component in the NII framework, as well as other regulatory-driven elements such as the incorporation of basis risk and the 
treatment of embedded optionality. This is confirmed by the survey evidence, according to which several banks report 
methodological adjustments across the reference periods, with a non-negligible impact on the reported metrics. The main 
regulatory changes and methodological choices that may have contributed to the observed variations can be summarized as 
follows: 

(i) the inclusion (or exclusion) of commercial margins in the economic value analysis.  When only the risk-free component of 
interest cash flows is considered, excluding commercial margins, the size of the asset side cash flows is reduced, which may 
benefit asset-sensitive banks exposed to upward movements in interest rates. The possibility of excluding commercial margins 
is explicitly provided for under Article 3(5) of Commission Delegated Regulation (EU) 2024/856 of 1 December 2023. According 
to the survey conducted as of 30 September 2025, 11 banks calculate the EVE metric including commercial margins, while 14 
banks (of which 6 significant institutions) exclude them. 9 out of the 14 banks rely on internal transfer pricing for identification 
of the commercial spread. It is also worth noting that 23 out of 25 banks use risk-free curves for discounting, in line with Article 
3(9) of the same Regulation. 

(ii) for banks using behavioral models, the treatment of the non-stable component of non-maturity deposits (NMDs) plays a key 
role within the NII framework. Two main approaches can be identified within established risk management practices across 
banks. In the first case, the non-stable component is treated consistently with the EVE approach, implying a full and immediate 
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repricing following interest rate shocks. In the second case, the non-stable component is repriced according to a delayed and 
partial pass-through mechanism, typically modelled through an Error Correction Model (ECM), consistently with the modelling 
applied to the stable component. According to the survey conducted as of 30 September 2025, 18 out of 25 banks apply the 
same treatment to the non-stable component for both EVE and NII purposes. It is worth noting that a full repricing of the non-
stable component leads to lower exposure compared to behavioral repricing in the case of banks exposed to declining interest 
rate scenarios under the NII perspective. 

(iii) the inclusion of basis risk in the measurement of IRRBB exposure, particularly under the NII approach. Within the 
standardized framework, basis risk is captured through a specific add-on provided for under Article 23. According to the survey 
conducted as of 30 September 2025, 20 out of 25 banks in the sample explicitly consider basis risk. However, the regulatory add-
on is applied by only 5 banks, while 12 banks adopt a multi-curve approach4, which represents the most widespread market 
practice. The remaining 3 banks use alternative methodologies. Among the banks that assess basis risk, 11 include it only within 
the NII framework, while 9 incorporate it in both EVE and NII.  

(iv) the introduction of modelling frameworks, in addition to non-maturity deposits, for other sources of behavioral optionality, 
namely fixed-rate loans subject to prepayment, as set out in Article 9 of Regulation (EU) 2024/857, and fixed-rate deposits 
subject to early redemption, as specified in Article 10 of the same Regulation. The application of prepayment models leads to a 
reduction in the average duration of assets, with an intensity that varies depending on the direction of interest rate shocks, and 
is typically more pronounced in declining rate scenarios. Conversely, early redemption affects the liability side by reducing the 
average duration of fixed-rate deposits. Based on the survey evidence as of 30 September 2025, 9 out of 25 banks use internal 
prepayment models, while 12 apply the simplified approaches set out in Annex C. With regard to early redemption, the majority 
of the sample (18 out of 25 banks) does not adopt dedicated modelling approaches. Among the remaining institutions, 5 rely on 
the simplified methodologies provided in Annexes C and C-bis, while 2 adopt internally developed models. 

4.3 Most Penalizing Scenarios under the EVE and NII Approaches 

The following Table 3 reports, for each year and methodology, the number of banks for which a given scenario represents the 
most penalizing one (i.e. the scenario generating the highest absolute impact on EVE and NII) within the Supervisory Outlier 
Tests (SOTs). 

 

  2023 2024 2025 

EVE Internal models Others Internal models Others Internal models Others 

PSU 8 3 10 10 14 8 

PSD 2 3 1 0 0 1 

SRU 1 1 0 0 0 0 

SRD 0 3 1 1 0 0 

STEP 0 4 0 1 1 1 

FLATT 0 0 1 0 0 0 

Total 11 14 13 12 15 10 

NII Internal models Others Internal models Others Internal models Others 

PSU 1 2 1 2 0 3 

PSD 9 12 12 10 14 8 

Total 10 14 13 12 14 11 
 
Note: PSU = Parallel Shock Up; PSD = Parallel Shock Down; SRU =  Short Rates Shock Up Up; SRD = Short Rates Shock Down; STEP = Steepener Shock; FLATT = 
Flattener Shock. The most penalizing scenario is defined as the scenario generating the highest absolute impact on EVE or NII. Internal models generally refer to 
full valuation approaches, while the category “Others” includes the standardized approach (SA), the simplified standardized approach (SSA), and the 
methodologies set out in Annexes C and C-bis. 
Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 
 

Table 3. Distribution of the Most Penalizing IRRBB Scenarios (EVE and NII) by Methodology 

 
From the EVE perspective, the results show a clear predominance of the parallel upward shock (PSU) as the main driver of 
exposure, particularly for banks using internal models. The number of banks for which PSU represents the most penalizing 
scenario increases over time, from 8 out of 11 in 2023 to 10 out of 13 in 2024 and 14 out of 15 in 2025 among internal model 
users. A similar pattern is observed for banks using other methodologies, particularly in 2024 (10 out of 12) and 2025 (8 out of 
10). In 2023, by contrast, the evidence is more heterogeneous for banks adopting the standardized approach or Annex C / C-bis 

 
4 The multi-curve approach consists of modelling different reference yield curves for assets and liabilities in order to capture the imperfect 

correlation between interest rates applied to different instruments or market segments, thereby providing a more realistic representation of 
basis risk. 
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methodologies, with a more diversified distribution across scenarios. With regard to the NII metric, the downward parallel shock 
(PSD) emerges as the dominant scenario across all years and methodologies. The number of banks for which PSD is the most 
adverse scenario remains consistently high, particularly among those adopting internal models (from 9 out of 10 in 2023 to 12 
out of 13 in 2024 and 14 out of 14 in 2025). A similar pattern is observed for banks using other methodologies, with 12 out of 
14 in 2023, 10 out of 12 in 2024 and 8 out of 11 in 2025. While slightly less pronounced for this group, the effect remains broadly 
stable over time. Conversely, the PSU scenario plays a much more limited role for the NII metric. 

The evidence reported in Table 3 suggests that: 

(i) the most penalizing scenario is not materially influenced by the measurement methodology adopted. In general, the choice 
of methodology does not alter the underlying nature of banks’ exposure to interest rate risk—given that the sample is 
predominantly asset-sensitive—but rather affects the magnitude of the exposure, as already highlighted in the previous 
discussion. 

(ii) an inverse relationship can be observed between the EVE and NII approaches. In general, banks tend to be exposed to an 
upward shock of +200 basis points under the economic value perspective and to a downward shock of −200 basis points under 
the earnings perspective.The pattern described under point (ii) is further illustrated by Figure 1, which comprises two panels 
showing the positioning of banks in the sample by jointly considering the results in terms of EVE and NII sensitivity under the 
parallel upward shock (PSU) and the parallel downward shock (PSD), as of the reporting date of 30 September 2025. In particular, 
the two panels plot banks’ exposure under the EVE approach on the horizontal axis and under the NII approach on the vertical 
axis, with reductions in economic value and net interest income indicated by negative values. In the left-hand panel, which 
reports exposure under the PSU scenario, most banks are concentrated above the zero threshold for NII and at negative EVE 
values, with all 25 banks showing a decline in economic value under this scenario. Only five banks exhibit a simultaneous decline 
in both economic value and net interest income. In the right-hand panel, representing risk exposure under the parallel downward 
shock, the majority of banks show a reduction in NII  associated with positive EVE values. Only four banks display negative EVE 
in this case, three of which also report negative NII values.  

 

 

 

 

 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 
 

Figure 1. Banks’ Positioning under Parallel Shock Up (EVE) and Parallel Shock Down (NII) Scenarios 

 

This asymmetry may introduce additional challenges for both asset and liability management (ALM) strategies and the design of 
hedging policies. Actions that improve the risk profile under one perspective may simultaneously worsen it under the alternative 
framework, a trade-off that becomes particularly binding for banks operating close to supervisory thresholds. In such cases, 
efforts to reduce exposure along one dimension may lead to a deterioration in the other. The relevance of this trade-off has 
been further amplified by recent regulatory developments, including the tightening of the EVE supervisory threshold from 20% 
to 15% and the introduction of a new 5% threshold for NII. Against this backdrop, and in light of the inverse relationship between 
EVE and NII highlighted in the previous analysis, the need for a comprehensive and integrated assessment of interest rate risk 
across both perspectives has become increasingly critical in the current regulatory environment.  

These findings have important implications for both supervisors and practitioners. From a supervisory perspective, they reinforce 
the importance of complementing standardized supervisory metrics with a qualitative assessment of banks' modelling 
assumptions, behavioral models and ALM strategies, particularly where EVE and NII provide conflicting signals. Such an 
integrated assessment may help distinguish differences arising from banks' business models from those reflecting 
methodological choices or risk management practices. From a managerial perspective, the opposite evidence of EVE and NII 
confirms that the two metrics capture different dimensions of interest rate risk and therefore should not be managed 
independently. Banks should increasingly adopt integrated ALM frameworks capable of jointly assessing both measures when 
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defining hedging strategies, capital allocation and risk appetite limits. These considerations could be further amplified by a 
potential revision of the prudential shock scenarios to reflect the proposal published by the Basel Committee in 2024. 

5. IRRBB governance 

The evolution of the prudential regulatory framework has placed increasing emphasis on key governance aspects, including the 
validation of behavioral models and the assessment of the related model risk, as set out in paragraphs 70 to 78 of the European 
Banking Authority Guidelines (EBA/GL/2022/14). Additional focus is devoted to the selection of interest rate shock scenarios 
under both normal and stressed conditions, as defined in subsections 4.3.3 and 4.3.4, as well as to the calibration of internal 
capital, taking into account both EVE and NII measurement approaches. In this context, IRRBB risk indicators are increasingly 
being incorporated into banks’ Risk Appetite Frameworks (RAFs), with the aim of monitoring the evolution of risk exposure 
alongside other risk categories and ensuring a forward-looking assessment of business resilience. 

5.1 Validation of NMD and model risk  

Within IRRBB risk management frameworks, both significant institutions (SIs) and less significant institutions (LSIs) make 
extensive use of internal behavioral models, as also evidenced by the results reported in Table 1, for the representation of non-
maturity deposits (NMDs), with the aim of achieving a more realistic assessment of the risk profile compared to the simplified 
methodologies set out in Annexes C and C-bis. 

Regulation (EU) 2024/857, in particular Article 8, provides specific guidance on the treatment of NMDs within the standardized 
framework, including criteria for the classification of deposits into stable and non-stable components, as well as, within the 
stable portion, into core and non-core elements. Although primarily designed for the standardized approach, these provisions 
also represent a useful reference for institutions adopting internal models, notwithstanding some differences arising from 
market practices. Behavioral models allow institutions to capture three key phenomena: (i) the pass-through effect, which 
reflects the adjustment of deposit rates to changes in market rates; (ii) the stability of outstanding balances and (iii) the scenario 
dependency, which captures the asymmetric and non-linear response of depositors to interest rate changes in terms of 
allocation decisions.  

According to paragraph 71 of the same Guidelines, the validation framework should include the following five core elements: (a) 
the evaluation of conceptual and methodological soundness, including development-related evidence; (b) ongoing model 
monitoring, including process verification and benchmarking; (c) outcomes analysis, including back-testing of key internal 
parameters (e.g. stability of deposits, loan prepayment rates, early redemption of deposits, and pricing of instruments); (d) a 
thorough assessment of any expert judgement used in internal models; and (e) the validation of diversification assumptions. 
These elements are essential to ensure the robustness and reliability of behavioral models used in IRRBB measurement. 

Based on the AIFIRM survey as of 30 September 2025, reported in Table 4, 18 out of 25 participating banks use internal 
behavioral models for non-maturity deposits. The survey highlights a widespread use of outsourcing in model development 
among LSIs (10 out of 11), whereas SIs show a higher degree of internal structuring (with only 1 out of 7 relying on external 
providers). Model validation activities are generally in place also among small and medium-sized institutions (10 out of 11), 
although they are not always performed by a dedicated internal function (2 out of 10). In some cases, validation is carried out 
by external consultants (3 out of 10), with the Risk Management function typically acting as the internal owner of the process. 
In one case, Internal Audit is identified as the owner, while in all other cases this role is assigned to Risk Management. The most 
common frequency for both the estimation of risk parameters and the execution of validation activities is annual. However, two 
banks report that validation is not performed on a regular basis, but only in response to regulatory and/or methodological 
changes. 

  Who develops the models (internal 
function vs external provider)? 

Does the bank 
currently perform 

validation? 

Who performs/will perform validation 
(internal function / external validator)? 

Bank 
Type 

Number 
of 

Banks 

Risk 
Management 

Model 
Development 

Function 

External 
Provider 

Yes No 
Not yet, 

but 
planned 

Risk 
Management 

Internal 
Validation 
Function 

External 
Validator 

Internal 
Audit 

SI 7 5 1 1 7 0 0 0 7 0 0 

LSI 11 1 0 10 7 4 3 4 2 3 1 

Total 18 6 1 11 14 4 3 4 9 3 1 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Table 4. Validation of Behavioral Models 

 

As shown in Table 5, among the 18 banks that use internal behavioral models for non-maturity deposits, 10 perform explicit 
assessments of model risk. This practice is fully adopted among significant institutions (7 out of 7) but remains less widespread 
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among LSIs and smaller non-complex institutions (3 out of 11). The allocation of internal capital to cover model risk is not a 
common practice (4 out of 10), both under normal and stressed conditions, regardless of bank type. The approaches adopted 
include both qualitative methods—such as self-assessment frameworks based on multi-level scoring scales—and quantitative 
techniques, including the use of empirical distributions of estimation errors (e.g. percentiles) and stress testing of key model 
parameters, such as beta coefficients.  

Overall, the survey indicates that the adoption of behavioral models has become a well-established practice across Italian banks, 
whereas the governance of model risk appears to be less mature. Although most institutions have introduced formal validation 
processes, the approaches adopted to assess model risk and to incorporate it into internal capital assessment remain 
heterogeneous, particularly among Less Significant Institutions (LSIs). These findings suggest that the development of behavioral 
models has progressed more rapidly than the corresponding governance framework and that a uniform approach to model risk 
management has not yet emerged across institutions. From a supervisory perspective, these findings might suggest that model 
risk governance is likely to remain an area of increasing supervisory attention, particularly in light of the enhanced regulatory 
expectations regarding model validation introduced by the new IRRBB framework. At the same time, for banks, the results 
underline the importance of complementing methodological sophistication with robust governance arrangements capable of 
integrating model risk more effectively into internal capital assessment and the broader risk management framework.  

 

  

Does the 
bank 

currently 
assess model 

risk?  

Does the bank allocate internal capital 
for model risk? 

Model risk assessment approach 

Bank 
Type 

Number 
of 

Banks 
YES NO 

In both 
baseline 

and 
stress 

scenarios 

In stress 
scenarios 

only 

In 
baseline 

scenarios 
only 

No 
Within the 

IRRBB 
framework 

As a 
separate, 
dedicated 

component 

Within the 
bank’s 
overall 

model risk 
framework 

Other 

SI 7 7 0 1 1 0 5 3 1 2 1 

LSI 11 3 8 2 0 0 1 0 1 0 2 

Total 18 10 8 3 1 0 6 3 2 2 3 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Table 5. Model Risk Assesment 

 

5.2 Capital adequacy and RAF 

The estimation of internal capital under both normal and stressed conditions—and in particular the selection of the relevant 
scenarios—represents a key element in the assessment of risk exposure within the internal capital adequacy framework. The 
European Banking Authority Guidelines (EBA/GL/2022/14) provide detailed guidance in this respect (paragraphs 22–31), to 
which reference is made for a comprehensive discussion. Among these, paragraph 23 is particularly relevant, as it clarifies that 
institutions are not expected to double-count internal capital for economic value and net interest income measures, including 
market value changes. However, the internal capital allocation methodology should take into account both IRRBB risk measures 
and explicitly assess their potential impact on internal capital. Further guidance is provided in paragraph 92 for normal conditions 
and paragraph 99 for stressed conditions, where the EBA outlines the principles that banks should follow when selecting the 
scenarios to be applied. The interpretation and practical application of these regulatory provisions have already been examined 
in previous AIFIRM position papers on IRRBB, to which reference is made for further discussion5. The AIFIRM survey as of 30 
September 2025 provides an updated view on these aspects, with the aim of identifying emerging market practices and any 
areas of convergence across banks. 

As reported in Table 6 the estimation of internal capital under normal conditions is carried out, for 15 out of 25 banks, by 
combining the evidence from both EVE and NII approaches. In the remaining 10 cases, internal capital is calculated exclusively 
on the basis of the EVE approach. A more frequent joint use of both approaches is observed among LSIs (13 out of 18) compared 
to significant institutions (SIs) (2 out of 7). Most banks rely on regulatory scenarios, with 14 out of 25 institutions using them 
under the EVE approach and 10 out of 15 under the NII approach. With specific reference to the EVE approach, some significant 
institutions adopt methodologies based on Value-at-Risk (VaR) (2 out of 7), and in one case internally developed interest rate 
scenarios are used. By contrast, LSIs show a more frequent reliance on specific scenarios within the regulatory set, with 4 out of 
18 institutions using parallel shock scenarios. 

 
5 For further details, reference is made to Section 2.5 in AIFIRM (2022) and to Sections 1.2 and 1.3 in AIFIRM (2021). 
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Overall, the evidence points to a heterogeneous set of methodological choices, characterized by a predominant use of regulatory 
scenarios and only limited instances of advanced customization, mainly observed among significant institutions. 

 

Bank 
Type 

Model 
type 

Number 
of Banks 

EVE 
Only 

EVE 
and NII 

Regulatory 
Scenarios 

(EVE) 

VaR-based 
Approaches 

(EVE) 

Internally 
Defined 

Scenarios 
(EVE) 

Regulatory 
Scenarios 

(NII) 

Internally 
Defined 

Scenarios (NII) 

SI Internal 7 5 2 4 2 1 1 1 

LSI Internal 11 3 8 7 0 3 5 1 

 All C 6 2 4 2 0 3 3 1 

 SSA 1 0 1 1 0 0 1 0 

Total  25 10 15 14 2 7 10 3 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Table 6. Internal Capital Estimation under IRRBB in Normal Conditions 

 

The estimation of internal capital under stressed conditions—adopted by all banks in the sample—is carried out by 20 out of 25 
institutions by jointly considering both EVE and NII approaches, while only 5 rely exclusively on the EVE approach, as reported in 
Table 7. This indicates a more widespread use of combined approaches under stress conditions compared to normal conditions. 
A total of 14 out of 25 banks apply more severe interest rate shocks than those used under normal conditions. 

By contrast, the adoption of more stringent integration criteria between EVE and NII, typically depending on the assumption of 
offsetting effects between the two approaches, remains limited (3 out of 25). 

This suggests that a fully integrated approach to internal capital estimation across EVE and NII is not yet fully established. Adverse 
changes in volumes of specific balance sheet items are considered by 8 banks, while 6 institutions report applying stress 
assumptions to behavioral model parameters. The explicit inclusion of basis risk remains relatively limited (4 out of 25). 

 

Bank 
Type 

Model 
type 

Number 
of Banks 

EVE 
Only 

EVE 
and NII 

More severe 
interest rate 
shocks than 

those applied 
under normal 

conditions 

More 
stringent 

criteria for 
integrating 
EVE and NII 

results 

Adverse 
changes in 
volumes of 

specific 
balance 

sheet items 

Stress 
assumptions on 

behavioral 
model 

parameters 

Significant 
changes in 

relationships 
between 
reference 

market rates 
(basis risk)  

SI Internal 7 3 4 4 0 4 3 3 

LSI internal 11 1 10 6 0 2 2 0 
 All C 6 1 5 3 3 2 1 1 
 SSA 1 0 1 1 0 0 0 0 

Total  25 5 20 14 3 8 6 4 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 
 

Table 7. Internal Capital Estimation under IRRBB in Stressed Conditions 

 
Finally, with reference to the integration of IRRBB risk indicators within the Risk Appetite Framework (RAF), as reported in Table 
8, 18 out of 25 banks (including 3 significant institutions) provided information on this aspect, reporting the thresholds adopted. 
Among these, 16 institutions consider the regulatory risk indicator based on the Supervisory Outlier Test (SOT), with reference 
to both the EVE and NII approaches, and define at least a Risk Capacity limit. 

Most banks set Risk Capacity thresholds in line with the regulatory limits of 15% for EVE and 5% for NII, with average values of 
14.83% and 4.95%, respectively. In addition, 14 out of 18 banks have also defined Risk Tolerance thresholds, with average levels 
of 12.73% under the EVE approach and 4.50% under the NII approach. 

The use of Early Warning thresholds is less widespread, with average values of 10.38% for EVE and 3.85% for NII. This evidence 
suggests that banks tend to align Risk Capacity thresholds with the regulatory limits under both the EVE and NII approaches, 
attesting to the central role of supervisory benchmarks in the calibration of RAF metrics.  
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EVE approach 

Bank type 
Number 
of banks 

Early Warning Risk tolerance Risk Capacity 

Number of 
banks 

Average value 
Number of 

banks 
Average 

value 
Number of 

banks 
Average value 

SI 3 1 9,00% 3 11,50% 3 14,83% 

LSI 14 8 10,57% 12 13,16% 14 14,85% 

Total 17 9 10,38% 15 12,90% 17 14,84% 

        

NII approach 

Bank type 
Number 
of banks 

Early Warning Risk tolerance Risk Capacity 

Number of 
banks 

Average value 
Number of 

banks 
Average 

value 
Number of 

banks 
Average value 

SI 3 1 4,00% 3 4,50% 3 4,92% 

LSI 14 8 3,84% 12 4,55% 14 4,96% 

Total 17 9 3,85% 15 4,54% 17 4,95% 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Table 8. IRRBB Risk Indicators and Thresholds within the Risk Appetite Framework (RAF) 

 
Overall, the survey indicates a gradual convergence towards supervisory expectations in the calibration of internal capital and 
Risk Appetite Framework (RAF) thresholds. Nevertheless, considerable diversity remains in the selection of stress scenarios and 
in the integration of the Economic Value of Equity (EVE) and Net Interest Income (NII) metrics within internal capital assessment 
frameworks. 

This evidence suggests that, despite the existence of a common regulatory framework, banks still retain a significant degree of 
methodological discretion in translating supervisory principles into their internal risk management practices. From a supervisory 
perspective, these findings reinforce the importance of complementing quantitative regulatory indicators with a qualitative 
assessment of the underlying methodological choices. 

At the same time, for banks they highlight the need to ensure greater consistency between internal capital assessment, stress 
testing and the overall risk appetite framework, so as to strengthen the integration of IRRBB within strategic decision-making 
processes. 

6 CSRBB: Measurement and Management Framework 

The introduction of credit spread risk in the banking book (CSRBB) represents one of the most relevant innovations of the new 
regulatory framework. CSRBB is defined as the risk arising from changes in market prices attributable to credit risk, liquidity 
conditions and other characteristics of financial instruments sensitive to credit risk, which are not already captured within other 
prudential frameworks, such as interest rate risk in the banking book (IRRBB) or credit risk (including expected default risk). 
CSRBB specifically captures changes in market credit spreads while holding the credit quality of the counterparty constant, i.e. 
by considering the evolution of spreads within the same rating class or level of probability of default. 

CSRBB is specifically addressed in Sections 4.5 and 4.6 of the EBA Guidelines (EBA/GL/2022/14) and further clarified in the EBA 
Heatmap 2026. The implementation of these provisions within banks’ risk management frameworks has brought to light several 
key aspects of particular relevance. 

These include: (i) the definition of the measurement perimeter; (ii) the measurement metrics adopted; (iii) the components 
included in the measurement; and (iv) specific governance aspects, such as the inclusion of CSRBB within the risk map, the 
allocation of internal capital, and the introduction of dedicated risk indicators within the Risk Appetite Framework (RAF). Overall, 
the survey suggests that the implementation of the CSRBB framework is still evolving and has not yet reached the same level of 
maturity observed for IRRBB. As discussed in Sections 6.1 to 6.4, although most institutions have already introduced 
measurement methodologies and monitoring processes, considerable differences remain with respect to governance 
arrangements, the perimeter of application, internal capital assessment and the integration of CSRBB within the Risk Appetite 
Framework. 

These findings suggest that CSRBB still leaves banks with considerable methodological discretion, resulting in heterogeneous 
implementation choices. This evidence is consistent with the relatively recent introduction of the framework and indicates that 
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CSRBB is likely to remain one of the main areas of supervisory attention in the coming years, while banks will be required to 
further strengthen governance processes and progressively integrate this risk into their broader risk management architecture. 

6.1 The definition of the measurement perimeter  

With regard to the definition of the CSRBB measurement perimeter, paragraph 124 of the EBA Guidelines (EBA/GL/2022/14) 
establishes that institutions should not exclude any banking book instruments ex ante, including assets, liabilities, derivatives 
and off-balance-sheet items (such as loan commitments), irrespective of their accounting treatment. 

Any exclusions from the perimeter are permitted only where the absence of sensitivity to credit spread risk can be demonstrated; 
such exclusions must be adequately justified, documented and subject to internal control processes. In any case, assets 
measured at fair value cannot be excluded. In addition, according to paragraph 122 of the Guidelines, non-performing exposures 
are excluded from the CSRBB perimeter. 

Further clarification has been provided in IRRBB heatmap implementation published by EBA (2026), which specifies that the 
CSRBB scope should not be limited to IFRS 13 Level 1 and Level 2 instruments, but should also extend to Level 3. In particular, 
institutions should consider not only instruments measured at fair value, but also those accounted for at amortized cost, where 
they exhibit material sensitivity to credit spreads. 

In other words, all assets and liabilities whose credit spread risk can be inferred from market prices—either directly or 
indirectly—or estimated through models consistent with market evidence should be included in the CSRBB perimeter, regardless 
of their accounting treatment. 

The EBA has also clarified that management intent (e.g. hold-to-maturity or non-trading designation) does not constitute 
sufficient justification for exclusion, as financial instruments may still be sensitive to changes in market credit spreads. In addition, 
instruments subject to CVA or counterparty credit risk treatment should not be excluded solely on this basis, as the presence of 
CVA-related risks does not preclude the relevance of CSRBB. Similarly, derivatives should only be excluded where they do not 
exhibit material credit spread risk6. 

Finally, own issuances—other than equity instruments—should be included in the CSRBB perimeter, in line with the principle of 
linking CSRBB measurement to observable market conditions and market perceptions of credit risk, distinct from idiosyncratic 
credit spread components. 

The EBA Report (EBA/REP/2026/02) also highlights that it is generally preferable for institutions to adopt a common perimeter 
of instruments under both the EVE and NII perspectives, as this enhances consistency in risk measurement, reduces operational 
complexity and facilitates internal and supervisory comparability. 

As a consequence, the CSRBB measurement perimeter is defined ex ante in a broad manner and independently of accounting 
classification, while any exclusion of specific items requires a case-by-case assessment of materiality, supported by appropriate 
documentation and justification. In defining the operational perimeter, institutions have often referred to the guidance provided 
by the European Banking Federation (EBF) in its July 2023 paper, which highlights that credit spread risk is typically relevant for 
instruments that are directly or indirectly linked to observable market prices or benchmark yield curves. 

The European Banking Federation (EBF) has also developed a decision tree, based on the principles set out in its position paper, 
to support the inclusion or exclusion of instruments within the CSRBB perimeter. This framework identifies four main categories 
of instruments to be included in the perimeter: (i) instruments for which a liquid market exists; (ii) instruments traded in less 
liquid markets; (iii) instruments whose pricing is explicitly linked to quoted instruments; and (iv) instruments that are not traded 
on markets but for which observable transactions are available. Conversely, instruments for which no identifiable price 
component can be attributed to market credit spreads may be excluded from the CSRBB perimeter, subject to appropriate 
analysis and documentation. 

Based on the evidence from the AIFIRM survey as of 30 September 2025, reported in Figure 2, all banks in the sample measure 
CSRBB for the HTCS securities portfolio7, which represents the minimum mandatory perimeter explicitly identified by the EBA 
Guidelines. Almost all banks, with only one exception8, also include the HTC portfolio within the measurement perimeter; this 
includes all significant institutions (SIs). 

However, two institutions report that they do not set limits or allocate internal capital for the HTC portfolio. A total of 11 out of 
25 banks include own issuances  within the CSRBB perimeter. With reference to commercial banking activities, only four banks 
measure CSRBB also for client-related operations (loans and deposits). Among these, two institutions report that such 
measurement is performed for monitoring purposes only, without the definition of limits or internal capital allocation.  

 
6 The survey did not, however, investigate in detail the approaches adopted by banks with respect to this specific aspect, as it was not discussed 

within the Commission's working group that defined the survey. These discussions took place before the publication of the IRRBB Heatmap 

Implementation by the EBA (2026). 
7 16 out of 16 banks, while 2 banks in the sample don’t have an HTCS portfolio as of the date of the survey. 
8 17 out of 18 banks. 
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Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Figure 2. CSRBB Measurement Perimeter  

 
6.2 Components of CSRBB 

In accordance with paragraph 120 of the EBA Guidelines (EBA/GL/2022/14), CSRBB is determined by the combination of two 
main components: 

(a) changes in market credit spreads, or the market price of credit risk, representing the premium required by investors for 
bearing credit risk at a given level of credit quality; 

(b) changes in market liquidity spreads, representing the premium required by investors for holding less liquid instruments and 
reflecting the availability of buyers and sellers in the market. 

According to paragraph 121 of the same Guidelines, CSRBB is independent of changes in credit quality over the observation 
period, such as rating upgrades or downgrades of a counterparty or instrument, which instead fall within the scope of migration 
risk. 

Therefore, any deterioration or improvement in credit quality should not be reflected in the measurement of CSRBB. 
Furthermore, market credit spreads must be distinguished from idiosyncratic credit spreads, which reflect the specific risk of an 
individual counterparty and incorporate factors such as sector, geographical area and instrument-specific characteristics (e.g. 
bonds or derivatives). 

In line with paragraph 156 of the EBA Guidelines (EBA/GL/2022/14), institutions may, under the principle of proportionality, 
include idiosyncratic components in the measurement of CSRBB, provided that this leads to a more conservative assessment of 
risk exposure.  

The EBA Report (EBA/REP/2026/02) highlights that challenges remain in the treatment of idiosyncratic spread components, with 
many institutions applying the exemption provided under paragraph 156 of the EBA Guidelines (EBA/GL/2022/14), citing 
proportionality considerations, implementation constraints and concerns about potential double counting. 

Based on the evidence from the AIFIRM survey as of 30 September 2025, all banks in the sample include the market credit spread 
component in their CSRBB analysis. By contrast, 12 institutions also consider the market liquidity spread component9, while 7 

 
9 However, the information collected does not allow for a precise assessment of whether institutions reporting the inclusion of only the market 
credit spread component explicitly exclude the market liquidity spread component, or whether the latter may be implicitly incorporated (e.g. 
through the use of spread curves by rating class and macro-sector). 
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banks report including idiosyncratic risk components in their analysis, which are instead excluded by the remaining 18 institutions 
(Figure 3). No significant differences emerge across bank size categories (SIs versus LSIs). 

 

 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Figure 3. CSRBB Components 

6.3 CSRBB Measurement  

The prudential regulatory framework does not provide detailed or standardized guidance on the measurement of credit spread 
risk in the banking book (CSRBB) under either the EVE or the NII perspective. In particular, Bank of Italy Circular No. 285/2013, 
Part One, Title III, Chapter 1, requires institutions to assess their exposure to this risk with reference to banking book positions, 
considering its impact under both the EVE and NII perspectives, while referring to the EBA Guidelines (EBA/GL/2022/14) for 
further details10. However, the Guidelines largely rely on principles-based requirements, leaving institutions responsible for 
developing methodologies and assumptions that are consistent with their business model and level of operational complexity11. 
Recently, EBA (2026) highlights the existence of a wide range of practices in the measurement of CSRBB under both NII and EVE 
perspectives. Particularly, under the NII approach, the constant balance sheet assumption is the most commonly adopted, often 
combined with scenario-based analyses using parallel or calibrated spread shocks. More advanced institutions also employ 
dynamic balance sheet models and market-based calibrations. Under the EVE perspective, the run-off balance sheet assumption 
is generally applied, typically complemented by revaluation techniques based on discounted cash flow models and different 
shock calibration approaches. Based on the evidence from the AIFIRM survey as of 30 September 2025 (see Figure 4), the large 
majority of banks (17 out of 24) measure CSRBB with reference to both EVE and NII metrics. Within the economic value 
perspective, most institutions adopt spread sensitivity measures, while three banks use Value-at-Risk (VaR) metrics (in one case 
complemented by a CS01 measure). With regard to NII metrics, the most commonly adopted approach is also based on spread 
sensitivity, with only one bank reporting the use of a VaR/Earnings-at-Risk (EaR) framework. The shocks applied in the analysis 
are typically internally calibrated, often based on historical scenarios. 

 
 

Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 
 

Figure 4. CSRBB Measurement under the EVE and NII Approaches. 

 
10 See Sections 4.5 and 4.6 (paragraphs 120–161). 
11 Among the various provisions set out in the guidelines, paragraph 152 requires institutions to adopt robust internal measurement systems 
capable of capturing all relevant CSRBB components and sources in line with their business model; paragraph 153 states that institutions 
should measure and monitor the overall impact of key modelling assumptions across different CSRBB metrics, making use of the 
complementarity of alternative approaches to capture the risk profile over both short- and long-term horizons; paragraph 154 establishes that 
institutions should develop their own methodologies and assumptions for CSRBB measurement, ensuring that the chosen approach is 
consistent with their level of operational complexity. 
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6.4 CSRBB governance 

The integration of CSRBB into internal risk management processes has required institutions to assess the materiality of this risk 
and, where deemed material, to include it within the risk map, as well as to perform a dedicated capital adequacy assessment 
within the ICAAP framework, potentially leading to the allocation of internal capital. In addition, institutions are required to 
evaluate the inclusion of CSRBB within the Risk Appetite Framework (RAF).  The need to consider internal capital is explicitly 
recalled in paragraph 12 of the EBA Guidelines (EBA/GL/2022/14), within the general provisions, according to which institutions 
should assess and monitor CSRBB in an explicit and comprehensive manner within their risk management and internal capital 
assessment processes. In this regard, the EBA Report (EBA/REP/2026/02) highlights that, where deemed material, the outcomes 
of the CSRBB capital adequacy assessment should be reflected in institutions’ ICAAP and appropriately integrated into the overall 
capital assessment process. Many institutions already treat CSRBB as a distinct risk class, in line with supervisory expectations. 

Based on the AIFIRM survey as of 30 September 2025, 22 out of 25 participating banks have included CSRBB within their risk 
map. With reference to the ICAAP 2025 process, the AIFIRM survey (see Figure 5) shows that 15 banks have allocated internal 
capital to CSRBB. Among these, 10 institutions calculate capital requirements based on exposures measured on both HTCS and 
HTC portfolios, 2 only on the HTCS portfolio, and 2 on an extended perimeter that also includes client-related activities. 

 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 

 
Figure 5. Allocation of Internal Capital for CSRBB  

The concept of risk appetite is explicitly addressed in Section 4.5 of the EBA Guidelines (EBA/GL/2022/14), and in particular in 
paragraph 126, which states that institutions’ CSRBB strategy—including their CSRBB risk appetite—should be embedded within 
the overall business strategy, and in particular within strategic and risk objectives, and must be approved by the management 
body. Based on the evidence from the AIFIRM survey as of 30 September 2025 (see Figure 6), and consistently with the 
measurement metrics adopted, only 8 banks include a dedicated CSRBB indicator within their Risk Appetite Framework (RAF), 
equally split between significant institutions (SIs) and less significant institutions (LSIs). The most frequently used indicator is the 
sensitivity of economic value (EVE sensitivity), often complemented by an NII sensitivity metric. Among the banks that have 
introduced a CSRBB indicator in the RAF, half have currently defined only Early Warning thresholds, while the remaining 
institutions have also defined risk tolerance thresholds or are still in the process of calibration. 
 

 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 
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In addition, 3 banks report plans to introduce a CSRBB indicator within their RAF by 2026, as further illustrated in Figure 7, 
summarizing banks’ expectations regarding the evolution of their methodological frameworks. With regard to this aspect, only 
10 banks provided feedback. The area most affected by potential developments is the measurement perimeter, with 5 
institutions reporting plans to extend it—either to the entire banking book or, at least, to include client-related activities. In 
addition, 4 banks report planned methodological enhancements, while 1 institution indicates a comprehensive revision of its 
overall framework. 
 

 
 
Note: Authors’ elaborations based on the AIFIRM survey conducted on a sample of 25 Italian banks within the IRRBB Commission. 
 

Figure 7. Planned Developments in CSRBB Frameworks 

7. Conclusions and policy implications  

The empirical evidence reported in the AIFIRM survey, based on a sample of 25 Italian banks observed at 31 December 2023, 31 
December 2024 and 30 September 2025, provides an updated overview of the implementation of the new IRRBB and CSRBB 
regulatory framework approximately one years after its introduction. Overall, the evidence is consistent with a progressive 
adaptation of banks' risk management practices to the new supervisory framework, while at the same time highlighting the 
persistence of important differences in modelling approaches, governance arrangements and implementation choices across 
institutions.  

With regard to IRRBB, the survey shows that the observed evolution in banks' exposure coincides with a gradual transition from 
simplified supervisory methodologies towards internal models and a broader adoption of behavioral models for non-maturity 
deposits, particularly among Less Significant Institutions (LSIs). At the same time, the evidence suggests that differences in IRRBB 
exposure continue to reflect not only institution-specific characteristics and business models, but also the methodological 
discretion left by the regulatory framework in areas such as the treatment of commercial margins, behavioral assumptions, basis 
risk and embedded optionality. The subsequent reduction in reported exposures over the observation period appears consistent 
with a progressive refinement of measurement methodologies and with the increasing role of asset and liability management 
(ALM) strategies in managing interest rate risk during a period characterized by markedly different monetary policy conditions. 

From a governance perspective, the survey indicates a gradual convergence towards supervisory expectations in areas such as 
internal capital assessment, validation practices and the integration of IRRBB within the Risk Appetite Framework. Nevertheless, 
considerable heterogeneity remains in the governance of behavioral models and model risk, particularly among LSIs, suggesting 
that the development of modelling techniques has progressed more rapidly than the corresponding governance framework. This 
evidence highlights model risk governance as an area likely to remain under close supervisory scrutiny as expectations regarding 
model validation continue to evolve. 

A similar pattern emerges for CSRBB. Although most institutions have already introduced measurement methodologies and 
monitoring processes, governance arrangements, internal capital assessment and RAF integration remain less developed than 
for IRRBB and continue to display considerable heterogeneity. These findings suggest that, despite the existence of a common 
regulatory framework, CSRBB implementation is still evolving and that further convergence of market practices is likely to occur 
over the coming years. 

Taken together, the findings suggest that the Italian banking system has made substantial progress in implementing the new 
IRRBB and CSRBB framework. At the same time, the survey highlights that important differences persist in modelling practices, 
governance arrangements and risk management approaches across institutions. These differences should not necessarily be 
interpreted as weaknesses, but rather as evidence of a regulatory framework that still allows considerable methodological 
discretion and whose practical implementation is continuing to evolve. 

From a supervisory perspective, the findings reinforce the importance of complementing standardized regulatory metrics with 
a qualitative assessment of banks' modelling assumptions, governance arrangements and risk management practices. For banks, 
they underline the need to ensure that the increasing sophistication of measurement methodologies is accompanied by equally 
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robust governance processes, effective model risk management and a stronger integration of IRRBB and CSRBB into strategic 
decision-making, internal capital assessment and the Risk Appetite Framework. 

Looking ahead, the recalibration of interest rate shock scenarios by the Basel Committee in 2024 may further affect banks’ risk 
exposure12. As noted in EBA/REP/2026/02, their impact will be assessed through quantitative impact studies (QIS) and ongoing 
dialogue with competent authorities, with a view to evaluate the potential need for revisions to the existing regulatory technical 
standards. Particular attention should also be paid to the IASB’s  Risk Mitigation Accounting (RMA) project, which may influence 
the interaction between accounting and prudential frameworks in the measurement of interest rate risk. Although the draft 
framework has recently been finalized, its effective introduction and implementation remain subject to further developments 
and discussions with the industry. 

The findings also support the view that the recent regulatory evolution has already contributed—and is expected to further 
contribute—to strengthening banks’ risk management practices, enhancing resilience and fostering a stronger and more 
widespread risk culture with respect to IRRBB. This increased focus on interest rate risk reflects not only the recent regulatory 
developments, but also the renewed attention following episodes of stress in the banking sector, including the US banking 
turmoil. The current regulatory and market environment has also promoted more intensive interaction between banks and 
supervisors, supporting a constructive dialogue aimed at improving the understanding and assessment of underlying risk drivers, 
in line with the principles set out in the regulatory framework. At the same time, it has increased the attention of market 
participants— including academia, consulting firms and industry associations —towards the identification of methodological and 
process solutions aimed at supporting the ongoing strengthening of IRRBB risk management practices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
12 The recalibrated interest rate shock scenarios are defined in BCBS (2024). 
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  S


  𝜙 ( x )


   ℝ 2


    x 1 = ( 1 , 2 ) ,   x 2 = ( 2 , 3 ) ,   x 3 = ( 3 , 4 )


  𝜙 ( x ) = (   x 1 2 ,  2   x 1   x 2 ,   x 2 2 )


   ℝ 3


  𝜙 (   x 1  )  T 𝜙 (   x 2 ) = (  1 2 ,  2 ⋅ 1 ⋅ 2 ,  2 2 ) ⋅ (  2 2 ,  2 ⋅ 2 ⋅ 3 ,  3 2 ) = ( 1 , 2 . 828 , 4 ) = 1 ⋅ 4 + 2 . 828 ⋅ 8 . 485 + 4 ⋅ 9 ≈ 4 + 24 + 36 = 64


  K ( x , y ) = (   x  T y  ) 2


  𝜙 ( x ) : K (   x 1 ,   x 2 ) = ( 1 ⋅ 2 + 2 ⋅ 3 ) = ( 2 + 6  ) 2 =  8 2 = 64


  K ( x , y ) =   x  T y


  K  ( x , y ) =    (   x  T y + c )  d


  d


  c


  c = 1


  K  ( x , y ) =  exp ⁡  ( − 𝛾    ‖ x − y ‖ 2 )


  𝛾


  𝛾


  𝛾


  K  ( x , y ) =     ⁡  ⁡   ( 𝛾   x  T y + c )


  tanh


  𝛾


  𝐰


  ‖ 𝐰  ‖ 2


  ‖ 𝐰  ‖ 2


  ‖ 𝐰  ‖ 2


    x  i j ′ =     x  i j −   𝜇  j    𝜎  j  


    𝜇  j =  1  N   ∑  i = 1  N    x  i j


    𝜎  j =   1  N   ∑  i = 1  N (   x  i j −   𝜇  j  ) 2


  j


  𝐰


  C


    𝜀


  2 𝜀


  𝐦 𝐢 𝐧  1 2 ‖ 𝐰  ‖ 2 + C   ∑  i = 1  N (   𝜉  i +   𝜉  i ∗ )


    y  i − (   𝐰  T   x  i + b ) ≤ 𝜀 +   𝜉  i


  (   𝐰  T   x  i + b ) −   y  i ≤ 𝜀 +   𝜉  i ∗


    𝜉  i ≥ 0


    𝜉  i ∗ ≥ 0


    𝜉  i


  i


    𝜉  i ∗


  i


  i


    𝛼  i


    𝛼  i ∗


    𝛼  i


    𝛼  i ∗


   1 2   ∑  i = 1  N    ∑  i = 1  N  (   𝛼  i −   𝛼  i ∗ ) (   𝛼  j −   𝛼  j ∗ ) K (   x  i ,   x  j ) + 𝜀   ∑  i = 1  N (   𝛼  i +   𝛼  i ∗ ) −   ∑  i = 1  N    y  i (   𝛼  i −   𝛼  i ∗ )


    ∑  i = 1  N (   𝛼  i −   𝛼  i ∗ ) = 0


  0 <   𝛼  i ,   𝛼  i ∗ < C , ∀ i


  K  (   x  i ,   x  j )


    𝛼  i ≠ 0


    𝛼  i ∗ ≠ 0


    𝛼  i > 0


    𝛼  i ∗ < C


    b ∗ =   y  s − 𝜀 ⋅ s i g n (   𝛼  s −   𝛼  s ∗ ) −   ∑  i = 1  N (   𝛼  i −   𝛼  i ∗ ) K (   x  i ,   x  s )


    b ∗ =  1   | S |   ∑  s ∈ S [   y  s − 𝜀 ⋅ s i g n (   𝛼  s −   𝛼  s ∗ ) −   ∑  i = 1  N (   𝛼  i −   𝛼  i ∗ ) K (   x  i ,   x  s ) ]


  f ( x ) =   ∑  i = 1  N (   𝛼  i −   𝛼  i ∗ ) K (   x  i , x ) + b


  K  (   x  i , x )


  𝛼 ≠ 0


    𝛼 ∗ ≠ 0


    ∑  i    x  i | i ⟩


  A 𝐱 = 𝐛


  k


  k


  A


  𝜙 ( 𝐱 )


  𝐱 ∈  ℝ  n


  𝐱 ↦ | 𝜙 ( 𝐱 ) ⟩ =   U  𝜙 ( 𝐱 ) | 0 ⟩


    U  𝜙 ( 𝐱 ) | 0 ⟩


  𝐱


  | 0 ⟩


  ℋ


    k  Q (   x  i ,   x  j ) = | ⟨ 𝜙 (   𝐱  i ) | 𝜙 (   𝐱  j ) ⟩  | 2


  ℋ


    k  Q (   𝐱  i ,   𝐱  j ) = ⟨ 𝜙 (   𝐱  i ) | 𝜙 (   𝐱  j ) ⟩


    𝛼  i


  | 𝜙 ( 𝐱 ) ⟩


    k  Q (   𝐱  i ,   𝐱  j )


  ℋ


    𝐦 𝐢 𝐧  𝐰 , 𝝃  1 2 ‖ 𝐰  ‖ 2 + C   ∑  i = 1  N    𝜉  i s.t.    y  i ( ⟨ 𝐰 ,   𝜙  Q (   𝐱  i ) + b ⟩ ) ≥ 1 −   𝜉  i ;   𝜉  i ≥ 0 , ∀ i = 1 , … , N


    𝜙  Q (   𝐱  i ) =  | 𝜙  (   𝐱  i ) ⟩


  i


  ⟨ 𝐰 ,   𝜙  Q (   𝐱  i ) ⟩


  ℋ


  𝐰


  ℋ


  𝐰 =   ∑  j = 1  N    𝛽  j | 𝜙 (   𝐱  j ) ⟩


    𝛽  j ∈ ℝ


  ℋ


  𝐰


  𝐰


  ‖ 𝐰  ‖ 2 = ⟨ 𝐰 , 𝐰 ⟩ =   ∑  i = 1  N    ∑  i = 1  N    𝛽  j   𝛽  k ⟨ 𝜙 (   𝐱  j ) | 𝜙 (   𝐱  k ) ⟩


  ⟨ 𝐰 ,   𝜙  Q (   𝐱  i ) ⟩ =   ∑  j = 1  N    𝛽  j ⟨ 𝜙 (   𝐱  j ) | 𝜙 (   𝐱  i ) ⟩


   (   𝐰 ∗ ,   𝐛 ∗ )


  𝐱


  f ( 𝐱 ) = ⟨   𝐰 ∗ ,   𝜙  Q ( 𝐱 ) ⟩ +   𝐛 ∗


    𝐰 ∗


  f ( 𝐱 ) =   ∑  j = 1  N    𝛽  j ∗ ⟨ 𝜙 (   𝐱  j ) | 𝜙 ( 𝐱 ) ⟩ +   𝐛 ∗


  ⟨ 𝜙 (   𝐱  j ) | 𝜙 ( 𝐱 ) ⟩


  L ( 𝐰 , b , 𝝃 , 𝜶 , 𝝁 ) =  1 2 ‖ 𝐰  ‖ 2 + C   ∑  i = 1  N    𝜉  i −   ∑  i = 1  N    𝛼  i [   y  i ( ⟨ 𝐰 ,   𝜙  Q (   𝐱  i ) ⟩ + b ) − 1 +   𝜉  i ] −   ∑  i = 1  N    𝜇  i   𝜉  i


    𝜕 L  𝜕 𝐰 = 𝐰 −   ∑  i = 1  N    𝛼  i   y  i   𝜙  Q (   𝐱  i ) = 0 ⇒   𝐰 ∗ =   ∑  i = 1  N    𝛼  i ∗   y  i   𝜙  Q (   𝐱  i )


    𝜕 L  𝜕 b = −   ∑  i = 1  N    𝛼  i   y  i = 0 ⇒   ∑  i = 1  N    𝛼  i ∗   y  i = 0


    𝜕 L  𝜕   𝜉  i = C −   𝛼  i −   𝜇  i = 0 ⇒   𝛼  i ∗ ≤ C ,   𝜇  i ∗ = C −   𝛼  i ∗


    𝐦 𝐚 𝐱  𝜶   ∑  i = 1  N    𝛼  i −  1 2   ∑  i = 1  N    ∑  j = 1  N    𝛼  i   𝛼  j   y  i   y  j   k  Q  (   𝐱  i ,   𝐱  j )  s.t.  0 ≤   𝛼  i ≤ C ,   ∑  i = 1  N    𝛼  i   y  i = 0 ;


    k  Q (   𝐱  i ,   𝐱  j )


  | 𝜙 (   𝐱  i ) ⟩


    U  𝜙 † (   𝐱  j )


  | 0 ⟩


  | ⟨ 𝜙 (   𝐱  i ) | 𝜙 (   𝐱  j ) ⟩  | 2


  | 𝜙 (   𝐱  i ) ⟩


  | 𝜙 (   𝐱  j ) ⟩


    K  Q


    𝛼  i


    𝜕 L  𝜕   𝛼  k = 1 −   ∑  j = 1  N    𝛼  j   y  j   y  k   k  Q (   𝐱  j ,   𝐱  k )


    𝛼  i


    𝛼  i ∗


  0 <   𝛼  i ∗ < C


    𝐱  S


    y  s  (   ∑  i = 1  N    𝛼  i ∗   y  i   k  Q (   𝐱  i ,   𝐱  s ) +   b ∗ ) = 1


    b ∗ :     b ∗ =   y  s −   ∑  i = 1  N    𝛼  i ∗   y  i   k  Q (   𝐱  i ,   𝐱  s )


    b ∗ =  1   | S |   ∑  s ∈ S [   y  s −   ∑  i = 1  N    𝛼  i ∗   y  i   k  Q (   𝐱  i ,   𝐱  s ) ]


  𝐱


  f ( 𝐱 ) =   ∑  i = 1  N    𝛼  i ∗   y  i   k  Q (   𝐱  i , 𝐱 ) +   b ∗


  ℋ


    𝐦 𝐢 𝐧  𝐰 , 𝝃 ,   𝝃 ∗  1 2  ‖ 𝐰  ‖ 2 + C   ∑  i = 1  N (   𝜉  i +   𝜉  i ∗ )


    y  i −  (  ⟨ 𝐰 ,   𝜙  Q  (   𝐱  i ) ⟩ + b ) ≤ 𝜀 +   𝜉  i


   (  ⟨ 𝐰 ,   𝜙  Q  (   𝐱  i ) ⟩ + b ) −   y  i ≤ 𝜀 +   𝜉  i ∗


    𝜉  i ≥ 0  


    𝜉  i ∗ ≥ 0 .


  𝐰


  ℋ


  b


    𝜉  i


    𝜉  i ∗


  C


    𝜙  Q (   𝐱  i ) = | 𝜙 (   𝐱  i ) ⟩


  i


  𝐰


   (   𝐰 ∗ ,   𝐛 ∗ )


  f ( 𝐱 ) = ⟨   𝐰 ∗ ,   𝜙  Q ( 𝐱 ) ⟩ +   b ∗


    𝐰 ∗


  f ( 𝐱 ) =   ∑  j = 1  N    𝛽  j ∗ ⟨ 𝜙 (   𝐱  j ) | 𝜙 ( 𝐱 ) ⟩ +   b ∗


  ⟨ 𝜙 (   𝐱  j ) | 𝜙 ( 𝐱 ) ⟩


  ℋ


  ℋ


    𝐦 𝐢 𝐧  𝜶 ,   𝜶 ∗  1 2   ∑  i = 1  N    ∑  j = 1  N    ( 𝛼  i −   𝛼  i ∗ ) (   𝛼  j −   𝛼  j ∗ )   k  Q (   𝐱  i ,   𝐱  j ) + 𝜀   ∑  i = 1  N (   𝛼  i +   𝛼  i ∗ ) −   ∑  i = 1  N    y  i (   𝛼  i −   𝛼  i ∗ )


    ∑  i = 1  N    ∑  j = 1  N    ( 𝛼  i −   𝛼  i ∗ ) (   𝛼  j −   𝛼  j ∗ )   k  Q (   𝐱  i ,   𝐱  j )


  𝜀   ∑  i = 1  N (   𝛼  i +   𝛼  i ∗ )


  𝜀


  −   ∑  i = 1  N    y  i (   𝛼  i −   𝛼  i ∗ )


    y  i


    ∑  i = 1  N (   𝛼  i −   𝛼  i ∗ ) = 0


   {    0 ≤   𝛼  i ≤ C , ∀ i   0 ≤   𝛼  i ∗ ≤ C , ∀ i


  i


  j


    ( 𝛼  i ,   𝛼  i ∗ )


  f ( 𝐱 ) =   ∑  i = 1  N (   𝛼  i  −   𝛼  i ∗ )   k  Q (   𝐱  i , 𝐱 ) +   b ∗


    b ∗


    𝛼  i  > 0 ,     𝛼  i ∗ < C


    b ∗ =   y  s − 𝜀 ⋅ s i g n (   𝛼  s  −   𝛼  s ∗ ) −   ∑  i = 1  N (   𝛼  i  −   𝛼  i ∗ )   k  Q (   𝐱  i ,   𝐱  s )


    b ∗ =  1   | S |   ∑  s ∈ S [   y  s − 𝜀 ⋅ s i g n (   𝛼  s  −   𝛼  s ∗ ) −   ∑  i = 1  N (   𝛼  i  −   𝛼  i ∗ )   k  Q (   𝐱  i ,   𝐱  s ) ]


  S


  Z = 1 . 2   W C  T A + 1 . 4   R E  T A + 3 . 3   E B I T  T A + 0 . 6   M E  T L + 1 . 0   S  T A


  ε


  ε


  C ∈ { 0 . 1 , 1 , 10 , 25 , 50 , 100 }


  ε ∈ { 0 . 05 , 0 . 1 , 0 . 5 }


  [ 1 , 10000 ]


  G R


  G a p R a t i o =     RMSE  out −   RMSE  in    RMSE  out × 100


  RMSE


    RMSE  out


    RMSE  out


  G a p R a t i o


    RMSE  out


  C = 10


  𝜀 = 0 . 1


  RMSE


  C = 10


  C = 10


  𝜀 = 0 . 1


  RMSE


  RMSE


    RMSE  out


    RMSE  out = 2 . 616


  GR=3.9%


  GR=7.6%


  C = 10


  𝜀 = 0 . 1


  RMSE


  Z


  ZZ


  ZZ


  𝜙 ( S , x )


   {      x  i  if  S =  { i }         ( 𝜋 −   x  i ) ( 𝜋 −   x  j )  if  S = { i , j }


  S = { i }


  Z


  S = { i , j }


  ZZ


  d


  | 0 ⟩


  Z


  ZZ


  Z


  ZZ


   (   x  i ,   x  j )


    x  i   x  j


  r e p s ∈ { 1 , 2 }


  r e p s


  x


  U ( x )


  | 𝜓 ( x ) ⟩ = U ( x ) | 0 ⟩


  K ( x , z ) = F ( x , z ) = | ⟨ 𝜓 ( x ) | 𝜓 ( z ) ⟩  | 2


  x


  z


  ⟨ 𝜓 ( x ) | 𝜓 ( z ) ⟩ =   ∑  i = 0   2  n − 1    𝜓  i ( x  ) ∗ 𝜓 ( z )


  r e p s = 1


  r e p s = 2


  C = 10


  𝜀 = 0 . 1


  Default =  {    1 ⟹ if the firm defaults   0 ⟹ otherwise                


  Balance Ratio =   # Default  # No Default


  C ∈ ( 0 . 1 , 1 , 10 , 25 )


  𝛾 ∈ ( 0 . 001 , 0 . 01 , 0 . 1 , 1 )


  𝛾


    T N + T P  T N + F P + F N + T P


  T P


  T N


  F P


  F N


  AccuracyGap =   Accuracy  I S −   Accuracy  O O S


  AccuracyGapRatio =  (   AccuracyGap    Accuracy  I S ) × 100


  C


  𝛾


  A c   c  I N


  A c   c  O U T


  A c   c  g a p


  A c   c  g a p   R a t i o


  C = 0 . 1


  𝛾 = 0 . 1


  A v g   A c   c  o u t


  0 . 9385 ± 0 . 0009


  M i n   A c   c  o u t


  0 . 9363


  M a x   A c   c  o u t


  0 . 9410


  A v g   A c   c  g a p


  0 . 0021 ± 0 . 0011


  A v g   A c   c  g a p   R a t i o


  0 . 22 %


  R ∈ {   R  x ,   R  y ,   R  z }


  𝐱 = (   x 1 ,   x 2 , … ,   x  n ) ∈  ℝ  n


     ⨂  i = 1  n   R  𝛼 ( f (   x  i ) ) | 0 ⟩


  𝛼 ∈ { x , y , z }


  f (   x  i )


    R  x


  𝜋


  2 𝜋


    R  y


    R  z


    R  x


    R  y


    R  z


    R  z


  H


    R  z ( 𝜃 )


   (      e  − i 𝜃 / 2  0   0    e  i 𝜃 / 2 )


    R  z ( 𝜃 ) | 0 ⟩ =   e  − i   𝜃 2 | 0 ⟩ = | 0 ⟩


  𝜃


  | 0 ⟩


  H | 0 ⟩ =  1   2 ( | 0 ⟩ + | 1 ⟩ )


    R  z ( 𝜃 )


    R  z ( 𝜃 ) H | 0 ⟩ =  1   2 (   e  − i   𝜃 2 | 0 ⟩ +   e  i   𝜃 2 | 1 ⟩ )


    R  x


    R  y


    R  z


    R  X


    R  Y


  X


  Y


   2 5 = 32


    R  Z


  𝜋


  2 𝜋


  𝜋 / 2


  Z Z


    x  i   x  j


  R a t i n g =  {    A  if  Z > 3 . 25   B  if  1 . 65 < Z ≤ 3 . 25   C  if  1 < Z ≤ 1 . 65   D  if  0 . 25 < Z ≤ 1   E  if  Z ≤ 0 . 25


  C


  C = 0 . 1


  𝛾 = 0 . 1


    K ( K − 1 ) 2


  K


   { Z , Z Z }


   { Z , Z Z }


   { Z , X X , Y Y , Z Z }


  X X


  Y Y


  Z Z


    𝑹  𝒁


    R  Z


    R  Z


    R  Z


    R  Z


  X X


  Y Y


  Z Z


   { Z , Z Z }


    R  Z


    R  Z


  E S = f  ( S M C ,   U P G ,   G D P G R ,   T O ,   R E C ,   G F C )                           ( 1 )


      L n C O 2  i t =     𝛽 0 +   𝛽 1 L n   S M C  i t +   𝛽 2   L n U P G  i t +   𝛽 3 L n   G D P G R  i t +   𝛽 4 L n   T O  i t +   𝛽 5 L n   R E C  i t +   𝛽 6   G F C  i t +   𝜀  i t                     ( 2 )


    L n N R D  i t =     𝛽 0 +   𝛽 1 L n   S M C  i t +   𝛽 2   L n U P G  i t +   𝛽 3 L n   G D P G R  i t +   𝛽 4 L n   T O  i t +   𝛽 5 L n   R E C  i t +   𝛽 6   G F C  i t +   𝜀  i t                     ( 3 )


    L n F R D  i t =     𝛽 0 +   𝛽 1 L n   S M C  i t +   𝛽 2   L n U P G  i t +   𝛽 3 L n   G D P G R  i t +   𝛽 4 L n   T O  i t +   𝛽 5 L n   R E C  i t +   𝛽 6   G F C  i t +   𝜀  i t                       ( 4 )


    𝛽 1


    𝛽 6


    Y  i t =   𝛽  i 1   X  i t +     ∑  j =   − q  q    𝛿  i j ∆   X  i ,   t + j +   𝛾  1 I     D  i i +   𝜀  i t                       ( 5 )


      Y ∗  i t =    (   Y  i t −     Y -  i ) −  (       L  21 i ^      L  22 I ^ ) ∆   X  i t +  (       L  21 i −     L  22 i ^ ^      L  22 I ^ )   𝛽  (   X  i t −     x  i - )                 ( 6 )


    ∆ Y  i t =     𝜋  i   Y  i t − 1 +   𝛾  i   𝛿  i t +     ∑  j = 1  p − 1    𝜃  i j     Y  i , t − j +   𝜀  i t                 ( 7 )


    𝛿  i t


    ∑  j = 1  p − 1    𝜃  i j     Y  i , t − j


    𝜀  i t


    𝜀  i t =     𝜇  i t +   𝜃  i   f  t                     ( 8 )


    ∆ Y  i t =     𝜋  i   Y  i t − 1 +   𝛾  i   𝛿  i t +     ∑  j = 1  p − 1    𝜃  i j     Y  i , t − j +   𝜇  i t +   𝜃  i   f  t             ( 9 )


    𝜃  i


    Y  i t =     𝜑  i +     𝛾  i t +  ∆  i   F  i +     𝜇  i t             ( 10 )


    F  i )


   ∆  i


    𝜇  i t

