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EXECUTIVE SUMMARY 
 

• In Europe and in Italy, credit represents the main channel for financing the economy, and 
potentially, it is also the most significant source of sustainable funding for the majority of 
agents. However, official data paints a general picture in which green loans continue to 
represent an extremely modest proportion of the loan portfolios of European banks 
(approximately 4%-5%). With the exception of a portion of real estate mortgages, the 
European market for green loans thus appears not only marginal in terms of quantity, 
but is also unequipped to select green loans and to link credit supply to any logic of 
impact finance. 

 
• Solvency of financial intermediaries (above all banks) is an essential factor for the entire 

economy in terms of the allocation of resources, risk management and the administration of 
payment systems. The climate crisis is also resulting in a progressive increase in the risks 
faced by financial intermediaries, and measures to improve the ability of the latter to protect 
themselves from these risks is a fundamental aspect in the process of improving the 
instruments currently available to the authorities. In this light, the available empirical 
evidence shows not only that European banks are financing activities, sectors and 
businesses that are incompatible with climate crisis mitigation (and therefore 
inconsistent with the Paris goals), but also that their exposure to climate risk vis-à-vis  
their capitalisation is so high as to pose a potential future threat to solvency. 

 
• In addition, however, prudential regulation may serve as a decisive lever in redirecting 

significant flows of credit and financial investment to support ecological transition. Two 
opposing positions have come to light within the debate that has emerged over the matter: 
one, similar to the position adopted by the current Basel framework (and recently 
recommended by the EBA), could be defined as risk based, while the other could be defined 
as economic-policy oriented, according to which capital requirements should be a way to 
redirect the financial resources managed by banks towards supporting sustainable 
investments. This second approach formed the basis of the original recommendations made 
to the European Commission by the High-Level Expert Group on Sustainable Finance, 
which initiated the European Green Deal1 and which later led to a dispute that highlighted 
both its merits and shortcomings. 

 
• Bank regulations are rapidly evolving in this direction. The ongoing process of integrating 

climate risk into the new Basel core principles embraces practically all the aspects of 
pillar two and three of prudential regulation, in particular: (a) Corporate governance; (b) 
internal controls; (c) risk management processes; (d) credit, market, liquidity and operational 
risk management. However, what is proving more complex and controversial is the 
integration of climate risk into the first pillar, which defines the quantitative criteria for 

 
 
1 EU HLEG (2018), Financing a Sustainable European Economy – Final Report, European Commission High Level 
Expert Group on Sustainable Finance, Brussels, January, https://finance.ec.europa.eu/publications/high-level-expert-
group-sustainable-finance-hleg_en  

 

https://finance.ec.europa.eu/publications/high-level-expert-group-sustainable-finance-hleg_en
https://finance.ec.europa.eu/publications/high-level-expert-group-sustainable-finance-hleg_en
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determining capital requirements and the methods for assessing the risks according to 
which they are scaled. 

 
• The integration of climate risks into the process of determining capital requirements is 

opposed by supervisory authorities, because of the methodological challenges of 
identifying climate risks with standard risk metrics. This particular aspect is the real 
reason why supervisory authorities currently consider it problematic to adopt capital 
requirements as a way to orient bank loans in favour of ecological transition; i.e., the difficulty 
of translating the impacts (both direct and indirect) that the financed entities have on the 
environment into metrics to calculate the effective risk for the bank that is funding them. 

 
• In accordance with current prudential supervision, risk metrics are formed on the basis of 

the damages and losses that a financial institution may suffer as a result of climate (“single 
materiality”), but do not take into account the harmful impact that the institution’s activities 
may have on the external environment (“double materiality”). However, the principle of 
“double materiality” is central to the classification of climate impacts and is a 
fundamental aspect of the European Green Deal and of the Taxonomy. On the contrary, 
the concept of prudential regulation is based on the so-called risk-based approach and is 
aimed exclusively at ensuring that risks are correctly assessed and that the requirements 
established by regulations are adequate to defend financial institutions from said risks. Thus, 
prudential regulation is currently perceived exclusively from a “single materiality” point of 
view. 

 
• The adoption of a “double materiality” logic in the first pillar of Basel would require a change 

in perspective; it would mean recognising that capital requirements are also a way to 
orient the flow of credit to favour the decarbonisation of the economy and not 
exclusively, as is currently the case, as a way to protect the capital of individual banks. 

 
• However, the application of capital requirements as a lever for the pursuit of general 

climate goals (“double materiality”) does not necessarily imply, as is sometimes 
believed, the abandoning of the risk-based approach by authorities, but rather its 
redefinition in systemic terms. The difficulty of identifying exposure to climate risks at the 
microprudential level and the recognition of their systemic nature is in fact better addressed 
by the field of macroprudential measures, i.e., the application of additional buffers to the 
traditional criteria for the weighting of RWA. 

 
• The macroprudential approach recognises that systemic risks are endogenous to the 

system, i.e., they are the result of the collective behaviour of agents, and therefore takes 
measures to monitor and orient this behaviour in order to prevent the emergence of said 
risks. From a macroprudential point of view, material risks are not only those that 
externally affect individual institutions, but also those that individual institutions 
contribute to generating or amplifying. For this reason, climate risks, like all systemic risk 
factors, are generally underestimated and require the application of aggregate correction 
factors linked to indirect indicators of potential exposure. This implies that risk-based 
macroprudential regulation itself cannot ignore the role that the financial system, and banks 
in particular, may play in mitigating climate change; rather, in order to safeguard the 
stability of the system, it needs to be embraced as an instrument for policy at all levels. 
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• From a macroprudential perspective, it would therefore make sense to consider not 
only a selective increase in systemic buffers (on the basis of the bank’s relative 
concentration in sectors/areas at risk), but also an instrumental increase in solvency 
ratios, linking them to aggregate indicators of carbon footprint and the overall emissions 
of the entities financed by the bank itself (e.g., the indicators required by disclosure 
regulations) and, preferably, also to forward-looking indicators of the alignment of the 
decarbonisation programmes of the companies financed with the climate goals of the 
European Union. 

 
• Empirical evidence shows that capital requirements have a significant influence on both the 

volume of credit and the level of bank interest rates, and also demonstrates that, despite 
their limited worth as a stand-alone lever to drive climate change, the use of 
macroprudential capital requirements can play a decisive role in mitigating the risks of 
transition generated by aggressive decarbonisation policies. These findings therefore show 
that macroprudential policies are a necessary complement to other climate policies in 
order to reduce the exposure to risk of financial intermediaries who, without adequate 
capital requirements, could serve as an amplification channel of systemic risks. As climate 
policies become increasingly stringent, additional capital requirements linked to climate 
risks are ever more necessary. 

 
• Furthermore, specific simulations demonstrate that the combined implementation of both 

“brown” penalising factors (BPFs) for higher-emission sectors/companies and of “green” 
supporting factors (GSF) for green sectors/companies will allow the former to reduce the 
exposure of banks to the risks of transition and the latter to mitigate the adverse effects 
of credit rationing, providing support for sustainable investments that could be crowded-
out by climate policies.  

 
• It is therefore advisable for the Basel Committee and the supervisory authorities to provide 

for the adoption of globally harmonised differentiated capital requirements for banks in 
addition to existing measures and in support of governmental decarbonisation policies. 
To this end, it would be necessary to design a clear framework for their application, in 
particular: 

o Defining a conceptual map that links Taxonomy sustainability criteria to a systemic 
risk potential grid for financeable assets that takes into account prospective 
decarbonisation programmes as well as the current carbon footprint. 

o Calibrating and prescribing parameters for increasing and/or decreasing capital 
requirements in line with the aforementioned systemic risk grid. 

o Indicating uniform and certified methods for verifying that decarbonisation 
programmes are aligned with the goals of the European Union and with the 
climate goals of the Paris Agreement. 

o Establishing binding monitoring procedures and KPIs in line with the previous 
points. 

o Integrating control and reporting procedures with those already existing for the 
second and third pillars of the Basel framework (internal controls, governance and 
disclosure). 
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1 INTRODUCTION 

1.1 THE IMPORTANCE OF CREDIT AND THE DELAY OF THE EUROPEAN BANKING 
SYSTEM IN THE CLIMATE TRANSITION 

 
In Europe and in Italy, credit represents the main channel for financing the economy, and as so, is 
also potentially the most significant source of sustainable funding for the majority of agents2. 
However, the results of a recent study by the European Banking Authority (EBA 2023b)3 paint a 
general picture in which green loans4 continue to represent an extremely modest proportion of the 
loan portfolios of European banks (approximately 4%-5%)5. With the exception of a portion of real 
estate mortgages, the European market for green loans appears not only marginal in terms of 
quantity, but is also unequipped to select green loans and to link credit supply to any logic of 
impact finance.  
 
Although the extent varies from country to country, the loan portfolios of European banks still 
appear to be particularly exposed to the most energy and emission-intensive sectors (e.g. mining 
and energy); in fact, the weight in loan portfolios of exposure to the latter is more than proportional 
to the individual contribution to emissions of each sector (ECB-ESRB 2022) [figure 1]6. 
 

 

 
 
2 In the Eurozone, as of the end of 2022, bank loans made to enterprises and families totalled almost EUR 3500 bn, 
with a total in Italy of more than 1340 bn. 

3 The report, published by the EBA at the end of 2023, allows for the reconstruction of a consolidated view of the 
green-loans market under various profiles, as it (a) describes market practices, highlighting the most important 
segments, above all in relation to those in which private retail debtors and SMEs are most active; (b) differentiates 
between the various categories of loan (loans for energy efficiency, loans for renewable energy, loans for the 
modernisation of vehicle fleets or for sustainable mobility, etc.); (c) compares the methods adopted by banks to 
identify and classify green loans, and to assess their compliance with the definition of sustainability provided by EU 
Taxonomy and the SFDR; (d) provides a comparative assessment of advantages and costs for debtors of the various 
types of green loan and ordinary loan, as well as the risks related to the failure to achieve the agreed sustainability 
goals (e.g., early extinction of the loan, an increase in interest rates, etc.); (e) assesses administrative costs and 
benefits for financial institutions with regard to green loans. The study involved 83 EU/EEA financial institutions, 
representing 52% of all entities operating in the sector, 76% of which were universal banks, 8% retail banks and 4% 
corporate banks (EBA 2023b). 

4 The general expression “green loan” here refers to the many technical forms of credit granted for projects and/or 
activities aimed at environmental and/or energy sustainability and green innovation (e.g. green loans in the strict 
sense, sustainability-linked loans, energy efficiency mortgages etc.). cf. ECCO (2023) 

5 This small percentage is comprised mostly of mortgages for the purchase of real estate. The proportion of green 
loans for SMEs is extremely low, despite the heavy dependence of these entities on bank credit, and it is imagined 
that this is due to the difficulties faced by SMEs in producing suitable documentation. In the majority of cases, loans 
are, in fact, granted without any obligation or any monitoring by the bank regarding the eventual use of funding, 
and loans are classified by “default” as green on the basis of the sector in which the applicant entity operates.  
6 If the composition of loan portfolios were proportional to the emission intensity of each sector (tCO2e/GVA), the 
loan-weighted emission intensity [cf. the definition of CFALTL=1 in Annex A.2.3] would on the bisector (the 45° line). 
However, for all the banks examined, CFALTL sits below the bisector, indicating that the weight of extremely 
emission-intensive sectors in portfolios is more than proportional to their specific emission intensity.  
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Figure 1 – Emission intensity of European bank loan portfolios  

compared to the emission intensity of economic sectors. Source: ECB-ESRB (July 2022) 

 

 
 

This excessive exposure of banks to the sectors with the largest carbon footprints is also confirmed 
when taking a wider perspective. Other recent academic studies, as well as analyses by the 
European Central Bank and the Banca d’Italia7 demonstrate, in fact, that there is a significant and 
widespread misalignment between the credits and the investments in securities held by the 
leading banks and decarbonisation processes aligned with the goals of Paris8. Banks continue to 
grant a large proportion of their loans to enterprises whose future decarbonisation plans appear to 
be significantly incomplete (or even absent), and their exposure to the latter is, on average, double 
vis-à-vis their exposure to aligned firms. As many as 90% of the 95 banks analysed have loans and 
financial investments out of line with the goals of Paris and are therefore exposed to significant 
transition risk. Furthermore, 70% of those declaring decarbonisation policies in line with Paris 
appear non-compliant and therefore also subject to legal disputes. In addition, average exposure to 
climate risks (exposure at default, or EAD)9 for capital equity tier 1 (or CET1)10 appears to be fairly 
high, meaning that climate-related risks of insolvency are an element to be reassessed with regard 
to the adequate capitalisation of banks [Figures 2b-2b par.3 infra]. 
 

1.2 THE STABILITY OF THE FINANCIAL SYSTEM 
 
Solvency of financial intermediaries (and in particular of banks) is an essential component of 
modern economies for allocating resources, for managing financial risk and for administering the 

 
 
7 La Vecchia et al. (2022); Sastry et al. (2024); ECB (2024a);  

8 Cf. ECB (2024a); Faiella et. al (2020) 

9 In Basel’s metrics for prudential regulation, EAD (exposure at default) identifies the amount of credit granted to a 
specific enterprise or sector [cf. Annex A.2.2] 

10 Cf. Annex A.2.1 
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payment system. This is why the financial system is always a “special supervised” subject; it is 
subject to specific regulation and strict supervision by the so-called supervisory authorities, which 
have been granted extremely wide-ranging powers regarding authorisation, information and 
inspection in order to safeguard the stability, the transparency and the efficiency of the entire 
system11. The notion of prudential supervision refers to the set of obligations and procedures aimed 
at preventing intermediaries from being exposed to excessive risk and at guaranteeing their 
solvency.  
 
The climate crisis implies a progressive increase in the risks faced by financial intermediaries; it 
follows that measures to improve the ability of the latter to protect themselves from these risks is a 
long standing issue in the process of adjustment of the supervisory instruments available to the 
authorities (NGFS 2019b). In addition, however, prudential regulation may serve as a decisive lever in 
redirecting significant flows of credit and financial investment to support ecological transition. 
Empirical evidence shows that these flows have an influence on both the volume of credit and the 
level of bank interest rates12, and the debate has recently embraced the opportunity to use this 
instrument to bring the actions of the banking system in line with the goals of Paris13. 
 
The very nature of climate risks and the crucial part that financial institutions can play in their 
systemic amplification require a rethinking of the role played by both prudential supervisors and 
monetary authorities in the mitigation of climate risks. Climate risks in fact impose an 
“epistemological break”, not only in terms of risk assessment metrics, but also in the posture of 
policy makers [cf. Box 1 - A new epistemology of risk]. 
 
Two opposing positions have come to light within the debate that has emerged over the matter: 
one, similar to the position adopted by the current Basel framework (and recently also 
recommended by the EBA), could be defined as “risk based”, while the other could be defined as 
“economic-policy oriented”, according to which capital requirements should be a way to redirect 
the financial resources managed by banks towards supporting sustainable investments. This 
second approach formed the basis of the original recommendations made to the European 
Commission by the High-Level Expert Group on Sustainable Finance, which initiated the European 

 
 
11 There are many supervisory authorities in Europe. At European Union level, since 2011, coordination between 
national authorities has been the responsibility of the so-called ESAs (European Supervisory Authorities). The name 
ESAs refers, collectively, to the three European agencies: EBA (European Banking Authority), ESMA (European 
Securities and Market Authority) and EIOPA (European Insurance Occupational Pension Authority). The ESAs do 
not, however, have direct powers for supervision or control, but only for guiding the supervisory regulations of EU 
countries and ensuring their consistency. With exclusive regard to the countries within the Eurozone, since 2014 
banking supervision has been carried out by the SSM (Single Supervisory Mechanism), which includes the European 
Central Bank (ECB) and the national central banks (NCBs) of the countries that have adopted the Euro. The EU 
countries that are not part of the Eurozone have maintained independent supervisory authority (such as, for 
example, the FCA, Financial Conduct Authority, and the PRA, Prudential Regulation Authority, in the United 
Kingdom). 

12 Aiyar et al. (2014); Akram (2014); De-Ramon et al. (2016); De Marco-Wieladeck (2015); Meeks (2017); Fraisse (2017); 
Imbierowicz et al. (2019) 

13 EU HLEG (2018); Schoenmaker-Van Tilburg (2016); D’Orazio-Popoyan (2019); Esposito et al. (2018 e 2020); Berenguer 
(2020); Oehmke (2022); ReCommon (2024) 
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Green Deal (EU HLEG 2018), and which later led to a debate that, as we will see further on, 
highlighted both its merits and shortcomings14 . 
 
The aim of this report is to explore whether, to what extent and under what conditions the 
minimum capital requirements imposed on banks by the prudential regulation of the Basel 
framework could contribute to: 

- Reducing direct and indirect exposure of European banks to climate risks. 
- Adapting the banks’ capital resources on the basis of said risk. 
- Dissuading the granting of loans to the enterprises most exposed to climate risks. 
- Encouraging the funding of investments and firms that adopt transition plans in line with 

European climate goals. 
- Increasing the flow of funding to innovation and green technologies. 

To this end, the first step is to outline the current key characteristics of the prudential supervision 
regulation, i.e., the Basel Accords (par.2). This is followed by a discussion of the logic behind 
macroprudential regulation, which was introduced in the wake of the 2007-08 financial crisis (par. 
3). The implications of applying additional “climate” capital requirements will be discussed, with an 
examination of simulative evidence (par. 4), followed, lastly, by a series of provisional conclusions 
(par.5). To facilitate presentation, many technical details are provided in the Annexes. 
 
 

BOX 1 – A NEW EPISTEMOLOGY OF RISK 
 
Extreme climate risks are characterized by rare and catastrophic events that cannot be 
predicted with sufficient accuracy or quantified with standard statistical techniques. 
Through various channels (the actions and expectations of agents and institutions), these 
could also become financial risks that can either be mitigated by regulation or potentially 
exacerbated by its inadequacy (transition risk). Climate risks and their interaction with the 
financial system require analysis of complex systems, in which even the smallest variation of 
any single variable can lead to significant and unexpected deviations in others (Ackerman 
2017; Sayama 2015). Recognition of the complex nature of climate events has led to the 
emergence of a sort of “epistemological break” from traditional approaches to risk 
management (Bolton et al. 2020). In other words, climate risks fit better into the logical 
category of “uncertainty” than in the category of “risk”. Paraphrasing Knight15, risk can take 
the form of a “known unknown”, one for which probability can be captured, but it can also 
remain in the realm of “unknown unknown”, i.e., unable to be reduced to a quantified 
probability. This latter category includes the “radical uncertainty” that many attribute to 
climate (Baranovic et al. 2021; Chenet et al. 2022; Smolenska-vant’Klooster 2022). 
 
Despite the difficulty of translating climate uncertainty into risk metrics, there are at least 
three good reasons to adopt prudentially defensive policies against climate risks: 

 
 
14 Matikainen (2017); Dankert et al. (2018); Van Lerven-Ryan Collins (2018); Esposito et al (2018 e 2020); Berenguer 
(2020).  

15 The reference is to Frank Knight (1921), for the application of the concepts of risk and uncertainty to risk-
management techniques, reference is made to Diebold et al. (2010) 
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(1) considering that climate change is a result of global warming, which is irreversible and 
cumulative, extreme climate events tend to increase progressively and inexorably in 
both frequency and intensity. The probability of being affected cannot be calculated, 
but this does not mean that it is nil, and it undoubtedly increases over time. Where and 
how these events may strike is uncertain, but their destructive power is “certain”. Unlike 
with financial events, in which a broader exposure to risk is also associated with 
increased opportunity, climate risk has only one tail: loss and damage. 

(2) Like financial crises, the climate crisis is systemic, but the complex nature of the chain 
reactions and the “cascading” impacts that it can cause once some tipping points have 
been exceeded is immeasurably broader and more destructive than that typical of 
financial crises (Lenton 2019; Sharpe-Lenton 2021). 

(3) Climate threat is existential, that is, it undermines economic and social organisation, 
and, in the long term, the very survival of the biosphere and of the humanity (Ripple 
2017, 2021, 2022; IPCC 2018; 2021; 2022; 2023). 

Climate risks cannot be ignored or underestimated, and the fact that they cannot be 
statistically analysed is no excuse for agnosticism or fence-sitting. On the contrary, it calls for 
an approach that is radically different from traditional forms of risk management, which 
tend to base management and economic coverage exclusively on statistically appraisable 
parameters. For climate change, the appropriate strategy is, instead, to accept that there 
can be no suitable protection other than precautionary policies of a general nature, 
independent of any specific quantification of risk (Weitzman 2009, 2011; Lenton 2019). 
Addressing climate change requires systemic, active and coordinated measures aimed first 
and foremost at eliminating the causes while, at the same time, providing lines of defence 
that are based on the worst-case scenarios; an approach that not only focuses on the 
specific exposure of individual economic entities, but on collective and converging action 
guided by clear policy priorities and backed up by adequate resources that actively and 
synergically involves all institutional entities (policymakers, governmental agencies and 
financial institutions) (Aglietta-Espagne 2016; Stiglitz 2019; Bolton et al. 2020). 
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2 THE BASEL ACCORDS AND PRUDENTIAL REGULATION 
 
In Europe, with the implementation of the Green Deal16, the banking sector was also involved in the 
issues related to climate change, above all in terms of the proper management of risks deriving 
from lending and from financial investments. 
 
The current prudential EU legislation is based on three main sources of regulation: the Capital 
Requirements Directive (CRD)17 and the Capital Requirements Regulation (CRR)18 for banks, and 
the Investment Firms Directive (IFR) for investment firms19, which implement the regulatory 
framework of the 2004 Basel Accords (Basel 2), and their subsequent evolution (Basel 3). 
 
With the general guidelines issued by the EBA, the ECB and the Banca d’Italia regarding prudential 
supervision20 and the updating of the Basel Accords21  climate risks have been incorporated into 
bank regulation. 
 
In order to understand the mechanisms involved, it would be useful at this point to summarise the 
general architecture of current prudential regulation and identify the (actual or possible) 
modifications required to align it with climate crisis mitigation goals. 
 
The overall architecture of prudential supervision of banking systems is based on the so-called 
Basel Accords issued by the Basel Committee on Banking Supervision (BCBS)22. The logic of Basel 
has evolved over time and the most recent version, known as Basel 3, takes the form of three pillars: 
(1) the first pillar is represented by capital requirements; (2) the second pillar concerns procedures 
for internal risk management and supervision; (3) the third pillar sets out regulations for 
transparency and disclosure aimed at guaranteeing so-called market discipline, i.e., the ability of 
investors and depositors to assess the effective risk exposure of each bank. 
 
 
 

 
 
16 European Parliament (2018) 

17 European Parliament and Council (2013a) 

18 European Parliament and Council (2013b) 

19 European Parliament and Council (2019) 

20 EBA (2019, 2021b, 2022b, 2023a); ECB (2020a); Banca d’Italia (2022a) 

21 BCBS (2022, 2023a, 2023b) 

22 The Basel Committee (BCBS) is a body that was set up in 1974 and is composed of representatives from the 
banking supervisory bodies of 27 countries (central banks or other supervisory authorities). It is hosted by the Bank 
of International Settlements (BIS). The BCBS does not possess any formal supranational authority, and it issues 
guidelines, recommendations and standards that have no direct legal force in the member countries. However, the 
regulations recommended by the Committee allow for the coordination and convergence of international 
regulations and supervisory procedures regarding the stability of banking systems. The BCBS is coordinated by a 
permanent Secretariat and is structured in four subcommittees that report to a joint body composed of the 
governors and supervisory heads of the member countries.  
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2.1 PILLAR ONE: MINIMUM CAPITAL REQUIREMENTS 
 
With regard to the first pillar, which indicates the entity and the methods for calculation of 
minimum quantitative capital requirements, the Basel Accords were initially based on an extremely 
simple scheme that established that the bank’s capital should be prudentially equal to (or higher 
than) a certain “safety” threshold in order to be able to handle any unexpected losses. Adequate 
capitalisation is in fact the main line of defence against possible insolvency but, for this reason, it is 
also a factor enhancing investor and depositor trust in the stability of the bank, and therefore tends 
to prevent also potential episodes of panic leading to the withdrawing of deposits. The original 
Basel Accords established that the minimum bank capitalisation threshold, known as the “solvency 
ratio”, should be the same on an international level (in order to avoid competitive distortions 
among different jurisdictions) and should be eight percent of the bank’s risk-weighted assets 
(RWA). In the original set-up (Basel 1), risk weighting was dictated directly by the authorities and 
was applied exclusively to the various forms of credit, ignoring other aspects of banking activity, 
such as investments in securities and proprietary trading or operational risks. The framework was 
gradually enhanced over the decades that followed, including the latter types of risk and allowing 
for more analytical methods that were increasingly based on models elaborated by the banks 
themselves (albeit validated by the authorities)23. Technically the system has become much more 
complex, but the basic framework has always remained the same; on the one hand to assess, in an 
increasingly detailed manner, the effective exposure to risk of every form of bank’s asset (in order to 
achieve an ever-more granular and precise weighting), and on the other to align the bank’s capital 
with the assets weighted according to those risks. The financial crisis of 2007-2008 provided new 
insights on the shortcomings of this framework, making apparent its vulnerability to systemic risk 
[Annex A.2.1]. 
 

2.2 BEYOND MICROPRUDENTIAL REGULATION; THE MACROPRUDENTIAL 
APPROACH 

 
The idea behind the original Basel framework was that the microeconomic stability of each 
individual bank was a necessary and sufficient condition for the stability of the entire system. 
However, the 2007-2008 crisis was a dramatic demonstration that suitable capitalisation of 
individual banks is indeed a necessary condition for the stability of the system, but that, contrary to 
what had previously been assumed, it is not also a sufficient condition. As banks are intertwined by 
a complex network of reciprocal relationships, and they simultaneously operate on the same 
markets, they are exposed to potential systemic shocks that can lead to the collapse of the entire 
system, even in cases where every individual bank is properly capitalised for the risks that it has 
individually assumed. Systemic dynamics are like electric shocks that originate in a weak node of 
the network (in 2008, the collapse of Lehman Brothers) and spread through the “nervous web” of 
the financial system, forcing all the banks to take the same actions at the same time, such as 

 
 
23 The standard weighting defined by the authorities was initially subdivided by class according either to the nature 
of the counter parties, the technical characteristics of the relationship or the execution of the same. As an 
alternative to this standard method, banks are now able to adopt their own methods, defined as Internal Ratings-
Based (IRB), i.e., based on internal risk-rating systems, or the Internal Models Approach (IMA), i.e., based on the 
banks own risk-assessment models (BCBS 2005).  
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draining interbank credit (thus reducing its liquidity), rationing credit to the economy or selling-off 
securities (thus reducing their worth). During a systemic crisis, the capital set aside for ordinary risks 
proves insufficient to re-establish the required ratio of capital to risk-weighted assets, forcing all the 
banks to recapitalise at the same time or reduce their assets. However, recapitalising during a 
financial market crisis is extremely difficult and costly, which means that the other option - a 
reduction in assets - prevails, fuelling a push towards recession, provoking further falls in market 
value and exacerbating the problem. This process, known as deleveraging, tends to go into a spin 
because banks are forced to re-establish a fixed proportion between capital and risky assets. In a 
systemic crisis, the solvency ratio operates in a procyclical factor, amplifying the spin dynamic. The 
procyclical effect of a fixed solvency ratio may also operate perversely in the opposite direction; in 
positive phases, with rapid growth of financial markets (or even speculative bubbles), operators’ 
expectations tend to align in an upwards spiral, with the volatility of quotations falling. As volatility 
is one of the ingredients in statistical risk assessment, its reduction also tends to restrict the risk-
weighting of assets. When a market is rising, lower volatility leads to the risk factor of assets to be 
underestimated, resulting in a proportional undersizing of bank capitalisation. Against the evidence 
of systemic risks, Basel’s prudential framework has been updated (Basel 3), providing for two 
further components for adapting capital in addition to the original solvency ratio (eight percent): on 
the one hand, a so-called countercyclical capital buffer (i.e., increased provisions in periods of 
expansion to be reabsorbed during periods of market contraction), and on the other a second 
increase, known as a systemic risk buffer, as a further line of defence against any unexpected 
shocks of this nature (EBA 2023a; ECB-ESRB 2022). 
 
In addition to the reset minimum capital requirements, the first pillar also endows the supervisory 
authorities with the power to intervene with regard to the conditions applied by banks when 
granting loans, for example allowing them to set limits on the maximum debt level for recipients, 
prescribing maximum loan thresholds in relation to the income of the assignee (loan-to-income) or 
to the value of the asset financed and/or put up as guarantee (loan-to-value). 
 
Lastly, the framework of Basel 3 is completed with other complementary measures aimed at 
limiting overall bank debt and bolstering their resilience against any liquidity crises: maximum 
leverage sets a limit on the ratio between total non-risk-weighted assets and overall assets; the LCR 
(Liquidity Coverage Ratio) establishes that each bank has enough liquid assets to allow it to survive 
for at least 30 days without having to turn to the interbank market or to refinancing from the 
central bank; the Net Stable Funding Ratio (NSFR) sets a balance between loss and profit over the 
medium-long term [Annex A.2.1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                14 
 
 

2.3 THE SECOND PILLAR: INTERNAL RISK MANAGEMENT 
 
The Basel’s second pillar concerns internal controls and, for each bank, takes the form of 
compulsory organisational protocols for monitoring and managing risk, the precise attribution of 
tasks and responsibilities to the various bodies involved (line management, risk management, 
administrative bodies and internal audits), and the structuring of reporting to the authorities as 
well as the supervisory processes of the latter (which take the form of periodical in-depth 
diagnostic analysis24). Over recent years, the scope of each of these processes and the redefinition 
of organisational profiles has also been extended to include climate and environmental risks25. 
 

2.4 THE THIRD PILLAR: DISCLOSURE OF EXPOSURE TO RISK 
 
The Basel’s third pillar is partly derived from the second, and sets out the methods, formats and 
level of detail of information to be disclosed by each bank to the public. In this area, the EBA has, for 
example, provided recommendations regarding the methods and metrics for assessment and 
disclosure (KPIs) that institutions are required to adopt in terms of ESG information, and has also 
set out specific operational indications. This documentation now offers a wide-ranging and detailed 
reference framework for linking loans granted by financial institutions to an unambiguous 
definition of sustainability, or “greenness”. In order to extend transparency requirements to 
sustainability related characteristics of bank’s assets and allow investors and other stakeholders to 
make comparative assessments of ESG risks and vulnerabilities among different institutions, third-
pillar requirements establish the format, content and measurement metrics for information also 
regarding decarbonisation and environmental aspects [cf. Annex A.1]26. 
 
Given their importance, the regulations already require the publication of quantitative information 
with reference to climate and environmental risks (both physical and related to transition): starting 
in 2024 (with reference to 2023) banks must publish the so-called Green Asset Ratio (GAR), 
regarding exposure to all financed counterparties who are in turn subject to compulsory disclosure-
according to the CSRD27. On a voluntary basis, banks can also publish the so-called Banking Book 
Taxonomy Alignment Ratio (BTAR) regarding the alignment of activities with the European 
Taxonomy (including exposure to counterparties not covered by the CSRD). Both indicators must 
be complemented with the description of mitigation measures and the qualitative representation 
of a wider range of risks concerning not only the environment but also social and governance 

 
 
24 The main examples are, on the one hand, ICAAP (Internal Capital Adequacy Assessment Process) and ILAAP 
(Internal Liquidity Adequacy Assessment Process) aimed at annually assessing capital and liquidity adequacy in 
terms of risks, and on the other, the SREP (Supervisory Review and Evaluation Process) which annually assesses all 
the managerial aspects of the bank (assets, economics, organisation, strategy, etc.).  

25 EBA (2021a, 2022a); ECB (2020a); Banca d’Italia (2022a) 

26 EBA (2021a, 2022a)  

27 European Parliament and Council (2022), Dir 2022/2464/EU  
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aspects. Despite the significance of these indicators is still subject to shortcomings as far as the 
calculation method is concerned, they undoubtedly represent an important step forward28. 
With regard to physical risks, the bank needs to identify and highlight exposure to the sectors and 
geographic areas that are potentially most exposed to adverse climate and/or environmental 
impacts both acute and chronic. 
 
With regard to transition risk, the requirements call for clear explanations of the exposure to the 
sectors that are the main contributors to climate change, highlighting both the proportion of the 
sectors most dependent on fossil sources and the overall level of alignment with European 
Taxonomy. This information also covers the carbon footprint (in terms of Scope 1, 2 and 3 GHG 
emissions) of corporates financed by the institution, the alignment of their projected 
decarbonisation processes with the goals of Paris and the embedded energy efficiency of the real-
estate mortgage portfolio of the bank.  
 
In a nutshell, the integration of climate risk into the new Basel core principles embraces practically 
all the aspects of pillar two and three of prudential regulation: (a) Corporate governance; (b) internal 
controls; (c) risk management processes; (d) credit, market, liquidity and operational risk 
management. It also extends the tasks and the priorities of supervision carried out by the 
supervisory authorities to climate risks (BCBS 2022). However, what is proving more complex and 
controversial is the integration of climate risk into the first pillar, which defines the quantitative 
criteria for determining capital requirements and the methods for assessing the risks according to 
which they are scaled. Hereafter, we will focus only on the latter issue. 
 

  

 
 
28 Publication of the GAR became obligatory for EU banks in January 2024. However, the GAR is seen as an 
insufficient and unreliable measure of the “greenness” of bank assets because it is limited to large corporates (for 
which CSRD reporting is obligatory) and thus excludes from the calculation of the ratio a large portion of banking 
activity concerning SMEs, whatever their carbon footprint. To overcome this limitation, a complementary indicator 
has been introduced, the BTAR, which also includes categories of firms not covered by the CSRD, but which banks 
could publish only on a voluntary basis, and which is presumably derived from estimates made by the banks 
themselves on the basis of non-homogeneous methodologies and unverifiable data, given that SMEs are not 
subject to disclosure obligations. A further methodological limitation of these indicators is that, with reference to 
Taxonomy classification criteria, they do not take into account any prospective efforts of the firm regarding 
decarbonisation, or any support that the banks provide for the transition plans of the most energy and emission-
intensive entities (EBF 2024). 
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3 CLIMATE RISK AND MACROPRUDENTIAL CAPITAL REQUIREMENTS 
 
With regard to the first pillar, climate risk assessment covers various aspects of the current 
regulation for capital requirements on both a micro- and macroprudential level, while excluding 
others with differing objectives [cf. Annex A.2.1]. This is, for example, the case of the LCR, the NSFR 
and maximum leverage; none of these measures is based on risk metrics, and their function is 
exclusively to mitigate imbalances that may compromise the liquidity of banks in the short term. 
Their value is therefore general in nature and is irrespective of the specific origin and nature of the 
shocks (ECB-ESRB 2022). 
 
Instead, a prudential form of reasoning related to climate risks could easily be applied to the 
maximum limits on lending to debtors (LTI and LTV). In this case, there is a direct link between 
climate risks and credit risks, as the first can result in the insolvency of the debtor or the 
devaluation of the assets provided as guarantee for the loan. The limits tend to mitigate the 
maximum exposure of the lending bank to the vulnerability of the debtor to climate impacts and, 
by limiting the relative entity of the borrower’s debt, they also reduce the probability of insolvency29. 
Again in this case, the limits could be modulated in an extremely flexible manner on the basis of 
the sustainability indicators of the borrowers (for example, their energy efficiency and/or the 
presence of insurance coverage), the vulnerability of their geographic location and/or that of the 
sectors in which they operate. The problem in this case is that this criterion can only be applied to 
new credit flows, without involving existing loans; the impact of this element can, in particular in 
long-term contracts such as property mortgages, be extremely limited and diluted over time. In 
any case, the imposition of this type of limit requires harmonisation at the international level in 
order to avoid market segmentations due to uneven application at the country level (EBA 2023a; 
ECB-ESRB 2022). 
 
However, the integration of climate risks in determining banks’ capital requirements is opposed by 
supervisory authorities, mainly because of the methodological challenges of identifying climate 
risks with standard risk metrics (EBA 2023a). 
 

3.1 MICROPRUDENTIAL CAPITAL REQUIREMENTS AND SYSTEMIC RISK 
 
On a microprudential level, the task is to integrate climate risks into the weighting criteria for RWA 
with reference to the specific exposure to risk of the subjects financed. However, the application of 
this framework to climate risks presents a series of methodological challenges that basically stem 
from the fact that all the components required to estimate expected losses (EL) are based on 
historical data [cf. Annex A.2.2]. In particular, with reference to probability of default (PD), statistical 
inferences are based on frequencies observed over long periods of time, extended over differing 
economic cycles and oscillating around the average value (i.e. mean reverting processes). On the 
contrary, the frequency and intensity of climate impacts tends to increase over time and to assume 
new dynamics, with the result that the distribution of past data is a poor representation of future 
trends. Furthermore, forecasting models are often based on linear (logistic) regressions, which are 

 
 
29 For the definition of LDG (Loss for Given Default) and PD (Probability of Default) see Annex A.2.2 
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unable to meet the complexity (non-linear nature) of climate factors, which are characterised by 
the interweaving of multiple feedback loops among the variables in play (Bolton et al. 2020; 
Baranovic et al 2021; Sydow et al. 2021). 
 
The difficulty of identifying exposure to climate risks and recognising their systemic nature on a 
micro-analytical level is therefore better addressed by the field of macroprudential measures, i.e., 
the application of additional “fixed” buffers to criteria for the weighting of RWA (Smolenska-van’t 
Klooster 2022; Bossinot et. al 2022; ECB-ESRB 2022)30.  
 
Climate risks, like all systemic risk factors, are, in fact, generally underestimated and require the 
application of aggregate correction factors linked to indirect indicators of potential exposure. The 
differentiated application of additional systemic buffers would therefore require the prior 
identification and classification by the supervisory authorities of the sectors of activity and/or the 
geographic areas in which the banks operate on the basis of their exposure to systemic risk, and 
would also require the assessment of the degree of concentration of the bank’s assets on these 
sectors and/or activities. European Taxonomy could, in this regard, offer an initial conceptual 
framework (Battiston et al. 2017; 2021; Alessi-Battiston 2022), even though the criteria need to be 
harmonised at an international level, by the Basel Committee (CBI 2022). Furthermore, the 
Taxonomy is a high-level classification of macrosectoral contributions to greenhouse gas emissions 
which should be re-mapped in terms of risk exposure, as well as requiring more granularity. The 
mapping of the carbon footprint or environmental impact of economic activities in terms of risk is 
by no means automatic, unless one considers carbon intensity as a proxy for transition risk, without 
considering forward looking decarbonisation plans31. 
 
This last aspect appears to be the real reason why supervisory authorities currently consider it 
problematic to adopt capital requirements as a way to re-orient bank loans in favour of ecological 
transition; i.e., the difficulty of translating the impacts (both direct and indirect) that the financed 
entities have on the environment into metrics to calculate the effective risk exposure for the bank 
that is funding them. It is inevitable that certain economic activities are likely to be penalised by the 
transition, but their future exposure to risk does not necessarily depend on their present carbon 
intensity. Rather it depends on the effectiveness and credibility of their decarbonisation plans and, 
at the same time, on the effectiveness of the measures for adaptation that each activity is going to 
implement. 
 
This consideration introduces the criteria of “transition finance” into the relative conceptual 
framework, i.e., the need for analysis, and therefore also regulation, to explicitly link risk assessment 
above all to the existence and implementation of decarbonisation plans that are in line with the 
goals of Paris [cf. Box 2 - Transition finance]. 
 

 
 
30 In general, climate risks should not concern the countercyclical capital buffer (CCyB), as climate dynamics are not 
related to fluctuations in the economic cycle. Instead, they could affect the capital conservation buffer (CCoB), and 
above all the systemic risk buffer (SyRB), which is currently differentiated exclusively on the basis of the systemic 
entity of the bank and does not consider climate risks. The flexibility of the latter also appears to be well suited to 
being opportunely reconfigured in order to embrace the differences in individual exposure to climate risks (ECB-
ESRB 2022) [cf. Annex A.2.1]  

31 Battiston et al. (2017 and 2021); Faiella-La Vecchia (2020); Carbone et. al. (2021); Alessi-Battiston 2022) 
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3.2 MACROPRUDENTIAL SUPERVISION AND DOUBLE MATERIALITY 
 
In accordance with current prudential supervision, risk metrics are formed on the basis of the 
damages and losses that a financial institution may suffer as a result of climate (“single materiality”), 
while not also taking into account the harmful impact that the institution’s activities may have on 
the external environment (“double materiality”). The principle of double materiality plays a central 
role in the classification of climate impacts, but so far, prudential regulation appears to ignore it32. 
The concept of prudential regulation is, in fact, based on the so-called risk-based approach and is 
aimed exclusively at ensuring that risks are correctly assessed and that the requirements 
established by regulations are adequate to defend each financial institution from said risks. 
 
The current risk-based approach of prudential supervision thus dismisses a priori that regulation 
can be used as a tool to govern the external impacts of financial activities, unless a conceptually 
and statistically robust correlation between said external impacts and the resulting additional 
vulnerability of the assets of the bank could be established (EBA 2023a)33. In other words, if it were 
possible to map the relationship between the (present and future) carbon footprint of the subjects 
receiving credit and the potential risk of losses for the bank, there would be no apparent 
contradiction between the risk-based logic and the adoption of selective criteria based on carbon 
footprint. Unfortunately, this mapping is ambiguous and hard to quantify, and it is for this reason 
that the supervisory authorities appear reluctant to directly connect the Basel’s first pillar to 
decarbonisation indicators (EBA 2023a; ECB 2022a).  
 
The adoption of “double materiality” criteria in setting up the first pillar requires a change in 
perspective for the authorities; it would mean recognising that capital requirements are not 
exclusively to protect the solvency of individual banks, as is currently the case, but can be 
instruments for mitigating the overall climate risks by the re-orientation of credit to favour 
decarbonisation34. 
 
This would undoubtedly constitute a significant change in approach, but it would not be a change 
that is inconsistent with the general philosophy behind the concept of the Green Deal, which, 
through the Taxonomy, explicitly grants finance an active role in supporting transition. On the 
contrary, in our opinion, macroprudential logic itself would, in the specific case of climate risks, 
justify the adoption by the supervisory authorities of the principle of “double materiality” (Gourdel 
et al. 2023). As a matter of fact, in the wake of the 2007-08 financial crisis, the authorities themselves 
recognised the need to combine the traditional microprudential methods of Basel with a 
macroprudential approach in response to systemic risks. 

 
 
32 Oman-Svartzman (2021); Täger (2021); Bossinot et al.(2022) 

33 In this regard, the report by the EBA dedicated to the role of environmental and social risks in the prudential 
framework reads (p 22): “The analysis presented in this report is not aimed at using prudential regulation to 
increase demand for environmentally and socially sustainable assets or penalize environmentally and socially 
harmful assets. While this could be the effect of the risk-based approach to the extent that the environmental and 
social profile of certain assets coincides with the underlying risks, EBA is of the view that a dedicated prudential 
treatment which would explicitly aim to redirect lending could have undesirable and unintended consequences, 
which could have an impact on financial stability.” (EBA 2023a p.22) 

34 Smolenska-van’t Klooster (2022); Chenet et al. (2022); Bossinot et al. (2022); Berenguer (2020) 
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3.3 SYSTEMIC RISK AND EUROPEAN TAXONOMY 
 
The current interpretation of the risk-based approach by supervisory authorities is extremely 
restrictive and appears to be contradictory to the logic of the European Taxonomy, which identifies 
sustainable economic activities on the basis of the contribution that they can potentially make 
towards achieving at least one of the climate and environmental goals without compromising any 
of the others35; in other words, the Taxonomy adopts a criteria of higher/lower contribution of 
economic activities to safeguarding the climate and the external environment (i.e. “double 
materiality”), but without explicitly reclassifying them on the basis of their level of risk36. 
 
For the two forms of logic to be reconcilable, there is no doubt that a conceptual map is required to 
connect “sustainability” and “risk”37. However, this does not necessarily imply that systemic risk 
must be statistically measurable. According to the supervisory authorities, the first condition is, 
from a conceptual point of view, achieved (and it is, in fact, applied to the second and third pillars), 
but it is the absence of the second condition, measurability, that hinders the capital requirements 
of the first pillar from being calibrated in accordance with climate risks. This is why they abstain 
from quantitative measures, relying for the moment exclusively on the internal audit processes of 
intermediaries (the second pillar) for the assessment of climate risk exposures. For the time being, 
the supervisory approach seems to rely just on a progressive fine-tuning of prudential instruments. 
However, this “adaptive” approach taken by the authorities risks being unfruitful and hazardous, as 
the “radical uncertainty”38 that structurally characterises climate impacts will never allow for the 
appropriate quantification of probabilities, leaving the financial system defenceless against climate 
systemic risks, while, at the same time, denying a decisive policy lever for mitigating those risks 
(Bossinot et al. 2022; Smolenska-van’t Klooster 2022). 
 

3.4 MACROPRUDENTIAL LOGIC AND A RISK-BASED APPROACH TO SYSTEMIC RISK 
 
The application of capital requirements as a lever for the pursuit of general climate goals (“double 
materiality”) does not necessarily imply, as is sometimes believed, the abandoning of the risk-based 
approach by authorities (Binder 2022), but rather its reframing from a systemic point of view. The 
extension of the risk-based approach at the macroprudential level reconciles protection 
against risk with policies to orient credit through systemic capital requirements.  
 

 
 
35 Delegated Regulation (EU) 2021/2139 of 4 June 2021 (EU Platform on Sustainable Finance), linked to the Taxonomy 
(Regulation (EU) 2020/852) has defined screening criteria for more than one hundred different types of economic 
activity on the basis of their contribution to mitigating and/or adapting to climate change. 

36 Paradoxically, mechanically adopting the Taxonomy as risk-based criteria would result in considering all activities 
not classified as sustainable as potentially risky. However, as the Taxonomy classifies only 2% of investments as 
sustainable, almost all of the remaining activities would require prudential coverage without any criteria for grading 
the level of risk. 

37 Alessi-Battiston (2022) 

38 Cf. Box 1 (infra) “A new epistemology of risk” 
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The macroprudential approach in fact recognises that systemic risks are endogenous to the 
system, i.e., they are the result of the collective behaviour of agents, and therefore takes measures 
to monitor and orient this behaviour in order to prevent their emergence. From a macroprudential 
point of view, material risks are therefore not only those that externally affect individual institutions, 
but also those that individual institutions contribute towards generating or amplifying.  
 
The Green Deal and the Basel Accords themselves consider the mitigation of negative externalities 
deriving from emissions as currently being one of the dominant factors of systemic risk39. The speed 
and intensity with which these negative externalities emerge are not independent from the 
dynamics of the financial system; to the extent to which it drives and supports said externalities, the 
financial system makes a decisive contribution to determining them, and the resulting effects may 
compromise its own stability (NGFS 2019b; Battiston et al 2021; Carattini et al 2021). This is exactly 
what happened with the financial crisis of 2007-08, because the microprudential regulation in force 
at the time proved unable to deal with it40. Similarly to the financial crisis, the climate crisis has a 
systemic valence that needs to be considered by macroprudential regulation, recognising that the 
emergence of climate risks depends also on the aggregated behaviour of the financial system 
(Aglietta-Espargne 2016; Dafermos-Nikolaidi 2021). This implies that risk-based macroprudential 
regulation itself cannot ignore the role that the financial system (and banks in particular) may 
play in mitigating climate risk and suggests that macroprudential regulation can be embraced 
as an instrument for climate policy in order to safeguard the stability of the system. 
 
From a macroprudential perspective, it would therefore make sense to consider not only a selective 
increase in systemic capital buffers (on the basis of the bank’s relative concentration in 
sectors/areas at risk), but also an instrumental increase in solvency ratios, linking them to 
aggregate indicators of carbon footprint/overall emissions of the entities financed by the bank (e.g., 
the indicators required by disclosure regulations) and, in addition, also to forward-looking 
indicators of how the decarbonisation plans of the financed companies align with the climate goals 
of the European Union41. This would mean directly linking the determination of capital 
requirements of the first pillar to the same KPIs adopted for the third42.  
 
The exposure of individual banks to transition risk is above all related to the composition of their 
loan portfolios, because this is the channel through which the vulnerability of firms to climate-
related events43 is passed on to the bank. An excessive proportion of loans to highly 
energy/emission-intensive activities that do not have plans to align with energy and climate goals 

 
 
39 BCBS (2021a, 2021b); EBA (2021b) 

40 Danielsson (2008); Danielsson et al (2009); Haldane (2013); Onado (2009 e 2017); Gualandri-Noera (2014); Meeks 
(2017) 

41 Cf. Box 2 - Transition finance 

42 Cf. Annexes A.1 and A.2.3 

43 For example increases in energy or coal costs, as well as insurance premiums, and/or the devaluations of their 
market value (stranded assets) due to the climate crisis and mitigation measures requested by the authorities. 
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also results in exposure to any extra costs related to the late adaptation to regulations, as well as 
the associated legal disputes and the possible consequential economic and reputational harm44.  
 
In this light, the available empirical evidence shows not only that European banks are excessively 
financing activities, sectors and businesses that are incompatible with climate crisis mitigation 
(and therefore inconsistent with the Paris goals), but also that their exposure to climate risks 
in relation to their capital is so high as to pose a potential threat to their solvency (ECB 2024a) 

45. It is in fact true that European banks are extending credit to certain sectors whose dependence 
on fossil energy sources appears to be diminishing (for example the oil & gas and automotive 
sectors), but in others, their prospective exposure still appears to be too high (for example towards 
the coal and the energy generation sectors); furthermore, they are not providing sufficient support 
to renewable energy or alternative technologies. Over a five-year horizon, their loan portfolios are 
destined to finance activities whose overall carbon footprint is still 10%-20% higher than the level 
compatible with European climate goals (ECB 2024a)46. The average entity of loans to enterprises in 
line with climate goals is still extremely modest (lower than 100 million), and the exposure of banks 
(EAD) to unaligned firms is, on average, 30%-50% higher than that to aligned enterprises [fig. 2a]. 
Practically all the European banks with higher exposure have loan portfolios out of line with the 
goals of Paris, and their exposure often represents more than 20% of their capital (CET1), and 
sometimes even higher than 40% [fig. 2b]. Exposure would actually be twice as much if all the 
approved lines of credit were fully utilized47. 
 
Although they do not outline a functional relationship in terms of probability, as the authorities 
would like, these evidences clearly suggest both the need to intervene, from a risk-based viewpoint, 
on determining capital requirements to protect banks’ future solvency and the opportunity to 
actively use the policy lever of capital coefficients to increase the support of the banking system to 
the European climate goals. 
 
 
 
 
 

 
 
44 In the analysis by ECB (2024a), 70% of the 95 banks analysed falsely declared they had plans aligned with the 
climate goals of Paris and were therefore exposed to compliance risks.  

45 The analysis by the European Central Bank (ECB 2024a) concerns the loans made by the 95 main banks of the 
Eurozone to enterprises whose decarbonisation plans are compared with the “net zero” scenarios of the 
International Energy Agency (IEA 2021) over a period of 5 years, with the use of the Paris Alignment Capital 
Transition Assessment (PACTA 2020) methodology. The analysis covers 15 technologies applied to 6 high-emission-
intensive sectors, which are jointly responsible for approximately 70% of the industrial sectors GHG emissions (oil & 
gas, coal mining, electricity generation, automotive, steel, cement). With regard to Italy, an analysis carried out by 
Banca d’Italia in reference to 2018 (Faiella et al. 2020) set the portion of exposure of Italian banks to the sectors most 
exposed to transition risk at between 8% and 10.2% of total assets. 

46 European Climate Law (European Parliament and Council 2021) 

47 Above all, the larger enterprises have a ratio of utilized/granted credit of around 50%; therefore the weight of the 
larger enterprises unaligned with the goals of Paris would greatly increase if exposure to granted credit instead of 
utilized credit were calculated. 
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Figure 2 – Alignment of decarbonisation plans financed by European banks to the IEA 2050 net-zero scenario- 
Source: ECB-ESRB (Jan 2024) Tab. 4.5 p.249 

 
(2a) Distribution of banks in the Eurozone by percentage of alignment and average entity 
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(2b) Distribution of banks in the Eurozone by percentage of alignment 
and EAD/CET1 ratio 

 
     

 
 
 
 
 
 
 
 
 
 

 



                                                23 
 
 

BOX 2 – TRANSITION FINANCE 
 
In its recommendation 2023/1425 of June 202348, the European Commission stressed that it 
sees “sustainable finance” not only as the active financing of businesses that are already 
“environmentally friendly”, but also of those who have undertaken a process of transition 
that over time will lead to same levels of sustainability, and that, although the European 
Union does not yet have a legal definition of “transition finance”, the latter should be 
understood to be “the financing of climate and environmental performance improvements 
to transition towards a sustainable economy, at a pace that is compatible with the climate 
and environmental objectives of the EU.”49. 
 
On an international level, the EU is aligned with the reference framework defined by TCFD 
(2021b), OECD (2022), G20 (2022), IPSF (2022), UN HLEG (2022).  
 
“Transition” is therefore understood to mean the process “that leads from present levels of 
environmental and climate performance to a climate-neutral situation that is resilient to 
climate change and sustainable from an environmental point of view” over a period of time 
in line with the climate goals of Paris and the European Union. Therefore “transition finance” 
defines the overall financing of investments and assets that are compatible with the 
“transition”, granted by whatever technical instrument (green loans or other loans for 
sustainability; green bonds or bonds for sustainable development; equity financing and 
specialised loans; green guarantees, etc.)50 
 
In the field of “transition finance”, the definitions of sustainability inspired by European 
Taxonomy51 are not to be interpreted as exclusion criteria, but as trends towards conditions 
to be achieved over time, through planned action.  
 
“Transition finance” is therefore, by nature, forward looking, and takes the form of 
connecting specific forms of finance to: 

a) the definition of environmental, energy and/or climate objectives in line with the goals of 
Paris and EU policies (target setting). 

b) the planning of the process for achieving said goals over a defined period of time (also 
in line with European and international climate policies). 

c) the identification of specific actions instrumental for the purpose (action plan). 

 
 
48 European Commission (2023), On Facilitating Finance for the Transition to a Sustainable Economy, 
Recommendation (EU) 2023/1425 of 27/6/2023 

49 Points (4) and (5) of the introduction to Recommendation (EU) 2023/1425. The same concept also provided the 
basis for the communication from the Commission itself in 2021 on the financial strategy of the EU (Strategy for 
Financing the Transition to a Sustainable Economy COM/2021/390), where it stressed “the need for an inclusive 
approach to sustainable finance irrespective of sector, geographic location, type of agent or their differing starting 
points in transition”. 

50 Cf. ECCO (2023) 

51 European Commission, Regulation (EU) 2020/852 (18/06/2020) 
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d) the periodical monitoring of the alignment of actions with the plan (monitoring and 
disclosure).  

The identification of the end goals and the processes of convergence needs to be based on 
scientific evidence (science based)52, to be comparable with official sector scenarios53 (IEA 
2021), or, in the case of investments in securities, with certified market benchmarks54. 
 

  

 
 
52 Cf. SBT (2019, 2022)  

53 IEA (2021); IPCC (2018, 2022); NGFS (2023b) 

54 The regulations regarding Climate Benchmarks, adopted in November 2019, introduces two types of benchmark: 
“EU Climate Transition Benchmarks” (EU CTB) and “EU Paris-aligned Benchmarks” (EU PAB), and also defines 
appropriate disclosure rules for the benchmarks themselves. Cf. European Parliament and Council, Regulation (EU) 
2019/2089 (27.11.2019) amending Regulation (EU) 2016/1011 as regards Climate Transition Benchmarks. 
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-climate-
benchmarks-and-benchmarks-esg-disclosures_en 

https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-climate-benchmarks-and-benchmarks-esg-disclosures_en
https://ec.europa.eu/info/business-economy-euro/banking-and-finance/sustainable-finance/eu-climate-benchmarks-and-benchmarks-esg-disclosures_en
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4 THE DEBATE OVER THE EFFECTIVENESS OF BANK CAPITAL 
REQUIREMENTS IN DECARBONISATION POLICIES 

 
The modification of capital requirements in macroprudential terms, connecting them to the 
current and prospective carbon footprint of the entities financed, needs to be in line with the 
pursuit of climate goals, while at the same time contributing to the stability of the system. 
However, the two goals could sometimes be in conflict with each other, requiring careful 
assessment of the potential trade-offs. Unfortunately, on this issue, the analysis carried out so far by 
the authorities is of little help. 
 

4.1 SCENARIO ANALYSIS AND STRESS TESTS 
 
The difficulty of capturing climate risks statistically, the uncertain future projections of this category 
of risks, and the conditionality of future climate paths to the mitigation policies that are 
implemented, have driven the authorities to develop two methods for assessing the potential 
impacts of the climate crisis: scenario analysis and stress tests. Neither the scenario analysis nor the 
stress test are forecasts; rather they are counterfactual exercises aimed at exploring the 
characteristics of a range of possible futures (not necessarily probable or desirable), in order to 
assess the suitability of available policies and/or scale up their possible consequential impacts.  
 
Scenario analysis simulates the future evolution of significant macroeconomic variables (physical 
climate damage, energy and carbon costs, inflation, growth, etc.) under alternative hypotheses55; 
stress tests, on the other hand, estimate the potential impact of the scenarios on the income 
account and the balance sheet of financial intermediaries in order to assess the suitability of their 
available capital to withstand extreme shocks56. 
 
The meaningfulness of stress tests depends on the reliability of the counterfactual scenarios and 
the structure of the models on which they are based. In assessing the resilience of the system, 
worst-case scenarios are usually used as input for the stress tests, and the models often adopt 
drastic simplifications in order to make policy shocks manageable (e.g., carbon pricing and/or 
carbon tax) 57. In order to assess the relative effectiveness of alternative policy tools, the structure of 
the scenario simulation models needs instead to be much more clearly articulated, and to adhere 
as much as possible to the actual institutional environment. The structure of the models mostly 
adopted so far by the authorities for scenario analysis does not have the characteristics suitable for 
this second form of use, and therefore tends to underestimate the importance of the interaction 
between climate risks and the behaviour of the financial system. It has, however, been 
demonstrated that by better specifying the role of banks and financial intermediaries, capital 

 
 
55 NGFS (2023a; 2023b; 2023c; 2024) 

56 Alogoskoufis et al (2021); Baudino-Svoronos (2021); ECB (2022a,2023a); ECB-ESRB (2022);  

57 As will be shown further on, the models used by monetary authorities to simulate the short-term impacts of 
climate policies are generally of the DSGE (Dynamic Stochastic General Equilibrium) type, which examine both 
climate policies and the role played by the financial system in an extremely stylised manner.  
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requirements can represent a valuable tool to counter the macroeconomic shocks caused by the 
climate58. 
 
The importance of system-wide stress tests 
 
The potential interaction between climate and financial shocks is the main source of systemic risk, 
but it requires stress tests to also include the behaviour of the financial system, which embraces all 
of the categories of intermediaries59, and to use simulation techniques other than those generally 
adopted60. Neither of these two conditions characterise the microprudential stress tests that are 
periodically carried out by the supervisory authorities on the banking system61. 
 
The channels of distribution of shocks within the financial system depend on the close relationship 
that tightly binds all the institutions operating on the financial and credit markets. The main 
channels of contagion from shock affecting the financial system derive from the dense network of 
interconnected positions of debt/credit within the sector, and the major overlap between the 
securities portfolios of the various operators. The worsening of the financial position of enterprises 
and families due to climate impacts translates, in fact, into increased losses on loans for banks as 
well as on the market value of the securities they hold.  
 
Significant falls in securities affect the value of the portfolios of insurance companies and 
investment funds, which are the main holders. In the short term, investment funds are the main 
vehicle for contagion. A fall in the value of their portfolios would instantly be passed on to the 
shares held by end investors (families and enterprises). If the resulting capital account losses are 
substantial, they can lead to significant disinvestment by the latter, which in turn tends to reduce 
the liquidity of the funds themselves. The funds may therefore find themselves forced to sell off 
significant portions of their own portfolios in order to meet payments, feeding a negative spiralling 
of the securities market value62.  
 
In turn, losses on loans and securities positions can force banks to firstly drain their interbank 
liquidity and to turn to financing from the central bank as lender-of-last-resort, while, at the same 
time, liquidating their own positions in mutual funds and securities, aggravating the liquidity 
shortage of the former. 
 
Banks and insurance companies have slower reaction times, but these are no less hazardous. 
Furthermore, regulations set minimum capital requirements on both categories, which are 

 
 
58 Gerali et al. (2010); Matikainen (2017); Dankert et al. (2018); Van Lerven-Ryan Collins (2018); Esposito et al (2018, 
2020); Berenguer (2020); Carattini et al. (2021). 

59 Anderson et al. (2018); Brazier (2017) 

60 Schmieder et al. (2012); Gai-Kapadia (2010); Gai (2013); Wiersema et al. (2019), Aickman et al. (2019); Cont et al. (2020); 
Farmer et al. (2020); Sydow et al. (2021); Dubiel-Teleszynski (2022).  

61 EBA (2018); ECB (2022a, 2023a) 

62Unlike banks, investment funds do not have access to refinancing from the central bank and can only react to 
liquidity crises by releasing the securities portfolio. It is however possible that in particular situations, hedge funds 
take countercyclical positions, mitigating rather than amplifying the final effects of stress (Gourdel-Sydow 2022) 
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calculated on the market value of their risk-weighted assets63. Losses on loans and securities 
caused by climate shocks have the dual effect of eroding the value of assets and increasing risk 
coefficients. In order to respect the regulatory requirements, banks and insurance companies need 
to ration credit and to sell part of their financial portfolio. The reaction of banks and insurance 
companies to shocks therefore tends to also gradually feed downward spiralling in financial 
markets and reduce credit for the economy.  
 
The more firms and consumers are financially vulnerable, the broader are the negative effects of 
feedback on the economy. If the former have excessive debt, the worsening of access to finance 
forces them to turn to deleveraging (i.e., to releasing assets to pay off accumulated debt), and may 
even lead many towards insolvency. If the shocks are significant enough, or the level of financial 
fragility of operators is high, these dynamics can degenerate into serious solvency crises for the 
entire system, spreading from firms to banks, from banks to financial markets, and from financial 
markets to investors. 
 
In order to take into account the potential systemic risks resulting from the chain-reaction of the 
system to initial shocks, stress tests need to be able to dynamically reconstruct the entire sequence 
of events. In other words, models cannot limit themselves to the comparative statics of traditional 
exercises; they need to be iteratively resolved through sequential scenarios, in which each scenario 
has serial impacts on rates of insolvency and market values. In the sequence, the reaction of 
operators to the first shock generates cascading reactions in the following stages, until the chain 
reaction ceases to cause further losses and the process dies out64. 
 
With regard to the European context, interesting results have emerged from simulations of this 
kind carried out by the Bank of England and the European Central Bank65. In both cases, the 
simulations have empirically confirmed how stress tests that include multiple categories of 
financial operators (system-wide stress tests), and in which shocks are simulated in multiple 
successive rounds, lead to the emergence of highly significant amplifying impacts. 
 
The simulation by the European Central Bank (Sydow et al. 2021), based on historical data from the 
end of 2019 and replicating the scenario of the “COVID-19 Vulnerability Analysis of 2020”66, shows 
that the inclusion of investment funds alongside banks in the sequential analysis leads on average, 
over the course of just two quarters, to an additional erosion of bank capital of more than 1% over 
that estimated in the 2020 stress test. The main channel of impact in this case is the simultaneous 
liquidation of securities portfolios characterised by heavy overlap between banks and funds. The 
exercise does not, in fact, take into account other elements that may further amplify initial shocks 
(such as, for example, derivative positions and the implicit leverage of setting margins), nor does it 

 
 
63 The minimum capital requirements for banks are defined by the Basel Accords (cf. Annex A.2 infra). Instead, 
European insurance companies are subject to similar regulation, which is governed by the Solvency II Directive. 

64 Montagna-Kok (2016); Aickman et al. (2019); Farmer et al. (2020); Sydow et al. (2021). 

65 The reference to the institutions does not necessarily reflect their official positions. However, the working papers 
they publish take into account developments in the technical and theoretical tools available to the authorities. 

 66 Cf. ECB (2020), Covid-19 Vulnerability Analysis. Results Overview, July 28 2020, 
https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr200728_annex~d36d893ca2.en.pdf  

https://www.bankingsupervision.europa.eu/press/pr/date/2020/html/ssm.pr200728_annex~d36d893ca2.en.pdf
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consider the behaviour of other important categories of intermediary such as insurance companies, 
hedge funds or financial market management companies (central counterparties or CCP) 67. 
 
The exercise carried out by the Bank of England (Farmer et al. 2020) is also interesting for another 
three reasons: (a) because it bases estimates on the specification of a structural model that 
endogenises the dynamic behaviours of differing categories of intermediary (banks, investment 
funds and hedge funds); (b) because it takes into account multiple channels of contagion 
(overlapping of portfolios, interbank networks, exposure to credit risk, setting margins and 
derivatives); (c) because it offers results that are directly comparable with those of the EBA stress 
test (2018), as in both exercises, the initial exogenous shocks are the same. Unlike microprudential 
stress tests, the system-wide exercise carried out by Farmer et al. (2020) confirms that extending 
the analysis to also include the behaviour of intermediaries other than banks and identifying 
multiple channels of contagion produces systemic risks much higher than those identified by 
traditional stress tests (as much as five times greater)68. 
 

4.2 THE CHANNELS OF TRANSMISSION OF CAPITAL REQUIREMENTS 
 
The effectiveness of any macroprudential policies correlated with climate risk depends on the 
design and calibration of the actions, which can be of varying form but that, in general, involve 
integrating climate and environmental risks in weighting RWAs.  
 
There are fundamentally four solutions taken into consideration in academic debate [cf. Annex 
A.3.1]: 

a) The introduction of a brown penalizing factor (BPF), i.e., an additional risk weighting 
associated to the exposure of the bank to high-emission-intense sectors/firms. 

b) The introduction of a green supporting factor (GSF), i.e., a reduction in weighting associated 
with green and sustainable assets. 

c) The simultaneous application of both a BPF and a GSF. 

 
 
67 The carrying out of the wide stress test by the ECB does not even take into account possible compensatory 
reactions from the monetary authorities in favour of banks, which would obviously mitigate the impacts, as was the 
case during the pandemic with Emergency Liquidity Assistance (ELA). In the same spirit, neither is any analysis 
made of other forms of crisis management by the authorities, as was done for example in Fukker-Kok (2021), where 
optimal control techniques for the management of endogenous interbank recovery rates were simulated under 
various alternative methods for liquidating securities by intermediaries.  

68 The EBA stress tests (2018) with which the system-wide exercise is compared are in line with the general 
guidelines of the ESCB (2018) and are based on scenarios in which the shocks to the main macroeconomic variables 
(GDP, unemployment, value of real estate and shares) are created by drawing on the most severe experiences of the 
past and on the current level of exposure of banks to risk. In the ordinary stress tests, the level of the final impacts is 
proportionally dependent on the degree of the initial shock alone, the higher the intensity of the initial shock, the 
greater the impact. The exercises by the EBA, in other words, identify the overall effect of extreme historical events, 
but they do not highlight the internal dynamics of sequential amplification of the shocks. However, this dynamic is 
of great importance, as, once it has been identified and reproduced, it shows that severe final impacts can derive 
not only from extremely heavy shocks, but also from modest initial shocks. It is, in fact, the mechanism of 
endogenous self-feeding that greatly amplifies systemic risk. 
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d) The so-called Environmental Risk Weighted Assets (ERWA) method, which consists of 
multiplying each traditionally weighted RWA by a corrective coefficient with a value of 
between 0.5 and 1.5 in accordance with the climate-environmental impact of the asset in 
question, and where values lower than one are assigned to assets with no impact or positive 
impact on the environment (Esposito et al. 2018, 2020). 

Alternatively, the adjustment could take the form of a reward (GSF) or penalty (BPF) not with 
regard to the calculation of RWAs, but rather to that of the additional systemic solvency ratio, 
connected, for example, to the level of the bank’s Green Asset Ratio (GAR) and the Banking Book 
Taxonomy Alignment Ratio (BTAR) [cf. Annex A.2.3]. 
 
The introduction of a BPF would raise the cost of capital for banks that fund activities that are not in 
line with the goals of Paris and the Green Deal and, ceteris paribus, would also increase selectivity 
in the recomposition of risk-weighted assets, encouraging the banks to adopt stricter climate and 
environmental assessment criteria. The entire banking system would thus be encouraged: (a) to 
save capital by both increasing interest rates on loans granted to “non-virtuous” (or brown) entities, 
and by rationing credit to these counterparties, (b) to adopt ever stricter environmental risk 
assessment criteria, and (c) to increase the proportion of “sustainable” securities in their portfolio. 
The introduction of a GSF would set in motion the same selective process, but this time working in 
favour of “virtuous” (or green) debtors. For this reason, the adoption of a green supporting factor 
was the method originally indicated by the EU HLEG (2018). 
 
In general, the adoption of either a BPF or a GSF has similar effects on the behaviour of banks, but 
can lead to different macroeconomic impacts according to the relative elasticity of the response 
from the various operators. Manoeuvres involving capital requirements tend, in fact, to influence 
macrofinancial variables through four main channels: (i) overall credit volume; (ii) reallocation of 
credit between sectors and firms; (iii) the general level of bank interest rates and (iv) the 
discriminating effect of differentiated bank interest rates [fig. 3]. Historically, each of these 
channels has proven to be important within the European institutional context, where the central 
role played by banks in the transmission mechanism tends to heighten the restrictive impact of 
supply shocks and to smooth the effects of adverse demand shocks (Gerali et al. 2010). 
 

- The first channel is the overall dynamic of bank credit; a higher/lower capital requirement is, 
in fact, mirrored by a lower/higher offer of credit for the economy from the entire banking 
system. In the case of the BPF, the total volume of credit tends to diminish, while in the case 
of the GSF, it tends to increase. 

- This primary effect is joined by a second, related to the revision of the weightings associated 
to the level of risk of loans in the calculation of RWAs and to the application of stricter 
assessment procedures by banks. In both cases, the overall effect is a reallocation of the loan 
portfolios of banks from brown to green loans, and the intensity of this process depends on 
the responsiveness of the receivers of funds to the new banking procedures. 

- The third channel, related to the average level of lending rates, cannot be defined in 
advance, as it depends on the balance created in the market between demand for and 
supply of credit, which is, in turn, the result of other variables (such as monetary policy and 
the economic cycle). As demonstrated by the financial crisis, an increase in the BPF 
coefficient tends to accentuate the procyclical nature of bank behaviour, while a reduction 
in the GSF tends to attenuate it (in both directions).  

- As far as taxes are concerned, all other conditions remaining the same, the BPF raises bank 
rates and reduces demand for credit from the penalised sectors; while the GSF, by lowering 
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capital requirements, reduces the cost of credit and increases demand from the rewarded 
sectors. Lastly, for debtors, the differentiated assessment of credit risk results in more 
discriminating rates in the case of the BPF and in more beneficial rates in the case of the 
GSF. 

 
Figure 3 – Transmission channels of green and non-green differentiated capital requirements. 

Source: Dafermos-Nikolaidi (2021) 
 

  
 

 
The combination of these channels influences the intensity of the effects, but does not change the 
direction which, in all simulations, results in a net reduction of credit to less climatically virtuous 
assets and a net shifting of resources in favour of green assets, with a consequentially more intense 
and accelerated decarbonisation process. 
 

4.3 PROS AND CONS OF GSF AND BPF 
 
The effects of substituting brown loans with green loans, redirecting bank assets towards 
presumably more resilient activities would also result, in the medium to long term, in a lower 
exposure of the banks themselves to climate risk.  
 
This does not however mean that, in the short term, they will also be immune to transition risk. If 
the reduction in the flow of financing to non-green sectors/firms is, for example, too intense and 
rapid, this may have a destabilising effect on the solvency of the sectors/firms concerned, and 
would have negative feed-backs on the banks themselves; in addition, if at the same time there is 
an excessively heavy and accelerated diversion of resources to green sectors/firms, this could lead 
to undesirable speculative green bubbles.  
 
This last shortcoming appears to be particularly pertinent in the case of application of GSFs. 

- The main purpose of capital requirements is to defend banks from unexpected shocks, and 
their reduction would only be justified if green loans were uniquely associated with a lower 
risk of insolvency of borrowers. This relationship has, however, not been empirically proven. 
On the contrary, there is a possibility that credit risks for green loans could sometimes be 
even higher, for example in the case of funding for start-ups or new technologies that may, 
over time, prove unsuccessful. An exclusive focus on the green aspects of financed projects 
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may therefore lead to other, non-climatic risks being underestimated, fostering 
opportunistic behaviour (moral hazards), encouraging excessive indebtedness of borrowers 
and thus creating a context of more rather than less vulnerability. In this case, faced with an 
higher financial fragility, the banks would find themselves endowed with lower capital 
defences. If the current levels of capitalisation are to be considered well suited to protecting 
banks against non-climate risks, there is no reason to reduce these defences. Taking into 
account other risk factors, such as climate, should be part of a logic of addition, not of 
substitution, in capital requirements.  

- GSFs are inevitably linked to the adoption of an exclusively policy-oriented logic, in which 
priority is given to diverting resources towards green investments, irrespective of protection 
from risk69. However, even accepting the idea that GSFs are adopted purely for the purpose 
of encouraging credit reallocation, there are doubts over their true effectiveness in 
promoting green investment. The experience in Europe with a coefficient that favours small 
and medium enterprises (SME supporting factor) has not, in fact, produced the hoped-for 
results in terms of the allocation of credit to these entities, but it has resulted in a reduction 
in the overall capitalisation of the banking system (EBA 2016; Mayordomo et al. 2018; 2DII 
2018; Dietsch et al. 2020) 70. 

- Lastly, even if the GSF stimulates green loans, there is no guarantee that the increase in the 
latter will result in a parallel reduction in brown loans.  

The adoption of the BPF, i.e., a penalising factor for the most pollution intensive sectors/firms, 
therefore appears to be preferable to rewarding green entities with the GSF. BPFs could easily be 
modulated in order to not have disruptive effects, and to gradually adopt the system in a process in 
line with the EU climate goals (for example connecting them to prospective decarbonisation 
programmes rather than to current carbon footprints), sending the right signals to operators. BPFs 
do not erode the overall asset protections of banks; rather they bolster them, and they therefore do 
not appear to contradict the risk-based logic of prudential supervision. On the contrary, on the 
basis of the assumption that the market is unable to correctly assess climate risks (particularly with 
regard to their systemic valence), and that these are generally either ignored or underestimated, 
the BPF appears to be a correction that is not only suitable, but also necessary. 
 
However, the adoption of the BPF is not without potential problems (Berenguer 2020):  

- it is possible that the higher cost of capital penalises weaker counterparties, such as SMEs, 
and those without access to alternative technological options (the so-called hard-to-abate 

 
 
69 However, in this case, the potential collateral effects on risks of a different nature cannot be ignored and need to 
be compensated with an increase in the other components of the solvency ratio related to risk factors other than 
those related to climate, in order to keep the overall level of bank capitalisation at a suitable level.  

70 In 2014, the European Union introduced two incentives that acted on capital requirements in favour, respectively, 
of SMEs (SME supporting factor or SME SF) and of infrastructure (Infrastructure supporting factor, or ISF), with the 
aim of reducing the cost of capital by 15%-25% for SMEs and by 25% for infrastructure. The ISF applied conditions 
that limited risk for the financing agent, for example that at least two thirds of the capacity for repayment of the 
loan should be generated by the project being financed. This increased the predictability of cash flows and 
guaranteed increased financial sustainability, compensating a lower ISF. Instead, for the SME SF, no mechanisms 
were provided for to mitigate the risk of loans, and the results in terms of reallocation proved controversial; with a 
saving in capital for the European banking system estimated at 12 bn (EBA 2016), loans to SMEs in the two 
successive years increased by 10% (Dietch et al. 2020), impact often appeared to be uneven and leaned towards 
medium and large firms, i.e., those in better credit risk classes, indicating that in reality, the banks had not modified 
their previous criteria for allocation (Mayordomo et al. 2018).  
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sectors). In these cases, connecting penalising factors to prospective decarbonisation goals 
(forward-looking targets) rather than to current carbon footprint indicators appears to be an 
inevitable measure in order to encourage rather than hinder the implementation of 
transition plans. 

- With all other circumstances being equal, by increasing the overall capital requirements for 
banks (and therefore its cost), BPFs tend to reduce the supply of bank credit, and it cannot 
be assumed for sure that credit rationing is to the exclusive detriment of “brown” sectors. 

- Even if BPFs prove to be effective in discouraging the most harmful activities, they provide 
no incentive for investing in more promising enterprises, and therefore they provide no 
guarantee that the reallocation of resources will be directed towards solutions and 
technologies aimed at accelerating ecological transition. 

- Lastly, the application of penalising coefficients could shift part of the demand for financing 
to lenders that are not subject to supervisory regulation, thus encouraging the so-called 
shadow banking (which played a dominant role in the spread of the financial crisis in 2007-
08) or forcing banks to free capital through the securitisation of unsustainable assets (which 
points to the necessity for specific regulation of the latter71). 

An intermediate option for minimising any possible distorting effects could be the simultaneous 
adoption of both appropriately calibrated GSFs and BPFs (Dafermos-Nikolaidi 2021). 
 

4.4 EMPIRICAL SIMULATIONS 
 
The empirical evidence shows that capital requirements have a significant influence on both the 
volume of credit and the level of bank interest rates72. As a consequence, the debate has recently 
widened to also include the possibility of using this tool to align the behaviour of the banking 
system to the goals of Paris73, even though contributions to quantitatively assessing the 
implications are few74. 
 
As is well known, in macroeconomics, the drawing up of policies for short-term stabilisation is 
subject to widely divergent theories which cannot be examined here. However, two from this field 
can be considered the main approaches; the DSGE (Dynamic Stochastic General Equilibrium)75 and 

 
 
71 Cf. ECCO (2023) 

72 Aiyar et al. (2014); Akram (2014); De-Ramon et al. (2016); De Marco-Wieladeck (2015); Meeks (2017); Fraisse (2017); 
Imbierowicz et al. (2019) 

73 EU HLEG (2018); Schoenmaker-Van Tilburg (2016); D’Orazio-Popoyan (2019); Esposito et al. (2018 e 2020); Berenguer 
(2020); Oehmke (2022); ReCommon (2024) 

74 Thomä-Gibhardt (2019); Punzi (2018); Dunz et al. (2020); Dafermos-Nikolaidi (2021). 

75 DGSE models have been implemented for some time and have seen widely differing evolutions. Originally, these 
were strictly neoclassical in nature, with perfect markets, the behaviour of operators creating optimal conditions at 
microeconomic level, rational expectations and a spontaneous tendency to long-term stability. Economic policy 
(fiscal and monetary) played no role in these models. Disturbances in the economic cycle and uncertainties resulted 
exclusively from supply shocks due to technological innovation. Further on, DGSE models also gradually 
incorporated hypotheses typical of the neo-Keynesian tradition, i.e., imperfections and friction in market operations 
and, above all in the wake of the 2007-08 financial crisis, they also considered - in various ways - the role of financial 
intermediaries and the redistributive effects deriving from the disaggregation of the behaviour of certain categories 
of agent (Christiano et al. 2018; Coenen et al. 2018; 2023; Annichiarico et al. 2021). 
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the SFC (Stock-Flow Consistent)76 models. The first is by far the most dominant, adopted by 
governments, international institutions and central banks; the second, instead, represents an 
alternative approach, one that is more attentive to interactions between various agents and in 
particular to the role of the financial system.  
 
The DGSE-type models used by monetary authorities to simulate the short-term impact of climate 
policies tend to underestimate the collateral effects of decarbonisation policies. Generally, these 
models use the price of carbon (or the carbon tax) as the sole policy tool, assessing the impact on 
the main macroeconomic variables, without taking into account the potentially destabilising 
behaviour of the financial system77. It is only in recent years, in the wake of the 2007-2008 financial 
crisis, that standard DSGE models have been expanded to explain these aspects78, and even the 
models of the ECB have recently incorporated this (Coenen et al. 2018). However, according to the 
logic of this type of model, the actions of financial intermediaries are specified in an extremely 
generalised manner and are treated exclusively as generators of “friction” that disturb the natural 
process of adjustment towards market stability79. These models are therefore not useful for 

 
 
76 SFC models are inspired by post-Keynesian-type theories that emphasise the role of aggregate demand in 
processes of growth and the physiological instability of the system. SFC models have an extremely disaggregated 
structure, in which the behaviour of each category of agent (families, firms, financial intermediaries and the public 
sector) generates real decisions (consumption, savings and investments) and financial flows (variations in financial 
assets and liabilities) that interact and modify the composition of their budgets and impact market equilibria. The 
macroeconomic behaviour of agents is neither optimised nor rational, but is, instead, governed by behavioural 
heuristics (bounded rationality), and markets are not perfect. The interaction between these forms of behaviour, 
therefore, does not necessarily lead to full employment and stability. The correction of imbalances and “market 
failures” requires the intervention of active economic policies. This type of models is able to understand phenomena 
of imbalance and instability, above all those that have an impact on the financial system (or even originate from 
within it). Cf. Goodley-Lavoie (2012); Caiani et al. (2016); Dafermos et al. (2017, 2018); Dafermos-Nikolaidi 
(2020,2021,2022); Monasterolo (2020); Dunz et al. (2021, 2023) 

77 For example, a simulation of the impact of short-term climate policies carried out by Coenen et al. (2023) with the 
econometric model of the ECB (modified to differentiate between the behaviour of fossil-energy producers with 
that of renewable-energy producers) shows that a significant increase in the price of carbon leads to only a 
temporary increase in inflation and a permanent reduction in GDP, the entity of which fundamentally depends on 
two factors: the elasticity of substitution between fossil energy and clean energy, and monetary policy. Through the 
reduction in energy consumption and the substitution of fossil energy with green energy, emissions are reduced to 
a greater extent than GDP, although this reduction is still insufficient with regard to European goals. In order to 
obtain effects on emissions in line with these goals, a much broader variation in the price of carbon (or of the carbon 
tax) would be necessary, and consideration would also have to be made of other types of action that the model does 
not consider (public investment, supervisory policies, etc.). The model therefore provides a misleadingly reassuring 
picture of the trade-off between a reduction of emissions and the evolution of economic activity and tends to 
underestimate the risks of transition. In the exercise in question, the increase leads progressively to a price of 140 
$/tCO2 in the 2022-2030 period, in line with the forecasts of ECR (Effective Carbon Rates) made by the OECD; this 
variation in the price of carbon leads to a moderate slowing down in consumption (-0.7%) and a more significant fall 
in investments (-2.5%), with a permanent negative impact on GDP (-1.2%), i.e., an extremely modest annual reduction 
in product (-0.125%). The parallel effects on inflation (driven by energy costs) are of limited duration (4 quarters) and 
restricted impact (+0.2%), and they gradually return to initial levels over the period considered by the simulation. 
GHG levels fall overall by 7% over the period in question, an irrelevant amount in comparison to the goals to half 
emissions set by the European Union. 

78 Gerali et al. (2010); Gertler-Karadi (2011); Gertler-Kiyotaki (2015); Gertler-Kiyotaki-Prestipino (2016); Christiano-Motto-
Rostagno (2014) 

79 Traditional DGSE models typically adopt the so-called approach of the “financial accelerator” or ILF 
(Intermediation Loanable Funds), in which the banks only lend funds previously gathered in the form of deposits 
and optimise in the margin between the cost of their gathering and the returns from their use. In these models, the 
constraints of family and company budgets are determined by the availability of savings, and the impact of banking 
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examining the implications of the application of differentiated capital requirements with a 
sufficient level of realism. 
 
There are, however, a number of interesting exceptions. In certain academic DGSE exercises 
designed to analyse the macroeconomic impact of climate policies, additional elements are 
introduced that further specify the role of intermediaries, and these demonstrate that the use of 
macroprudential capital requirements, while proving of little importance as a stand-alone lever for 
climate policy, can however play a decisive role in mitigating transition risk generated by 
aggressive decarbonisation policies (Punzi 2020; Carattini et al. 2021). These findings therefore show 
that macroprudential policies are a necessary component of climate policies in terms of 
reducing the exposure to risk of financial intermediaries who, without suitable capital 
requirements, serve only as channels for the amplification of systemic risks. As climate policies 
become increasingly aggressive, additional capital requirements linked to climate risks are ever 
more necessary. 
 
Carattini et al. (2021), using an E-DGSE80 model calibrated to the US economy, has, for example, 
simulated the impact of the sudden introduction of a carbon tax both in the absence and in the 
presence of additional capital requirements for banks81. The unanticipated introduction of a carbon 
tax has the effect of generating an accelerated substitution of “brown” sectors with “green” sectors, 
reducing the value of the former (stranded assets) and generating losses in bank assets to which 
banks react by reducing credit. These losses increase in line with the initial share of loans to “brown” 
sectors rather than “green” sectors; if the share is high, the losses suffered by banks leads to an 
indiscriminate reduction in credit that also affects “green” sectors, with recessive impacts on the 
entire economy. As the level of transition risk for banks depends on their exposure to the “brown” 
sectors when the carbon tax is adopted, macroprudential policies that use selective increases in 
capital requirements to force banks to reduce the weight of “brown” sectors in their portfolios are 
fully in line with the mandate of the supervisory authorities to protect the financial stability of the 
system. 
 
Macroprudential policies thus render the banking system less reactive to any adverse impact of 
climate policies, making them more effective, eliminating the destabilising feed-backs that they 
may generate82. Climate policies and macroprudential policies are therefore complementary, 
and one is not a substitute for the other. The simulations of the model show, in fact, that using 
macroprudential policies as an alternative for other climate policies is not efficient. When 
macroprudential policies are simulated in the absence of the carbon tax, the dynamics of product 

 
 
behaviour on the stability of the system only emerges in the form of a reallocation of available resources through 
the varying of bank interest rates (Jakab-Kumhoff 2019). 

80 DGSE models adapted to assess the impact of climate policies are known as E-DGSE (Ecological-DGSE). 

81 The model uses the carbon tax as a proxy for climate policy and the setting of a limit on bank leverage in the form 
of additional capital coefficients as an element of “friction” in the granting of credit by banks. 

82 The model used by Carattini et al. (2021), not only to simulate the impact of the implementation of a carbon tax 
but also to carry out exercises in reverse engineering, endogenising optimal policies, i.e., resolving the model in 
accordance with end goals provided in an exogenous manner (reduction of emissions and growth) and comparing 
the outcomes of various combinations of climate policies (carbon tax) and macroprudential policies (capital 
coefficients). The results confirm that the adoption of a mix of climate policies that also includes suitable 
macroprudential measures optimises the trade-off between carbon tax, growth and financial stability. 
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are higher, but so also are emissions. However, using capital requirements that are differentiated 
between “brown” and “green” assets does not result in effects on emissions that are significantly 
different from a single requirement that is the same for all assets. The results of the model 
confirm that two goals require two policy tools; the carbon tax affects emissions, and capital 
requirements safeguard stability. 
 
Dafermos-Nikolaidi (2021) demonstrate that the use of well-balanced differentiated capital 
coefficients results in a reduction of the exposure of the banking system to climate risk. The 
combined implementation of the BPF and the GSF allows the first to reduce the exposure of 
banks to transition risk and the second to mitigate the adverse effects of credit rationing 
(supporting sustainable investments that may suffer as a result). Even in this case, two goals 
(financial stability and decarbonisation) have two distinct corresponding tools. 
 
The Dafermos-Nikolaidi model has a theoretical framework that differs greatly from the DGSE 
models adopted by the authorities83, and it has characteristics that are particularly suited to 
offering a granular study of the effects of differentiated capital requirements for banks (GDCR or 
green differentiated capital requirements); the structure of the model in fact specifies in a detailed 
and distinct manner the factors that influence the supply and demand for credit while at the same 
time separately identifying the carbon footprint of various types of loan.  
 
The model not only distinguishes between loans for green assets and conventional loans, but also 
differentiates assets in terms of the relationship between emissions and the added value of the 
sectors to which they belong.  
 
The approach adopted by Dafermos-Nikolaidi (2021) in specifying the role of banks is similar to that 
of Jackab-Kumhof (2019) known as FMC (financing through money creation), in which banks create 
money (deposits) endogenously through the granting of loans, i.e., providing depositors with 
resources in excess of their initial liquid balances (overdrafts). This approach to bank models allows 
for an exploration of the possibilities of banks extending the budget constraints of firms and 
families, resulting in an additional dependence of their behaviour on the regulatory constraints to 
which banks are subject. In this manner, the conditions for the supply of credit can be studied 
separately from those that determine demand, allowing the analysis of credit rationing by quantity 
and by price discrimination. This modelling strategy appears more realistic than the one adopted 
by the majority of DGSE models and takes into account the more significant role played by the 
financial system in amplifying shocks to real macroeconomic variables. 
 

 
 
83 The DEFINE 1.1 (Dynamic Ecosystem Finance Economy) model by Dafermos et al. (2017; 2018; 2022) is of the SFC 
(Stock-Flow Consistent) or agent-based type, in which the behaviour of the various agents (financial intermediaries 
included) is specified in a granular nature in the form of their balance sheets, which are modified by the flows 
deriving from their interactions (real and financial transactions). The dynamics of the resulting system are complex 
and non-linear. Unlike in the DGSE models, the agents are unable to optimise their behaviour in an intertemporal 
manner; they act in conditions of bounded rationality and in a situation of radical uncertainty. The markets are not 
perfect, and the system does not spontaneously tend towards stability; it is instead intrinsically unstable (Goodley-
Lavoie (2012); Caiani et al. 2016; Monasterolo 2020) [cf. Annex A.3.2].  
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The simulations carried out by Dafermos-Nikolaidi (2021)84 confirm that capital requirements 
contribute to decarbonisation by shifting the allocation of credit from “brown” sectors to “green” 
sectors, but that by themselves do not offer sufficient policy leverage and need to be used to 
complement other specific policy instruments (carbon tax, green tax allowances, etc.). On their 
own, capital requirements do not sufficiently accelerate the passage to non-fossil energy, and 
therefore do not significantly slow-down emissions or sufficiently reduce the resulting 
“physical” climate risks. They do, however, bolster the effectiveness of combined 
decarbonisation policies, and above all they generate collateral benefits for the financial 
system85. 
 
In the exercise by Dafermos-Nikolaidi, the application of the various policy instruments is compared 
with a baseline scenario in which no other mitigation policies are applied beyond those already in 
force86. In the baseline scenario, climate change drives a progressive fall in productivity and, 
together with an increase in extreme climate events, progressively reduces both growth of GDP 
and the profitability of firms. The situation, however, tends to assume a particularly destabilising 
dynamic once global warming passes the 2°C threshold (just after mid-century). Beyond this 
threshold, the exponential increase in adverse climate impacts accelerates the deterioration in the 
profitability of firms and increases their rate of insolvency (which could be considered a proxy for 
the impact of physical risks). In turn, business losses result in a progressive erosion of banks’ capital, 
despite the adoption of tighter and more selective credit policies. Both the depletion of banks’ 
capital and the increase in leverage have a ceiling set by minimum regulatory requirements, and 
once the limit has been reached, banks will be forced to recapitalise and/or reduce assets. 
 
In the exercise conducted in the absence of other climate policies (carbon tax, public investment 
and/or allowances), the lever provided by obligatory capital requirements (in any combination) is 
unable alone to halt the deterioration of the climate, which, in all scenarios, results in the 
progressive reduction of bank capitalisation. However, this outcome is of varying intensity, 
depending on the combination of the differentiated capital requirements applied to the banking 
system. Therefore, the possible benefits of the adoption of differentiated capital requirements can 
be explored in relative terms, vis-à-vis the baseline scenario. 

 
 
84 The numerical simulations are calibrated on global data and the key parameters, where pertinent, are deduced 
from previous studies and, when unavailable, are estimated econometrically by the authors. The simulations cover 
the 2018-2100 period, but macroprudential policies have effect from 2022 

85 In the model-based simulations, the conclusive reduction of GHG emissions directly related to the application of 
differentiated capital requirements appears to be fairly modest, above all because in the models, the conclusive 
effects are the result of a long chain of actions (policy tools➔banks➔economy➔GHG), each characterised by partial 
elasticities that reduce their impact. This evidence has often been used to support the idea that capital 
requirements are ineffective as a credit policy tool, and that they should focus exclusively on covering risk. This, 
which is actually a common characteristic of exercises carried out with models of differing structure and theory, is a 
result that emerges not only with regard to capital requirements, but also for the climate impacts of other 
macroeconomic policies (monetary, fiscal and of carbon pricing), confirming the impression that none of these 
policies alone are decisive, but that their convergent application could be. 

86 The simulations examine the impact of different combinations of policy tools and compare the trends in emission, 
energy and macroeconomic variables with a baseline in line with the IPCC SPP (Shared Socioeconomic Pathways) 
scenarios, in which mitigation policies either remain in line with those already implemented (SSP2) or are slowed by 
geopolitical fragmentation and conflict (SSP3). The baseline scenario tends towards a level of warming of +3.2°C by 
the end of the century. 
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The exercise shows that the simultaneous adoption of both BPFs and GSFs always generates 
relatively more favourable dynamics than the baseline scenario [cf. Annex A.3.3]87: 

• In both cases (the separate adoption of BPFs and GSFs alone), there is a reallocation of credit 
in favour of “green” investments, which are favoured by lower credit costs and which, with 
the progressive increase of their proportion of the total, also reduce the overall risk exposure 
of bank assets; this, in turn, encourages the expansion of the volume of credit (with a further 
increase in bank leverage, i.e., the ratio between assets and capital) and also lowers the 
weighted average of bank interest rates. Furthermore, the reallocation of credit towards 
sustainable investments accelerates the transition to non-fossil energies, slowing emissions 
and reducing the degree of climate harm. 

• However, BPFs and GSFs have differing effects on the level of credit rationing and on bank 
rates; BPFs alone lead to a higher, generalised rationing of credit, an increase in firms’ 
insolvency and consequently less support for economic activities; on the contrary, GSFs 
provide support for some firms and reduce their financial deterioration.  

• In the case of the application of GSFs alone, the greater increase in bank leverage compared 
to the BPFs could be considered an indicator of the increased relative vulnerability of the 
system and its latent instability; vice versa, the application of BPFs alone results in a lower 
exposure of the banks (less leverage), but this difference appears negligible when compared 
to the much greater degree, in all scenarios, of the erosion of banks’ Tier 1 capital resulting 
from the direct and indirect impacts of climate change. 

• The joint adoption of BPFs and GDFs tends, instead, to improve all these dynamics (to an 
extent that obviously depends on how the tools are calibrated in relation to the key 
parameters of the model88), but, in any case, either versus the baseline scenario or versus the 
alternative scenarios with the application of BPFs or GSFs alone, it provides unambiguous 
qualitative indications:  

o Lower relative losses in terms of GDP. 
o Higher relative proportion of renewable sources in energy production. 
o Improved dynamics of GHG emissions and lower global warming. 
o Improved profitability and lower rates of insolvency among firms (i.e., lower impact of 

physical risk). 
o Lower credit rationing and lower spread of interest for green enterprises. 
o Higher credit rationing and higher spread of interest to brown enterprises, in line with 

the baseline scenario. 
o Lower increase in bank leverage (i.e., lower vulnerability to transition risk). 
o Slower deterioration in bank capital.  

 
 
87 Obviously, the simulation produces results that must be read in terms of their qualitative value, since their 
quantitative intensity depends on how the instruments are calibrated. In the exercise by Dafermos-Nikolaidi (2021), 
the GSF is represented by a 25 percent reduction in the risk weighting of green loans, and the BPF by an equal 
increase in weighting for brown loans.  

88 In the DEFINE 1.1. model, the key parameters are: (i) the elasticity of the offer of credit, the elasticity of the level of 
bank credit rates and the elasticity of the spread of rates compared to the capital ratio of the banks (RWA/capital) 
and compared to the credit risk of the enterprises granted credit (measured by their level of debt to income(; (ii) the 
level of credit rationing and the sensitivity of rates to the level of greenness of loans (GHG/VA of enterprises granted 
loans), where it is assumed that rationing is a positive result of their climate risk (i.e., of the weight of each particular 
category of loan in the RWAs) and that sensitivity is a negative result of the desired proportion of green loans in the 
portfolio (the more a bank is inclined to grant green loans, the lower the rates on said loans). Cf. Annex A.3.3 
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5 CONCLUSIONS 
 
The importance and the centrality of banking systems in modern economies explains the 
heightened focus from regulatory bodies on their stability. Banking systems, however, also play a 
decisive role in connecting the goals of public policy with the behaviour of agents. An extremely 
significant proportion of the flow of loans to corporates and families passes through the banking 
system, and the decisions taken by banks therefore condition decisions regarding investments. 
 
In a significant moment in history, in which climate change is proving to be one of the greatest 
threats to economic stability and prosperity, it is therefore inevitable that banking systems also 
have to protect themselves from these risks, adapting their procedures and strengthening their 
capital base.  
 
At the same time, in a period in which public policy is setting ambitious goals for mitigating global 
warming, it appears equally unavoidable that the banking system would be called on to re-direct 
the flow of intermediate resources to supporting the huge efforts currently required to reconvert 
and adapt economic systems. 
 
Macroprudential minimum capital requirements are a feasible and effective lever for both 
defending the stability of the system from ever increasing physical and transition risks and for 
reorienting financial flows to support the transition. 
 
The objection put forward so far by the supervisory authorities that the use of capital requirements 
for the purpose of policy would be a betrayal of the rigidly risk-based approach of prudential 
regulation does not appear justified in light of the systemic and radical nature of climate risk, which 
is the recognised basis of macroprudential supervision itself. The rationale of macroprudential 
capital requirements, which were introduced in the wake of the 2007-08 financial crisis, is in fact 
rooted in the recognition that the behaviour of the banking system is endogenous to the 
development of crises and tends to have an amplifying effect. A recomposition of the flow of credit 
towards less carbon-intensive uses (both present and prospective) thus contributes not only to 
reducing exposure of banks to climate risk, but also contributes to mitigating said risks. 
 
Macroprudential logic also resolves the objection that differentiated capital requirements against 
climate risk would not be methodologically calibrated due to the statistical intractability of said risk. 
The relative literature, in fact, argues that it is this very intractability that suggests the adoption of a 
precautionary and insurance based approach rather than the traditional risk management logic. 
 
In considering the adoption of prudential tools in order to reorient the flow of credit towards 
sustainable applications, it would however be necessary to take into account the potential trade-
offs and pragmatically calibrate them on the basis of empirical evidence. To date, the simulations 
available for this purpose are few, but they appear to confirm that the introduction of capital 
buffers against climate risk are the necessary complement to other climate policies (carbon tax, 
subsidies to green activities, public investments, etc.), in particular whenever the latter become 
particularly aggressive and concentrated over time. Furthermore, the joint application of 
differentiated coefficients to the detriment of “brown” loans and in favour of “green” loans appears 
instrumental for the further reduction of transition risk. 
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It is therefore advisable for the Basel Committee and the supervisory authorities to rapidly embrace 
the adoption of differentiated capital requirements for banks in addition to and in support of 
governmental decarbonisation policies and, to this end, define a clear framework for their 
application. In particular: 

• defining a conceptual map that links Taxonomy sustainability criteria to a systemic risk 
potential grid for financeable entities that takes into account prospective decarbonisation 
programmes as well as the current carbon footprint. 

• calibrating and prescribing parameters for increasing and/or decreasing capital 
requirements in line with the aforementioned systemic risk grid. 

• setting out uniform and certified methods for verifying that decarbonisation programmes 
are aligned with the goals of the European Union and with the climate goals of Paris. 

• establishing binding monitoring procedures and KPIs in line with the previous points. 
• integrating control and reporting procedures with those which already exist for the Basel’s 

second and third pillars (internal controls, governance and disclosure). 
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ANNEX A.1 
 

Tab. A.1 – The guidelines of the EBA for the disclosure of climate and environmental risk (*) 
 

KPI Metric of measurement 
Emissions 

Total GHG emissions (differentiated 
between Scopes 1, 2 and 3) 

Tons of CO2eq  

Emissions of atmospheric pollutants Tons of pollutants  

Emissions of pollutants into water Tons of pollutants  

Emissions of inorganic pollutants Tons of pollutants  
Carbon footprint Tons of CO2eq (GHG as a % of VA or 

other) 
Fossil energy sectors (art. 4 Directive 
2009/33/EC 

% of total 

Policies for the reduction of fossil 
energies 

Presence / Absence (which?) 

Policies for the reduction of GHG Presence / Absence (which?) 
Compliance with the goals of Paris Targets/timeline/certification  

Energy efficiency 
Energy consumption intensity GWh  
Use of renewable energy % of total energy consumption  
Policies for the increase of renewable 
sources  

Presence / Absence (which?) 

Use of water 
Intensity of the use of water  % of total - weight in tons  

Production of waste 
Production of toxic/harmful waste % of total - weight in tons  
Recycling/reuse % of total - weight in tons not 

recycled 
Policies for the reduction of waste Presence / Absence (which?) 

Biodiversity and ecosystems 
Presence in zones with soil deterioration % of total (own and of the value 

chain) 
Presence in protected areas % of total (own and of the value 

chain) 
Presence in sensitive areas (not 
protected) 

% of total (own and of the value 
chain) 

Presence in IUCN red-list areas   % of total (own and of the value 
chain) 

Climate and environment 
Presence in heatwave zones % of total (own and of the value 

chain) 
Presence in zones affected by drought % of total (own and of the value 

chain) 
Presence in zones with 
flooding/landslides 

% of total (own and of the value 
chain) 

Presence in zones with coastal corrosion
  

% of total (own and of the value 
chain) 

Presence in zones affected by fires % of total (own and of the value 
chain) 

   (*) EBA (2021a) REP/2021/10 Annex 1 and EBA (2022b) ITS/2022/01 
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ANNEX A.2 
 
A.2.1 Basel 3 capital requirements (Pillar 1) (*) 
 
The Basel Accords require that the Regulatory Capital (K) of banks are proportional to the risk-
weighted assets (RWA), where the factor of proportionality is the solvency ratio (s), the calculation 
of capital requirements is therefore based on the following formula 
 

(1)                                                             𝐾 = 𝑠 (𝑅𝑊𝐴) 
       where 

𝑅𝑊𝐴 =  ∑ 𝑤𝑖 
𝑖

𝐴𝑖 

 
with 𝐴𝑖 = i-th asset and 𝑤𝑖 = percentage i-th asset weighting on the total assets 
 

Fig. A.1 – Example: Calculation of RWA and capital requirements 
 

  
 
The evolution of the Accords, from Basel 1 of 1988 to Basel 3 of 2012, has gradually perfected: 

a) the perimeter of the tools allowed for the definition of Regulatory Capital (K) which is divided 
into (i) primary capital, known as Tier 1, which is in turn distinguished as capital in the strict 
sense, made up of capital and reserves (CET1, or common equity Tier 1) and additional Tier 1 
and (ii) supplementary capital or Tier 2, composed of hybrid capital tools, revaluation 
reserves and subordinate tools. 

b) the calculation of RWA, through the inclusion of other forms of risk and the adoption of 
more precise metric for calculating said risk. 

c) the entity of the solvency ratio, to correct the procyclical impact of the ratio and to take into 
consideration exposure to systemic risk. 

In the current system (Basel 3), the risks taken into consideration in the calculation of RWA are: 

- credit risk 
- concentration risk 
- risk deriving from securitisation 
- market risk 
- interest-rate risk deriving from activities other than trading 
- operational risk 
- liquidity risk  
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In Basel 3, the solvency ratio (s) applied by each bank is currently based on the sum of the various 
components (EBA 2023/REP/34):  

• The base coefficient (currently set at 8%). 
• An additional fixed coefficient, known as Capital Conservation Buffer (CCoB), aimed at 

structurally bolstering the capacity to absorb losses (currently set at 2.5%). 
• An additional variable countercyclical coefficient, known as the Countercyclical Capital 

Buffer (CCyB), is, as a preventive measure, increased in periods of strong expansion of credit 
(or of a rise in systemic risk) and then reabsorbed in periods of stress. 

• A further buffer is the Systemic Risk Buffer (SyRB), which is calibrated on the basis of the 
systemic characteristics of the bank to take into account the increased importance of larger 
national and international banks (Systemically Important Financial Institutions) 89 (calibrated 
in accordance with five risk classes, from 1% to 3.5%). 

• Additional individual buffers attributed by the ECB to single banks on the basis of the results 
of the pillar-two SREP (Supervisory Review and Evaluation Process), which provides a 
periodical evaluation of all the financial and managerial aspects of the bank (capital, liquidity, 
economic results, organisation and strategy, etc.). 

As well as minimum capital requirements, pillar-one prudential regulation also provides for further 
restrictions aimed at mitigating risk: 

• Supervisory authorities can intervene with regard to the conditions applied by banks when 
granting loans, for example they can set limits on the maximum debt exposure for 
recipients, prescribing maximum loan thresholds in relation to the income of the assignee 
(loan-to-income or LTI) or to the value of the asset financed and/or put up as guarantee 
(loan-to-value or LTV);  

• The asset must be at least 3% of total assets (not weighted), including off-balance-sheet 
assets (leverage limits). 

• An amount of liquid reserves sufficient to tolerate at least 30 days of cash outflows without 
having to turn to emergency financing from the central bank (liquidity coverage ratio or 
LCR). 

• The balance between assets and liabilities with a residual duration of more than one year 
weighted by average duration (available stable funding) and level of liquidity (required 
stable funding), with the former no lower than the latter (net stable funding ratio or NSFR), 
aimed at limiting the maturity mismatch between assets and liabilities of the bank. 

Lastly, in addition to the obligations of Basel pillar one, the European regulation introduced in 2016 
(Banking Union) regarding the sharing of the risks of insolvency by bondholders (bail in), credit 
institutions are also required to maintain a minimum proportion of their assets as liabilities other 
than capital, i.e., debt securities and hybrid tools (Minimum Requirement for own funds and 
Eligible Liabilities or MREL). 
 
(*) Onado (2021) 
 

 
 
89 For macroprudential purposes, financial institutions are categorised by the ECB as systemically important 
financial institutions or SIFI) and non-systemically important institutions. Within the category of SIFIs, a further 
distinction is made between global systemically important institutions (G-SII) and “others” (O-SII). 
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A.2.2 Metrics for assessing microprudential risk  
 
For each type of risk, the internal models adopted by banks are based on estimates of expected 
losses (EL), breaking them down into three main components: Loss for Given Default (LDG)90, 
Exposure at Default (EAD), and Probability of Default (PD), i.e.,  
 

𝐸𝐿 = 𝐿𝐷𝐺 𝑥 𝐸𝐴𝐷 𝑥 𝑃𝐷 
 
For each position, the expected losses (EL) represent the central estimate of average exposure to 
risk, on the basis of which banks apply suitable provisions in the budget. However, expected losses 
do not represent the potential sum of possible losses because extreme events and unexpected 
losses may occur. Unexpected losses (UL) can only be quantified on the basis of statistics and are 
estimated as the dispersion of losses around the mean (EL). As expected losses (EL) are covered by 
specific provisions, capital requirements represent coverage against unexpected losses (UL) and 
must be calculated accordingly91 (BCBS 2005) [Fig. A.2].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
90 The entity of LGD (Loss for Given Default) is not the average, but must refer to the most negative phases of the 
economic cycle, in order to not underestimate EL.  

91 The entity of capital requirements as a proportion of the entire credit portfolio also needs to be corrected in 
accordance with the level of correlation between exposures: a high correlation between the latter, due to strong ties 
between debtors (for example related to sector or territory) or a strong correlation with common risk factors (for 
example the evolution of the economic cycle), leads to increased exposure to risk for the bank. Similar corrections 
are also provided for in order to take into account the different rates of maturity of the positions, as long-term 
positions pose a higher risk than short-term ones. (BCBS 2005) 
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Figure A.2 – Estimate of expected and unexpected risk 
 

 
 
     Source: BCBS (2005) 

 
 
A.2.2 Metrics for assessing climate risk 
 
In general, the assessment of climate risk can be illustrated as in figure 1, i.e., as the interaction 
between the economic impacts of climate events (physical and transitional) and the effects that 
the latter can have on the financial stability of the firm/intermediary. Economic impacts depend on 
the level of exposure to climatic events (exp) and on the sensitivity of the main economic variables 
(revenue, costs, profits) to the occurrence of climatic events (Δecon/Δexp); financial impacts 
depend, in turn, on the financial exposure (EAD), i.e., the total value of current loans, and the 
sensitivity of the probability of insolvency (PD) to shifts in the economic status of the 
firm/intermediary (ΔPD/Δecon). 
 

General framework for assessing climate risk 
 

  
 Source: ECB-ESRB (2022) 
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From a practical point of view, it is necessary to associate appropriate indicators to each of the 
elements in the diagram.  
 
Exposure to climate risk 
 
As far as financial institutions are concerned, climate risks are mainly of an indirect nature, as they 
are the result of the exposure to risk of the entities financed. The assessment of the exposure to 
climate transitional risk of such entities is therefore the basic ingredient and it is generally 
associated with the carbon footprint of the subjects financed or with that of the economic sector to 
which they belong. With regard to physical risks, risks are instead mainly correlated to geographic 
location.  
 
 

A. Indicators of exposure to risk for non-financial sectors 
 
Emission Gap. The difference between effective emissions and the availability of free ETS 
allowances is an indication of the potential exposure of each individual economic unit to variations 
in the price of carbon (i.e., the market value of purchased ETS allowances). Every year, each 
economic unit included in the ETS perimeter is required to provide a number of carbon allowances 
corresponding to the volume of emissions created. A portion of the allowances, set to decrease over 
time, is granted freely by the EU; the entities with emissions in excess of the portion covered by the 
freely granted allowances must purchase the difference from the market, while those whose 
recorded emissions are lower can sell the extra-allowances on the market. The price of allowances 
is determined by the ETS market by the balance of supply and demand. The number of free 
allowances varies according to sector, and their relative concentration among sectors results in a 
different exposure to potential losses due to variations in the price of allowances. On the basis of 
the distribution for 2022, ECB and ESRB estimated that an increase of EUR 100 in the price of 
allowances would translate to more than 30 billion in cumulative losses in the mining, energy, food 
and transportation sectors alone, distributed among European countries in accordance with the 
relative weight of these sectors (ECB-ESRB 2022 chart 1 p. 13). The extension of the ETS system to 
other sectors (for example to residential construction and private transportation) will make this 
indicator increasingly important and sensitive (European Commission 2021c). 
 
TAC and TEC. One approach that links assessment of risk exposure to the European Taxonomy is 
represented by the indicators proposed by Alessi-Battiston (2021). The Taxonomy Alignment 
Coefficient (TAC) maps enterprise activities in accordance with the European Taxonomy 
sustainability classification scheme, thus measuring the level of alignment of the portfolio with the 
Taxonomy. The Transition Risk Exposure (TEC) coefficient, instead, directly measures the exposure 
to transition risk of each individual firm, classifying the firm in a grid of high-emission-intensity 
activities that need to undertake a process of transition both in order to reduce their level of 
dependence on fossil sources and to improve their energy efficiency92. This method is therefore not 
based on data provided by the financed entity, but on its position on a map of general risk, and can 
therefore be applied even in the absence of specific information regarding the entity in question. 

 
 
92 The TAC and the TEC are estimated by Alessi-Battiston (2021) using NACE (Statistical classification of economic 
activities in the European Community) coefficients up to level four, i.e., an elevated level of granularity.                        
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Market Climate Risk. The exposure to market risks (𝑀𝑅𝑖𝑠𝑘𝑖) of financed enterprises is not based 
solely on their current carbon (𝐺𝐻𝐺𝑖) and physical (𝐻𝑖) exposure, but connecting them to the 
reactivity of the equity and bond values of the i-th firm to the same impacts (𝑣𝑎𝑙𝑖) . 
 

𝑀𝑟𝑖𝑠𝑘𝑖= ∑ (𝐺𝐻𝐺𝑖  𝑥
𝛥𝜋𝑖

𝛥𝐺𝐻𝐺𝑖
+  𝐻𝑖𝑥

𝛥𝐴𝑖

𝛥𝐻𝑖
)𝑖 𝑥 [𝐸𝐴𝐷𝑖𝑥 (

𝜕𝑣𝑎𝑙𝑖

𝜕𝜋𝑖
+

𝜕𝑣𝑎𝑙𝑖

𝜕𝐻𝑖
+

𝜕𝑣𝑎𝑙𝑖

𝜕𝐻𝑖𝜕𝜋𝑖
)] 

 
 

B. Indicators of exposure to risk of the financial sector 
 
The TAC and TEC of the portfolio. By applying the TAC and TEC indicators associated with each 
financed entity (through credit or the underwriting of securities), it is possible to show the overall 
exposure of the entire portfolio both in terms of its alignment/misalignment with Taxonomy (as the 
weighted average of the individual TACs) and in terms of exposure to transition risk (as the 
weighted average of the individual TECs).  
 
CFALTL or Loan-weighted Emission Intensity. The average emission intensity of loans is equal to 
the International Monetary Fund’s CFALTL (Carbon Footprint-Adjusted Loans to Total Loans) and 
represents the indirect carbon footprint of the loan portfolio of a bank, calculated as average 
emission intensity (𝐺𝐻𝐺𝑖 𝑌𝑖⁄ , i.e., the ratio of emissions to added value or of emissions to revenue) of 
the sectors/firms to which credit has been granted, weighted by the share of loans to each 
sector/firm in the portfolio (𝐸𝐴𝐷𝑖 𝐸𝐴𝐷𝑡𝑜𝑡⁄ ). 

𝐶𝐹𝐴𝐿𝑇𝐿 =  ∑
𝐺𝐻𝐺𝑖

𝑌𝑖𝑖
 𝑥 

𝐸𝐴𝐷𝑖

𝐸𝐴𝐷𝑇𝑜𝑡
 

 
where i indicates the i-th sector/firm; GHG is emissions expressed in tons of CO2 equivalent 
(tCO2eq); Y is the VA of the sector or the turnover of the firm (in EUR billions/millions). The same 
method can also be applied to the securities portfolio (shares and/or bonds), substituting in EAD 
the amount of loans with the amount of securities held.  
 
GHG emissions of financed entities are generally identified in terms of direct emissions (Scope 1) 
and indirect emissions related to the consumption of electricity (Scope 2). With the progressive 
application of enterprise disclosure regulations (CSRD, ESFS), the data available should become 
more detailed over time, and extend to cover also the indirect emissions of the entire value chain 
(Scope 3). Initial assessments carried out by the authorities indicate that bank exposures in all 
European countries still lean towards the most emission-intensive sectors (energy, mining, food 
and transportation), and that any differences are mainly related to the differing economic weight 
(in terms of added value) that the sectors have in the various countries (ECB-ERSB 2022 p. 14). 
 
Loan Carbon Intensity (LCI). CFALTL is applied in a bottom-up manner at varying levels of detail of 
loan portfolios and requires the availability of granular data. The same indicator can be applied top-
down to aggregate loan portfolio: the Loan Carbon Intensity (LCI) i.e., the ratio between total 
financed emissions and the total loan portfolio (𝐺𝐻𝐺𝑡𝑜𝑡/𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡).  
 

𝐿𝐶𝐼 =  
1

𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡
∑ 𝐺𝐻𝐺𝑖 =

𝑖

𝐺𝐻𝐺𝑡𝑜𝑡

𝐸𝐴𝐷𝑡𝑜𝑡
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Since 2015, the progressive shifting of loans towards less-emission-intensive sectors and the parallel 
reduction in the emission intensity of said sectors has led to a reduction of this indicator at 
European level (ECB-ERSB 2022 p.16). 
 
GAR and BTAR. The Green Asset Ratio (GAR) is a similar indicator to the LCI, but it takes into 
account not only loans, but all the bank’s assets (𝐺𝐻𝐺𝑡𝑜𝑡/𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑡𝑜𝑡). According to European 
regulations, the GAR only includes exposures to counterparties who are, in turn, subject to 
disclosure requirements in accordance with the CSRD. 
 
Publication of the GAR became obligatory for EU banks in January 2024. However, the GAR is seen 
as an unreliable measure of the “greenness” of bank assets because it is constructed in such a 
manner as to exclude from the numerator of the ratio a large proportion of bank assets, whatever 
their carbon footprint: (a) the reference to the CSRD in fact excludes a significant portion of 
enterprises (above all SMEs and non-European enterprises), leading to distortions in interbank 
comparisons (banks with higher exposure to these categories of enterprise have a lower GAR); (b) 
similarly, the numerator implicitly excludes all assets not considered by European Taxonomy 
(derivatives, interbank accounts, etc.) but that are part of the denominator; (c) the difficulty faced by 
firms and families in providing documentation regarding the respect of the Do No Significant 
Harm (DNSH), Technical Screening Criteria (TSC) and Minimum Safeguard (MS) conditions 
required by the Taxonomy (art. 8) in relation to the assets financed.  
 
To overcome limit (a), a complementary indicator, the Banking Book Taxonomy Alignment Ratio 
(BTAR) has also been introduced, which, in practice, represents the application of the TAC by Alessi-
Battiston. The BTAR is published by banks on a voluntary basis, and also includes categories of firms 
not covered by the CSRD. The indicator is presumably based on estimates made by the banks 
themselves, considering that SMEs are not subject to disclosure requirements. The greatest 
limitation of these indicators is that, with reference to Taxonomy classification criteria, they do not 
take into account any prospective efforts of the firms regarding decarbonisation, or any support 
that the banks provide for the transition plans of the most energy- and emission-intensive entities. 
 

C. Combined indicators of transition risk and financial vulnerability 
 
For a financial institution, climate risk is, however, not only posed by indirect exposure to the 
climate vulnerability of the financed entity, but also by the interaction of the latter with more 
traditional indicators of financial risk: probability of default (PD), leverage (𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠𝑡𝑜𝑡⁄ ) 
and market risk (VaR).  
 
TCI. Transition to Credit Risk Intensity (TCI) is an indicator that considers the exposure to climate 
risk of financial institutions (measured by the LCI) and the weighted probability of default (PD):  
 

𝑇𝐶𝐼𝑃𝐷 =  
1

𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡  
∑

𝐺𝐻𝐺𝑖

𝑌𝑖𝑖
𝑥 (𝑃𝐷  

𝑖
𝑥

𝐿𝑜𝑎𝑛𝑠𝑖

𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡
) 
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Similar indicators can be constructed with reference to other proxies for financial vulnerability, such 
as the level of leverage: 
 

𝑇𝐶𝐼𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒 =  
1

𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡 
∑ 𝐺𝐻𝐺𝑖

𝑖
𝑥

𝐿𝑜𝑎𝑛𝑠𝑖

𝑇𝑜𝑡. 𝐴𝑠𝑠𝑒𝑡𝑠𝑖
 

 
 
CRS. The Credit Risk Sensitivity (CRS) indicator is, instead, based on the sensitivity of the bank’s loan 
portfolio to the impact of climate risks on profitability (𝛽𝑅𝑜𝐴), which is measured by return on assets, 
and financial vulnerability (𝛽𝑙𝑒𝑣), measured by the level of leverage of the enterprises financed 
 

𝐶𝑅𝑆 =  
1

𝐿𝑜𝑎𝑛𝑠𝑡𝑜𝑡  
∑ (𝛽𝑅𝑜𝐴𝛥𝑅𝑜𝐴𝑖 +  𝛽𝑙𝑒𝑣𝛥𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖)

𝑖
𝑥 

𝐸𝐿𝑖

𝐸𝐴𝐷𝑖
 

 

where 𝐸𝐿𝑖

𝐸𝐴𝐷𝑖 
= 𝐿𝐺𝐷𝑖 𝑥 𝑃𝐷𝑖 measures the financial vulnerability of each enterprise financed. 
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ANNEX A.3 
 
A.3.1 Possible methods for correcting pillar one in terms of climate risk (**) 
 
Proposals for correcting the RWA weightings in order to include climate policy targets are, 
essentially, the following. Supposing, for simplicity, to identify only two groups of assets, one of 
“green” or “sustainable” loans/investments, and one of “brown” assets, i.e., not green or not 
sustainable, the equation (1) in Annex A.2 would be modified as follows:  

1. GSF (green supporting factor) consists in a reduction in the weighting of loans and 
investments classified as “green” or “sustainable” 

 𝐾 = 𝑠 [∑ 𝑤𝑖𝐵𝑟𝑜𝑤𝑛𝐴𝑠𝑠𝑒𝑡𝑖
𝑖

 + ∑ (𝑤𝑗
𝑗

− 𝐺𝑆𝐹)𝐺𝑟𝑒𝑒𝑛𝐴𝑠𝑠𝑒𝑡𝑗] 

where 𝑤𝑖 and 𝑤𝑗 represent the original weightings of each asset by non-climatic risks. 

2. BPF (brown penalizing factor), which, on the contrary, consists in the introduction of an 
additional factor associated with increased exposure of the bank to sectors/firms considered 
to be “not sustainable” or “brown” (emission intensive). 

𝐾 = 𝑠 [∑ (𝑤𝑖+𝐵𝑃𝐹)𝐵𝑟𝑜𝑤𝑛𝐴𝑠𝑠𝑒𝑡𝑖
𝑖  

 + ∑ 𝑤𝑗
𝑗

𝐺𝑟𝑒𝑒𝑛𝐴𝑠𝑠𝑒𝑡𝑗] 

3. The simultaneous application of both a BPF and a GSF 

𝐾 = 𝑠 [∑ (𝑤𝑖+𝐵𝑃𝐹)𝐵𝑟𝑜𝑤𝑛𝐴𝑠𝑠𝑒𝑡𝑖
𝑖  

 + ∑ (𝑤𝑗
𝑗

−𝐺𝑆𝐹)𝐺𝑟𝑒𝑒𝑛𝐴𝑠𝑠𝑒𝑡𝑗] 

4. ERWA (Environmental Risk Weighted Assets), where each original RWA weightings are 
multiplied by a coefficient λ with a value of between 0.5 and 1.5 in accordance with the 
climate/environmental impact of the asset in question (with values lower than one for 
greener assets). 

𝐾 = 𝑠 [∑   𝜆𝑖(𝑤𝑖
𝑖

𝐴𝑠𝑠𝑒𝑡𝑖)] 

where 𝑤𝑖  represents the original weighting of each i-th asset by non-climatic risks and 𝜆𝑖 is a 
coefficient graded in accordance with the carbon footprint of the i-th asset, with a value of 
between 0.5 ≤ λ ≤ 1.5 (with 𝜆𝑖 < 1  for zero-carbon-impact assets or those compatible with the 
goals of Paris). 

 
Alternatively, given the systemic nature of climate risks, the correction could take the form of 
further additional systemic buffers (positive and/or negative) for calculating the solvency ratio 
related to the levels of the Green Asset Ratio (GAR) and the Banking Book Taxonomy Alignment 
Ratio (BBTA) for the bank, i.e., respectively 
 

𝐾 = (𝑠 + 𝐵𝑃𝐹) [𝑅𝑊𝐴] 

or 

𝐾 = (𝑠 − 𝐺𝑆𝐹) [𝑅𝑊𝐴] 
 

where: 𝐵𝑃𝐹 = 𝑓(𝐺𝐴𝑅; 𝐵𝐵𝑇𝐴) and  𝐺𝑆𝐹 = 𝑓(𝐺𝐴𝑅; 𝐵𝐵𝑇𝐴), with  𝑓𝐺𝐴𝑅
′ >0  and 𝑓𝐵𝐵𝑇𝐴

′ >0 
 

(**) D’Orazio-Popoyan (2019); Esposito et al. (2018; 2020) 
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A.3.2 General characteristics of Stock Flow Consistent (SFC) models 
 
SFC (Stock-Flow Consistent) models are inspired by post-Keynesian-theories that emphasise the 
role of aggregate demand in processes of growth and the physiological instability of the system. 
SFC models have an extremely disaggregated structure, in which each category of agents (families, 
firms, financial intermediaries, the central bank and the public sector) makes decisions on real 
variables (consumption, savings and investments) and generates financial flows (variations in 
financial assets and liabilities) that interact with each other, modifying the composition of their 
stocks of assets and liabilities, and determining the price dynamics of financial assets and goods. 
The macroeconomic behaviour of agents is heuristic (bounded rationality) rather than rational and 
optimized and the markets are imperfect. The interaction between these forms of behaviour, 
therefore, does not necessarily lead to full stability. The adjustment of imbalances and the 
correction of “market failures” therefore requires the intervention of active economic policies. This 
type of model is able to highlight phenomena of instability, in particular all those that have an 
impact on the financial system or even originate within it93. 
 
SFC models also paint an institutionally realistic picture of the behaviour of the banking system 
and, in general, of the functioning of the financial system. The approach adopted by Dafermos-
Nikolaidi (2021) in specifying the role of banks is similar to the one known as FMC (financing 
through money creation), in which banks create money (deposits) endogenously through the 
granting of loans, i.e., providing depositors with resources in excess of their initial liquid balances 
(overdrafts). This approach to bank models allows for the possibility of banks extending the budget 
constraints of corporates and households, which become dependent on the regulatory constraints 
to which banks are subject. In this manner, the conditions for credit supply can be studied 
separately from those that determine credit demand, allowing the detailed analysis of any 
phenomena of credit rationing (Jakab-Kumhof 2019). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
93 Cfr. Goodley-Lavoie (2012); Caiani et al. (2016); Dafermos et al.(2017, 2018, 2022); Dafermos-Nikolaidi (2021); 
Monasterolo (2020); Dunz et al. 2021 (2023) 
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Fig. A.3 – Diagram of transaction flows in an SFC-type model 
 

 
 
 

A.3.3 Simulation of the impact of differentiated capital requirements with an SFC model  
 
The simulations carried out by Dafermos-Nikolaidi (2021) regarding the impact of differentiated 
BFP and GSF coefficients are based on an SFC-DEFINE-1.1-type model (Dafermos-Nikolaidi (2018; 
2022), the working of which can be summarised as follows: 

- Firms decide the overall amount of investments on the basis of several factors, of which the 
most significant are profitability and expectations of the future evolution of demand; 

- a proportion of the investments is green; 
- as the investments required are not completely covered internally by profits, firms finance 

them also by issuing bonds or by bank loans (credit demand function); 
- the banks decide how much of the credit demand to satisfy and at what interest rate (credit 

supply function); the decision of the banks is made on the basis of both an assessment of the 
sustainability of the borrowers, and of their own level of capitalisation (subject to minimum 
capital requirements); as long as the banks’ capital is higher than regulatory minimums, the 
increase in overall supply of credit is not constrained and bank leverage (the ratio between 
assets and capital) can increase;  

- if the authorities introduce differentiated capital coefficients (BPF and/or GSF), these affect 
the supply of credit (in terms of volume, composition and rates) and influence both the 
decisions of firms on whether to invest and the level of economic activity. 

- the composition of investments (either green or brown) sets the balance between fossil and 
renewable sources, and thus acts on dynamics regarding emissions and global warming. 

- a rise in global warming leads to harmful climatic events and loss of productivity that feed-
back on the profitability of firms , on their rate of insolvency, and indirectly also erodes bank 
capitalisation; when the latter hits minimum regulatory requirements, banks are forced to 
recapitalise. 

For the technical details of the model, please refer to Dafermos-Nikolaidi (2022). Below are the 
results of simulations for the application of BPFs and GSFs (both separately and jointly) in the 
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absence of any other policy action. The evidence from the exercise shows that the joint adoption of 
BPFs and GSFs tends to improve all these dynamics (to an extent that obviously depends on the 
calibration of the key parameters of the model94), and provides unambiguous qualitative 
indications both vis-à-vis the baseline scenario and with regard to the scenarios where BPFs or 
GSFs are applied separately:  

- lower losses in terms of GDP (fig. ib). 
- a higher proportion of renewable sources in energy production (fig. iic). 
- improved emission dynamics, lower warming (figs. ia and iid). 
- improved profitability and lower rates of insolvency among firms (i.e., lower impact of 

physical risk) (figs. iiie and iiif). 
- a lower rationing of credit and a lower interest spread for green enterprises (figs. ivg and 

ivh). 
- a rationing both of credit and interest spread for brown activities, which remain in line with 

the baseline scenario (figs. vi and vf). 
- a lower increase in bank leverage (i.e., lower vulnerability to transition risk) (fig. vim). 
- a slower deterioration in bank capital (fig. vin). 

  

 
 
94 In the DEFINE 1.1. model, the key parameters are: (i) the elasticity of the offer of credit, of the level of bank credit 
rates and of the spread of rates compared to the capital ratio of the banks (RWA/capital) and of the credit risk of the 
enterprises granted credit (measured by their level of debt to income); (ii) the level of credit rationing and the 
sensitivity of rates to the level of greenness of loans (GHG/AV of enterprises granted loans), where it is assumed that 
rationing is a positive result of their level of risk (i.e., of the weight of each particular category of loan in the RWAs) 
and that sensitivity is a negative result of the desired proportion of green loans in the portfolio (the more a bank is 
inclined to grant green loans, the lower the rates on said loans). (Dafermos-Nikolaidi 2022) 
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(i) Global warming and economic growth 

  
 
 

(ii) Renewable energy and CO2 emissions 

  
 
 

(iii) Corporate sector 
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(iv) Credit market: green sectors 

  
 
 

(v) Credit market: brown sectors 

  
 
 

(vi) Financial stability of the banking sector 
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“Economy-wide Stress Test. Methodology and Results”, European Central Bank Occasional Paper n. 281, September, 
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op281~05a7735b1c.en.pdf  

Anderson R., Dannielson J., Baba C., Das U.S., Kang H., Segoviano M. (2018), “Macroprudential Stress Tests and 
Policies: Searching for Robust and Implementable Frameworks”, International Monetary Fund (IMF) Working Paper 
wp18/197, September, https://www.imf.org/en/Publications/WP/Issues/2018/09/11/Macroprudential-Stress-Tests-and-
Policies-Searching-for-Robust-and-Implementable-Frameworks-46218  

Annichiarico B., Carattini S., Fisher C., Heutel (2021), “Business Cycles and Environmental Policy: Literature Review 
and Policy Implications”, NBER  Working Paper n.29032, July, 
https://www.nber.org/system/files/working_papers/w29032/w29032.pdf  

Banca d’Italia (2022a), “Aspettative di Vigilanza sui rischi climatici e ambientali”, 8 aprile 2022, 
https://www.bancaditalia.it/media/notizia/aspettative-di-vigilanza-sui-rischi-climatici-e-ambientali/ ; 

Banca d’Italia (2022b), Il rischio climatico per le banche italiane, Note di stabilità finanziaria e vigilanza n.29, 28 
giugno 2022, https://www.bancaditalia.it/pubblicazioni/note-stabilita/2022-
0029/Note_di_stabilita_finanziaria_e_vigilanza_N.29_ITA.pdf.pdf 

Baranovic I., Busies I., Coussens W., Grill M., Hempell H. (2021), “The Challenges of Capturing Climate Risks in the 
Banking Regulatory Framework: Is There a Nedd for Macroprudential Response?”, European Central Bank 
Macroprudential Bulletin, https://www.ecb.europa.eu/pub/financial-stability/macroprudential-
bulletin/html/ecb.mpbu202110_1~5323a5baa8.en.html#toc1 

https://2degrees-investing.org/resource/the-green-supporting-factor-quantifying-the-impact-on-european-banks-and-green-finance/
https://2degrees-investing.org/resource/the-green-supporting-factor-quantifying-the-impact-on-european-banks-and-green-finance/
https://2degrees-investing.org/resource/the-green-supporting-factor-quantifying-the-impact-on-european-banks-and-green-finance/
http://www.cepii.fr/PDF_PUB/wp/2016/wp2016-10.pdf
https://www.bankofengland.co.uk/-/media/boe/files/working-paper/2019/system-wide-stress-simulation.pdf
https://www.bankofengland.co.uk/-/media/boe/files/working-paper/2019/system-wide-stress-simulation.pdf
https://www.bankofengland.co.uk/working-paper/2014/how-does-credit-supply-respond-to-monetary-policy-and-bank-minimum-capital-requirements
https://www.bankofengland.co.uk/working-paper/2014/how-does-credit-supply-respond-to-monetary-policy-and-bank-minimum-capital-requirements
https://www.sciencedirect.com/science/article/abs/pii/S0264999314002120
https://www.sciencedirect.com/science/article/pii/S1057521922002708
https://joint-research-centre.ec.europa.eu/system/files/2022-06/JRC129221.pdf
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op281~05a7735b1c.en.pdf
https://www.imf.org/en/Publications/WP/Issues/2018/09/11/Macroprudential-Stress-Tests-and-Policies-Searching-for-Robust-and-Implementable-Frameworks-46218
https://www.imf.org/en/Publications/WP/Issues/2018/09/11/Macroprudential-Stress-Tests-and-Policies-Searching-for-Robust-and-Implementable-Frameworks-46218
https://www.nber.org/system/files/working_papers/w29032/w29032.pdf
https://www.bancaditalia.it/media/notizia/aspettative-di-vigilanza-sui-rischi-climatici-e-ambientali/
https://www.bancaditalia.it/pubblicazioni/note-stabilita/2022-0029/Note_di_stabilita_finanziaria_e_vigilanza_N.29_ITA.pdf.pdf
https://www.bancaditalia.it/pubblicazioni/note-stabilita/2022-0029/Note_di_stabilita_finanziaria_e_vigilanza_N.29_ITA.pdf.pdf
https://www.ecb.europa.eu/pub/financial-stability/macroprudential-bulletin/html/ecb.mpbu202110_1~5323a5baa8.en.html#toc1
https://www.ecb.europa.eu/pub/financial-stability/macroprudential-bulletin/html/ecb.mpbu202110_1~5323a5baa8.en.html#toc1


                                                56 
 
 

Battiston S., Mandel A., Monasterolo I., Schütze F., Visentin G. (2017), A Climate Stress Test of the Financial System, 
Nature Climate Change 7(4) pp. 283-88, https://web.stanford.edu/group/emf-
research/docs/sm/2019/wk2/battiston.pdf  

Battiston S., Dafermos Y., Monasterolo I. (2021), “Climate Risks and Financial Stability”, Journal of Financial Stability 
54, June, https://www.sciencedirect.com/science/article/abs/pii/S1572308921000267  

Baudino P., Svoronos J.P. (2021), Stress-testing Banks for Climate Change – a Comparison of Practices, BIS Financial 
Stability Institute (FSI) Insights on Policy Implementation n.34, July, https://www.bis.org/fsi/publ/insights34.pdf  

BCBS, Basel Committee on Banking Supervision (2005), An Explanatory Note on the Basel II IRB Risk Weight 
Functions, Bank of International Settlements, https://www.bis.org/bcbs/irbriskweight.pdf  

BCBS, Basel Committee on Banking Supervision (2021a), Climate -related Risk Drivers and Their Transmission 
Channels, Bank of International Settlements, April, https://www.bis.org/bcbs/publ/d517.pdf  

BCBS, Basel Committee on Banking Supervision (2021b), Climate-related Financial Risks: Measurement 
Methodologies, Bank of International Settlements, April, https://www.bis.org/bcbs/publ/d518.pdf  

BCBS, Basel Committee on Banking Supervision (2022), Principles for the Effective Management and Supervision of 
Climate-related Financial Risks, Bank of International Settlements, June, https://www.bis.org/bcbs/publ/d532.htm  

BCBS, Basel Committee on Banking Supervision (2023a), BCBS Consultation on Revisions to the Core Principles for 
Effective Banking Supervision, BCBS Press Release, July 6, https://www.bis.org/press/p230706.htm  

BCBS, Basel Committee on Banking Supervision (2023b), Core Principles for Effective Banking Supervision, BCBS 
Consultative Document, July, https://www.bis.org/bcbs/publ/d551.htm  

Berenguer M., Cardona M., Evain J. (2020), Integrating Climate –related Risks into Bank Capital Requirements, I4CE 
Institute for Climate Economics, March, https://www.i4ce.org/en/publication/integrating-climate-related-risks-into-
banks-capital-requirements/ 

Binder J.H.. (2022), “Prudential Requirements Framework and Sustainability”, EBI European Banking Institute 
Working Paper Series n.131, November, https://ebi-europa.eu/publication-working-paper-series-no-131/  

Bolton P., Despres M., da Silva L.A.P., Samama F., Svartzman R. (2020), The Green Swan: Central Banking and 
Financial Stability in the Age of Climate Change, BIS Bank of International Settlements, January, 
https://www.bis.org/publ/othp31.pdf  

Bossinot J., Giulard S., Le Calvar E., Dalin M., Svartzman R., Weber P. (2022), “Aligning Financial and Monetary Policies 
with the Concept of Double Materiality: Rationales, Proposals and Challenges”, The Inspire Sustainable Central 
Banking Toolbox, Policy Briefing Paper 05, June, https://www.lse.ac.uk/granthaminstitute/publication/aligning-
financial-and-monetary-policies-with-the-concept-of-double-materiality/  

Brazier A. (2017), “How to: MACROPRU, 5 Principles for Macroprudential Policy”, Bank of England Speech, February, 
https://www.bankofengland.co.uk/-/media/boe/files/speech/2017/how-to-macropru-5-principles-for-
macroprudential-policy.pdf 

Caiani A., Godin A., Caverzasi E., Gallegati M., Kinsella S., Stiglitz J.E. (2016), “Agent-Based-Stock-Flow-Consistent 
Macroeconomics: Towards a Benchmark Model”, Journal of Economic Dynamics and Control 69 pp. 375-408, 
August, https://www.sciencedirect.com/science/article/abs/pii/S0165188915301020  

Carattini S., Heutel G., Melkadze (2021), “Climate Policy, Financial Frictions and  Transition Risks”, NBER Working 
Paper n.28525, March, https://www.nber.org/system/files/working_papers/w28525/w28525.pdf  

Carbone S., Giuzio M., Kapadia S., Kramer J.S., Nyholm K., Vozian K. (2021), “The Low Carbon Transition: Climate 
Committments and Firms’ Credit Risk”, European central bank Working Paper n. 2631, December, 
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2631~00a6e0368c.en.pdf  

https://web.stanford.edu/group/emf-research/docs/sm/2019/wk2/battiston.pdf
https://web.stanford.edu/group/emf-research/docs/sm/2019/wk2/battiston.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1572308921000267
https://www.bis.org/fsi/publ/insights34.pdf
https://www.bis.org/bcbs/irbriskweight.pdf
https://www.bis.org/bcbs/publ/d517.pdf
https://www.bis.org/bcbs/publ/d518.pdf
https://www.bis.org/bcbs/publ/d532.htm
https://www.bis.org/press/p230706.htm
https://www.bis.org/bcbs/publ/d551.htm
https://www.i4ce.org/en/publication/integrating-climate-related-risks-into-banks-capital-requirements/
https://www.i4ce.org/en/publication/integrating-climate-related-risks-into-banks-capital-requirements/
https://ebi-europa.eu/publication-working-paper-series-no-131/
https://www.bis.org/publ/othp31.pdf
https://www.lse.ac.uk/granthaminstitute/publication/aligning-financial-and-monetary-policies-with-the-concept-of-double-materiality/
https://www.lse.ac.uk/granthaminstitute/publication/aligning-financial-and-monetary-policies-with-the-concept-of-double-materiality/
https://www.bankofengland.co.uk/-/media/boe/files/speech/2017/how-to-macropru-5-principles-for-macroprudential-policy.pdf
https://www.bankofengland.co.uk/-/media/boe/files/speech/2017/how-to-macropru-5-principles-for-macroprudential-policy.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0165188915301020
https://www.nber.org/system/files/working_papers/w28525/w28525.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2631~00a6e0368c.en.pdf


                                                57 
 
 

CBI, Climate Bonds Initiative (2022), Global Green Taxonomy Development, Alignment and Implementation, 
Climate Bonds Initiative-UK Pact China, February, https://www.climatebonds.net/resources/reports/global-green-
taxonomy-development-alignment-and-implementation 
 
Chenet H., Kedward K., Ryan-Collins J., van Lerven F. (2022), “Developing a Precautionary Approach to Financial 
Policy from Climate t Biodiversity”, The Inspire Sustainable Central Banking Toolbox, Policy Briefing Paper 02, April, 
https://www.lse.ac.uk/granthaminstitute/publication/developing-a-precautionary-approach-to-financial-policy-
from-climate-to-biodiversity/  
 
Christiano L.J., Motto R., Rostagno M (2014), “Risk Shocks”, American Economic Review 104(1) pp. 27-65, 
https://www.aeaweb.org/articles?id=10.1257/aer.104.1.27  
Christiano L.J., Eichenbaum M.S., Trabandt M. (2018), “On DGSE Models”, Journal of Economic Perspectives 32(3) pp. 
113-140, Summer, https://www.aeaweb.org/articles?id=10.1257/jep.32.3.113  

Christofel K., Coenen G., Warne A. (2008), “The New Area-Wide Model of the EuroArea: A Micro-funded Open 
Economy Model fpr Forecasting and Policy Analysis”, ECB Working Paper n.944, 
https://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp944.pdf  

CISL& UNEP FI (2014), Stability and Sustianability in Banking Reform: Are Environmental Risks Missing in Basel III?, 
UNEP Finance Initiative - Cambridge Institute  for Sustainability Leadership (CISL), August, 
https://www.unepfi.org/industries/banking/stability-sustainability-in-banking-reform-are-environmental-risks-
missing-in-basel-iii-2/   

Coenen G., Karadi P., Schmidt S. Warne A. (2018), “The New Area Wide Model II: An Extended Version of the ECB’s 
Micro-founded Model for Forecasting and Policy Analysis with a Financial Sector”, European Central Bank Working 
Paper Series n. 2200, November, https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2200.en.pdf  

Coenen,G., Lozej,M., Priftis,R. (2023), “Macroeconomic Effect of Carbon Transition Policies: an Assessment Based on 
ECB’s New Area-Wide Model with Disaggregated Energy Sector”, European Central Bank Working Paper Series n. 
2819, https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2819~757438ecbe.en.pdf  

Cont R., Kotlki A., Valderrama L (2029), “Liquidity at Risk. Joint Stress Testing of Sovency and Liquidity”, International 
Monetary Fund Working Paper 20/82, June, https://www.imf.org/en/Publications/WP/Issues/2020/06/05/Liquidity-
at-Risk-Joint-Stress-Testing-of-Solvency-and-Liquidity-49325  

Dafermos Y., Galanis G.,Nikolaidi M. (2017),”A Stock-Flow-Fund Ecological Macroeconomic Model”, Ecological 
Economics 131 pp. 191-207, November, https://www.researchgate.net/publication/306286333_A_stock-flow-
fund_ecological_macroeconomic_model2018  

Dafermos Y., Galanis G.,Nikolaidi M. (2018), “Climate Change, Financial Stability and Monetary Policy”, Ecological 
Economics 152 pp. 219-234, October, https://www.sciencedirect.com/science/article/pii/S0921800917315161  

Dafermos Y., Nikolaidi M. (2020), “Fiscal Policy and Ecological Sustainability: a Post-Keynesian Perspective”, FMM-IMK 
Working Paper n.52, October, https://www.econstor.eu/handle/10419/238284  

Dafermos Y., Nikolaidi M. (2021), “How Can Green Differentiated Capital Requirements Affect Climate Risks? A 
Dynamnic Macrofinancial Analysis”, Journal of Financial Stability 54, June, 
https://www.sciencedirect.com/science/article/abs/pii/S1572308921000310   

Dafermos Y., Nikolaidi M. (2022), “The Dynamic Ecosystem-FINance-Economy (DEFINE) v. 1.1”, August, https://define-
model.org/  

Dankert J., Doorn L.V., Reinders H.J., Sleijpen O. (2018), “A Green Supporting Factor- The Right Policy?”, SUERF Policy 
Note 43, October; https://www.suerf.org/publications/suerf-policy-notes-and-briefs/a-green-supporting-factor-the-
right-policy/  

De Arriba-Sellier N.(2021), “Turning Gold into Green: Green Finance in the Mandate of European Financial 
Supervision”, Common Market Law Review 58(4), pp. 1097-1140, 
https://kluwerlawonline.com/journalarticle/Common+Market+Law+Review/58.4/COLA2021068   

https://www.climatebonds.net/resources/reports/global-green-taxonomy-development-alignment-and-implementation
https://www.climatebonds.net/resources/reports/global-green-taxonomy-development-alignment-and-implementation
https://www.lse.ac.uk/granthaminstitute/publication/developing-a-precautionary-approach-to-financial-policy-from-climate-to-biodiversity/
https://www.lse.ac.uk/granthaminstitute/publication/developing-a-precautionary-approach-to-financial-policy-from-climate-to-biodiversity/
https://www.aeaweb.org/articles?id=10.1257/aer.104.1.27
https://www.aeaweb.org/articles?id=10.1257/jep.32.3.113
https://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp944.pdf
https://www.unepfi.org/industries/banking/stability-sustainability-in-banking-reform-are-environmental-risks-missing-in-basel-iii-2/
https://www.unepfi.org/industries/banking/stability-sustainability-in-banking-reform-are-environmental-risks-missing-in-basel-iii-2/
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2200.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2819~757438ecbe.en.pdf
https://www.imf.org/en/Publications/WP/Issues/2020/06/05/Liquidity-at-Risk-Joint-Stress-Testing-of-Solvency-and-Liquidity-49325
https://www.imf.org/en/Publications/WP/Issues/2020/06/05/Liquidity-at-Risk-Joint-Stress-Testing-of-Solvency-and-Liquidity-49325
https://www.researchgate.net/publication/306286333_A_stock-flow-fund_ecological_macroeconomic_model
https://www.researchgate.net/publication/306286333_A_stock-flow-fund_ecological_macroeconomic_model
https://www.sciencedirect.com/science/article/pii/S0921800917315161
https://www.econstor.eu/handle/10419/238284
https://www.sciencedirect.com/science/article/abs/pii/S1572308921000310
https://define-model.org/
https://define-model.org/
https://www.suerf.org/publications/suerf-policy-notes-and-briefs/a-green-supporting-factor-the-right-policy/
https://www.suerf.org/publications/suerf-policy-notes-and-briefs/a-green-supporting-factor-the-right-policy/
https://kluwerlawonline.com/journalarticle/Common+Market+Law+Review/58.4/COLA2021068


                                                58 
 
 

De Marco F., Wieladeck T. (2015), “The Real Effect of Capital Requiremens and Monetary Policy: Evidence from the 
United Kingdom”, Bank of England Staff Working Paper n. 573, December, 
https://www.bankofengland.co.uk/working-paper/2015/the-real-effects-of-capital-requirements-and-monetary-
policy-evidence-from-the-uk  

De-Ramon S.., Francis W., Harris Q. (2016), “ Bank Capital Requirements and Balance Sheet Management Practices: 
Has the Relationship Changed After the Crisis?”, Bank of England Staff Working Paper n. 635,December, 
https://www.bankofengland.co.uk/working-paper/2016/bank-capital-requirements-and-balance-sheet-
management-practices-has-the-relationship-changed 

Diebold F., Doherty N., Herring R. (2010), “Introduction” in Diebold F., Doherty N., Herring R. (eds.), The Known, the 
Unknown and the Unknowable in Financial Risk Management, Princeton University Press (Princeton New Jersey) 

Dietsch M., Fraisse H., Lé M., “Lecarpentier S. (2020), Lower Bank Capital Requirements as a Policy Tool to Support 
Credit to SMEs: Evidence from a Policy Experiment”, Banque De France Working Paper n.789, December, 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3771271  

Di Maio C., Dimitropoulou M., Farkas Z.L., Houben S., Lialiouti G., Plavec K., Poignet R., Verhoeff E.E.M (2023), “An 
Examination of Net-Zero Commitments by the World’s Largest Banks”, European Central  Bank Occasional Paper 
Series n.334, November, https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op334~4ddaea487d.en.pdf  

D’Orazio P., Popoyan L. (2019), “Fostering Green Investments and Tackling Climate-related Financial Risks: Which 
Role for Macroprudential Policies?”, Ecological Economics n.160 pp.25-37, June, 
https://www.sciencedirect.com/science/article/abs/pii/S0921800918309601  

Dubiel-Telenszyski T., Franch F., Fukker G., Miccio D., Pellegrino M., Sydow M. (2022), “System-wide Amplification of 
Climate Risk”, European Central Bank Macroprudential Bulletin n.6, June, 
https://www.ecb.europa.eu/press/financial-stability-publications/macroprudential-
bulletin/html/ecb.mpbu202206_2~1bec56088f.en.html#toc2 

Dunz N., Mazzocchetti I., Monasterolo I., Raberto M. (2023), “The Macroeconomic and Financial Risk Assessment of 
Compounding Covid-19”, Journal of Banking and Finance 152, July, 
https://www.sciencedirect.com/science/article/pii/S0378426621002582  

Dunz N., Naqvi A., Monasterolo I. (2020), “Climate Transition Risk, Climate Sentiments and Financial Stability in a 
Stock-Flow Consistent Approach”, Journal of Financial Stability  54, June, 
https://www.sciencedirect.com/science/article/abs/pii/S1572308921000322  

ECCO (2023), Ainio S., Moro B., Noera M., “Mappatura degli strumenti finanziari per la transinzione green”; ECCO 
Climate Technical Report, Ottobre, https://eccoclimate.org/it/mappatura-degli-strumenti-finanziari-per-la-
transizione-green/  

EBA, European Banking Authority (2016), EBA Report on SME and SME Supporting Factor, European Banking 
Authority Report EBA/OP/2016/04, March, https://www.eba.europa.eu/publications-and-media/press-releases/eba-
publishes-report-smes-and-sme-supporting-factor 

EBA, European Banking Authority (2018), 2018 EU-wide Stress Test – Results, European Banking Authority Report, 
November, https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-2018-eu-wide-stress-
test-results  

EBA, European Banking Authority (2019), EBA Action Plan on Sustainable Finance, European Banking Authority 
Report,December, 
https://www.eba.europa.eu/sites/default/files/document_library/EBA%20Action%20plan%20on%20sustainable%20fin
ance.pdf  

 

 

https://www.bankofengland.co.uk/working-paper/2015/the-real-effects-of-capital-requirements-and-monetary-policy-evidence-from-the-uk
https://www.bankofengland.co.uk/working-paper/2015/the-real-effects-of-capital-requirements-and-monetary-policy-evidence-from-the-uk
https://www.bankofengland.co.uk/working-paper/2016/bank-capital-requirements-and-balance-sheet-management-practices-has-the-relationship-changed
https://www.bankofengland.co.uk/working-paper/2016/bank-capital-requirements-and-balance-sheet-management-practices-has-the-relationship-changed
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3771271
https://www.ecb.europa.eu/pub/pdf/scpops/ecb.op334~4ddaea487d.en.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0921800918309601
https://www.ecb.europa.eu/press/financial-stability-publications/macroprudential-bulletin/html/ecb.mpbu202206_2~1bec56088f.en.html#toc2
https://www.ecb.europa.eu/press/financial-stability-publications/macroprudential-bulletin/html/ecb.mpbu202206_2~1bec56088f.en.html#toc2
https://www.sciencedirect.com/science/article/pii/S0378426621002582
https://www.sciencedirect.com/science/article/abs/pii/S1572308921000322
https://eccoclimate.org/it/mappatura-degli-strumenti-finanziari-per-la-transizione-green/
https://eccoclimate.org/it/mappatura-degli-strumenti-finanziari-per-la-transizione-green/
https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-report-smes-and-sme-supporting-factor
https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-report-smes-and-sme-supporting-factor
https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-2018-eu-wide-stress-test-results
https://www.eba.europa.eu/publications-and-media/press-releases/eba-publishes-2018-eu-wide-stress-test-results
https://www.eba.europa.eu/sites/default/files/document_library/EBA%20Action%20plan%20on%20sustainable%20finance.pdf
https://www.eba.europa.eu/sites/default/files/document_library/EBA%20Action%20plan%20on%20sustainable%20finance.pdf


                                                59 
 
 

EBA, European Banking Authority (2021a), Advice tohe Commission on KPIs and Methodology for Disclosure by 
Credit Institutions and Investment Firms unde the NFRD on How and to What Extent Their Activities Qualify as 
Environmentally Sustainable According to the EU Taxonomy Regulation, European Banking Authority Report 
EBA/REP/2021/03, March, 
https://www.eba.europa.eu/sites/default/files/document_library/About%20Us/Missions%20and%20tasks/Call%20for%
20Advice/2021/CfA%20on%20KPIs%20and%20methodology%20for%20disclosures%20under%20Article%208%20of%2
0the%20Taxonomy%20Regulation/963616/Report%20-
%20Advice%20to%20COM_Disclosure%20Article%208%20Taxonomy.pdf  

EBA, European Banking Authority (2021b), On Management and Supervision of ESG Risks for Credit Institutions and 
Investment Firms, European Banking Authority Report EBA/REP/2021/18, June, https://www.eba.europa.eu/eba-
publishes-its-report-management-and-supervision-esg-risks-credit-institutions-and-investment   

EBA, European Banking Authority (2022a), Final Report on ITS on Prudential Disclosures on ESG Risks in 
accordance with Article 449a CRR , European Banking Authority Report EBA/ITS/2022/01, January 24, 
https://www.eba.europa.eu/sites/default/documents/files/document_library/Publications/Draft%20Technical%20Sta
ndards/2022/1026171/EBA%20draft%20ITS%20on%20Pillar%203%20disclosures%20on%20ESG%20risks.pdf 

EBA, European Banking Authority (2022 b), EBA Roadmap for Sustainable Finance, European Banking Authority 
Report EBA/REP/2022/30, December, 
https://www.eba.europa.eu/sites/default/files/document_library/Publications/Reports/2022/ESG%20roadmap/104537
8/EBA%20Roadmap%20on%20Sustainable%20Finance.pdf 
 
EBA, European Banking Authority (2023a), On the Role of Environmental and Social Risks in the Prudential 
Framework, European Banking Authority Report EBA/REP/2023/34, October, 
https://www.eba.europa.eu/publications-and-media/press-releases/eba-recommends-enhancements-pillar-1-
framework-capture  

 
EBA, European Banking Authority (2023b), EBA Report in Response to the Call for Advice from the European 
Commission on Green Loans and Mortgages, European Banking Authority Report EBA/REP/2023/38, December, 
https://www.eba.europa.eu/publications-and-media/press-releases/eba-proposes-voluntary-eu-green-loan-label-
help-spur-markets  
 
EBF, European Banking Federation (2024), “Green Asset Ratio Cannot Be to Sustainability What CET1 is to Capital”, 
European Banking Federation Staff Paper, January, https://www.ebf.eu/ebf-media-centre/green-asset-ratio-cannot-
be-to-sustainability-what-cet1-is-to-capital/ 
 
ECB, European Central Bank (2020a), Guide on Climate related and Environmental Risks. Supervisory Expectations 
Relating to Risk Management and Disclosure, ECB Bankng Supervision,. May, 
https://www.bankingsupervision.europa.eu/legalframework/publiccons/pdf/climate-
related_risks/ssm.202005_draft_guide_on_climate-related_and_environmental_risks.en.pdf  
 
ECB, European Central bank (2022a), 2022 Climate Stress Test Report, ECB Report, July 2022, 
https://www.bankingsupervision.europa.eu/banking/tasks/stresstests/html/index.en.html#:~:text=In%202023%20the
%20ECB%20will,the%20end%20of%20July%202023 
 
ECB, European Central bank (2022b), Walking the Talk. Banks Gearing-Up to Manage Risks from Climate Change 
and Environmental Degradation. Results of the 2022 Thematic Review on Climate-related and Environmental 
Risks, ECB Bankng Supervision, November, 
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.thematicreviewcerreport112022~2eb322a79c.en.pdf 
 
ECB, European Central bank (2022c), Good Practices for Climate-related and Environmental Risk Management. 
Observations from the 2022 Thematic Review, ECB Bankng Supervision, November, 
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.thematicreviewcercompendiumgoodpractices112022~
b474fb8ed0.en.pdf  
 

https://www.eba.europa.eu/sites/default/files/document_library/About%20Us/Missions%20and%20tasks/Call%20for%20Advice/2021/CfA%20on%20KPIs%20and%20methodology%20for%20disclosures%20under%20Article%208%20of%20the%20Taxonomy%20Regulation/963616/Report%20-%20Advice%20to%20COM_Disclosure%20Article%208%20Taxonomy.pdf
https://www.eba.europa.eu/sites/default/files/document_library/About%20Us/Missions%20and%20tasks/Call%20for%20Advice/2021/CfA%20on%20KPIs%20and%20methodology%20for%20disclosures%20under%20Article%208%20of%20the%20Taxonomy%20Regulation/963616/Report%20-%20Advice%20to%20COM_Disclosure%20Article%208%20Taxonomy.pdf
https://www.eba.europa.eu/sites/default/files/document_library/About%20Us/Missions%20and%20tasks/Call%20for%20Advice/2021/CfA%20on%20KPIs%20and%20methodology%20for%20disclosures%20under%20Article%208%20of%20the%20Taxonomy%20Regulation/963616/Report%20-%20Advice%20to%20COM_Disclosure%20Article%208%20Taxonomy.pdf
https://www.eba.europa.eu/sites/default/files/document_library/About%20Us/Missions%20and%20tasks/Call%20for%20Advice/2021/CfA%20on%20KPIs%20and%20methodology%20for%20disclosures%20under%20Article%208%20of%20the%20Taxonomy%20Regulation/963616/Report%20-%20Advice%20to%20COM_Disclosure%20Article%208%20Taxonomy.pdf
https://www.eba.europa.eu/eba-publishes-its-report-management-and-supervision-esg-risks-credit-institutions-and-investment
https://www.eba.europa.eu/eba-publishes-its-report-management-and-supervision-esg-risks-credit-institutions-and-investment
https://www.eba.europa.eu/sites/default/documents/files/document_library/Publications/Draft%20Technical%20Standards/2022/1026171/EBA%20draft%20ITS%20on%20Pillar%203%20disclosures%20on%20ESG%20risks.pdf
https://www.eba.europa.eu/sites/default/documents/files/document_library/Publications/Draft%20Technical%20Standards/2022/1026171/EBA%20draft%20ITS%20on%20Pillar%203%20disclosures%20on%20ESG%20risks.pdf
https://www.eba.europa.eu/sites/default/files/document_library/Publications/Reports/2022/ESG%20roadmap/1045378/EBA%20Roadmap%20on%20Sustainable%20Finance.pdf
https://www.eba.europa.eu/sites/default/files/document_library/Publications/Reports/2022/ESG%20roadmap/1045378/EBA%20Roadmap%20on%20Sustainable%20Finance.pdf
https://www.eba.europa.eu/publications-and-media/press-releases/eba-recommends-enhancements-pillar-1-framework-capture
https://www.eba.europa.eu/publications-and-media/press-releases/eba-recommends-enhancements-pillar-1-framework-capture
https://www.eba.europa.eu/publications-and-media/press-releases/eba-proposes-voluntary-eu-green-loan-label-help-spur-markets
https://www.eba.europa.eu/publications-and-media/press-releases/eba-proposes-voluntary-eu-green-loan-label-help-spur-markets
https://www.ebf.eu/ebf-media-centre/green-asset-ratio-cannot-be-to-sustainability-what-cet1-is-to-capital/
https://www.ebf.eu/ebf-media-centre/green-asset-ratio-cannot-be-to-sustainability-what-cet1-is-to-capital/
https://www.bankingsupervision.europa.eu/legalframework/publiccons/pdf/climate-related_risks/ssm.202005_draft_guide_on_climate-related_and_environmental_risks.en.pdf
https://www.bankingsupervision.europa.eu/legalframework/publiccons/pdf/climate-related_risks/ssm.202005_draft_guide_on_climate-related_and_environmental_risks.en.pdf
https://www.bankingsupervision.europa.eu/banking/tasks/stresstests/html/index.en.html#:~:text=In%202023%20the%20ECB%20will,the%20end%20of%20July%202023
https://www.bankingsupervision.europa.eu/banking/tasks/stresstests/html/index.en.html#:~:text=In%202023%20the%20ECB%20will,the%20end%20of%20July%202023
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.thematicreviewcerreport112022~2eb322a79c.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.thematicreviewcercompendiumgoodpractices112022~b474fb8ed0.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.thematicreviewcercompendiumgoodpractices112022~b474fb8ed0.en.pdf


                                                60 
 
 

ECB, European Central bank (2023a), The Importance of Being Transparent. A Review of Climate-related and 
Environmental Risk Disclosures Practices and Trends, ECB Bankng Supervision,April, 
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.theimportanceofbeingtransparent042023~1f0f816b85.
en.pdf  
 
ECB, European Central Bank (2023b), Towards Climate-related Statistical Indicators, European System of Central 
Banks Statistics Committee, January, 
https://www.ecb.europa.eu/pub/pdf/other/ecb.climate_change_indicators202301~47c4bbbc92.en.pdf 
 
ECB, European Central Bank (2023c), 2023 Stress Test of Euroarea Banks. Final Results, July, 
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.Report_2023_Stress_Test~96bb5a3af8.en.pdf 
 
ECB, European Central Bank (2024a), Risks from Misalignment of Banks’ Financing with the EU Climate Objectives. 
Assessment of the Alignment of the European Banking Sector, ECB Banking Supervision, January, 
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.bankingsectoralignmentreport202401~49c6513e71.en.p
df  
 
ECB, European Central Bank (2024b), Climate-change Related Statistical Indicators, ECB Statistics Committee 
Expert Group on Climate Change and Statistics and Working Group on Securities Statistics, Statistics paper Series 
n.48, April, https://www.ecb.europa.eu/pub/pdf/scpsps/ecb.sps48~e3fd21dd5a.en.pdf   
 
ECB-ESRB, European Central Bank – European Systemic Risk Board (2022), Macroprudential Challenge of Climate 
Change, ECB/ESRB Project Team on Climate Risk Monitoring, July, 
https://www.esrb.europa.eu/pub/pdf/reports/esrb.ecb.climate_report202207~622b791878.en.pdf  
 
EEFIG, Energy Efficiency Financial Institution Group (2022), The Quantitative Relationship between Energy 
Efficiency Improvements and Lower Porbability of Default of Associated Loans and Increased Value of the 
Underlying Assets, https://op.europa.eu/en/publication-detail/-/publication/32387875-b94b-11ec-b6f4-
01aa75ed71a1/language-en  
 
EFRAG, European Financial Reporting Advisory Group (2023), European Sustainable Reporting Standards (ESRS), 
July,  https://www.efrag.org/lab6  e https://www.efrag.org/News/Public-479/EFRAGs-public-consultation-on-two-
Exposure-Drafts-on-sustainability-r 
 
Esposito L., Mastromatteo G., Molocchi A. (2018), “Environment Risk Weighted Assets: Allowing Banking Supervision 
and Green Economy to Meet for Good”, Journal of Sustainable Finance & Investment (9(1) pp. 68-86, November, 
https://www.researchgate.net/publication/328732892_Environment_-_risk-
weighted_assets_allowing_banking_supervision_and_green_economy_to_meet_for_good#fullTextFileContent 
 
Esposito L., Mastromatteo G., Molocchi A. (2020), “Extending Environment Risk Weighted Assets: EU Taxonomy and 
Banking Supervision”, Journal of Sustainable Finance & Investment 11(3) pp.1-19, June, 
https://www.researchgate.net/publication/342478596_Extending_'environment-
risk_weighted_assets'_EU_taxonomy_and_banking_supervision   
 
European Commission (2018), Action Plan: Financing a Sustainable Growth, ommunication from the Commission 
COM(2018) 97 final (8.3.2018), https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52018DC0097  
 
European Commission (2019), Guidelines on Non-financial Reporting: Supplement on Reporting Climate-related 
Information, Communication from the Commission 2019/C 209/01, 20.06.2019, https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52019XC0620%2801%29  
 
European Parliament and Council (2013a), Capital Requirement Directive (CRR) 2013/36/EU (26.6.2013), https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32013L0036  
 
European Parliament and Council (2013b), Capital Requirement Regulation (CRR) 575/2013 (26.6.2013), emendata 
dalla Regulation (EU) 2019/876 (20.5/2019), https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32013R0575 

https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.theimportanceofbeingtransparent042023~1f0f816b85.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.theimportanceofbeingtransparent042023~1f0f816b85.en.pdf
https://www.ecb.europa.eu/pub/pdf/other/ecb.climate_change_indicators202301~47c4bbbc92.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.Report_2023_Stress_Test~96bb5a3af8.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.bankingsectoralignmentreport202401~49c6513e71.en.pdf
https://www.bankingsupervision.europa.eu/ecb/pub/pdf/ssm.bankingsectoralignmentreport202401~49c6513e71.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpsps/ecb.sps48~e3fd21dd5a.en.pdf
https://www.esrb.europa.eu/pub/pdf/reports/esrb.ecb.climate_report202207~622b791878.en.pdf
https://op.europa.eu/en/publication-detail/-/publication/32387875-b94b-11ec-b6f4-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/32387875-b94b-11ec-b6f4-01aa75ed71a1/language-en
https://www.efrag.org/lab6
https://www.efrag.org/News/Public-479/EFRAGs-public-consultation-on-two-Exposure-Drafts-on-sustainability-r
https://www.efrag.org/News/Public-479/EFRAGs-public-consultation-on-two-Exposure-Drafts-on-sustainability-r
https://www.researchgate.net/publication/328732892_Environment_-_risk-weighted_assets_allowing_banking_supervision_and_green_economy_to_meet_for_good#fullTextFileContent
https://www.researchgate.net/publication/328732892_Environment_-_risk-weighted_assets_allowing_banking_supervision_and_green_economy_to_meet_for_good#fullTextFileContent
https://www.researchgate.net/publication/342478596_Extending_'environment-risk_weighted_assets'_EU_taxonomy_and_banking_supervision
https://www.researchgate.net/publication/342478596_Extending_'environment-risk_weighted_assets'_EU_taxonomy_and_banking_supervision
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52018DC0097
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019XC0620%2801%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019XC0620%2801%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32013L0036
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32013L0036
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32013R0575


                                                61 
 
 

European Parliament and Council (2019), Investment Firms Directive (IFR), 2019/34/EU (27.11.2019), https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L2034 . 

European Parliament and Council (2020), On the Estabishment of a Framework to Facilitate Sustainable 
Investment and Amending Regulation (EU) 2019/2088, Regulation (EU) 2020/852 (18.06.2020), https://eur-
lex.europa.eu/eli/reg/2020/852/oj  

European Parliament and Council (2021), European Climate Law, Regulation 2021/1119 del 30/6/2021, 
https://climate.ec.europa.eu/eu-action/european-climate-law_en 

European Parliament and Council (2022), Corporate Sustainability Reporting Directive (CSRD),2022/2464/EU 
(14.12.2022) ,https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32022L2464  

EU HLEG (2018), Financing a Sustainable European Economy – Final Report, European Commission High Level 
Expert Group on Sustainable Finance, Brussels, January, https://finance.ec.europa.eu/publications/high-level-expert-
group-sustainable-finance-hleg_en  

Faiella I., Lavecchia L. (2020), “The Carbon Footprint of Italian Loans”, Banca d’Italia Questioni di Economia e 
Finanza (Occasional Papers) n.557, April, https://www.bancaditalia.it/pubblicazioni/qef/2020-
0557/index.html?com.dotmarketing.htmlpage.language=1  

Farmer J.D., Kleinnijenhuis A.M., Nahai-Williamson P., Wetzer T. (2020), “Foundations of Sistem-Wide Financial Stress 
Testing with Heterogeneous Institutions”, Bank of England Staff Working Paper n.861, May, 
https://www.bankofengland.co.uk/-/media/boe/files/working-paper/2020/foundations-of-system-wide-financial-
stress-testing-with-heterogeneous-institutions.pdf 

Fraisse H., Lé M., Thesmar D. (2017), “The Real Effects of Bank Capital Requirements” European Systemic Risk Board 
(ESRD) Working Paper Series n.47, June, https://www.esrb.europa.eu/pub/pdf/wp/esrbwp47.en.pdf  

Fukker G., Kok C. (2021), “On the Optimal Control of Interbank Contagion in the Euroarea Banking System”, 
European Central Bank (ECB) Working Papers Series n.2554, May, 
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2554~cd642c650a.en.pdf  

G20 (2022), G20 Sustainable Finance Report, G20 Sustainable Finance Working Group ,https://g20sfwg.org/wp-
content/uploads/2022/10/2022-G20-Sustainable-Finance-Report-2.pdf 

Gai P. (2013), Sistemic Risk. The Dynamics of Modern Financial Systems, Oxford University Press (London UK) 

Gai P., Haldane A., Kapadia S. (2011), “Complexity,Concentration and Contagion”, Journal of Monetary Economics 58, 
pp.453-470, 
https://faculty.sites.iastate.edu/tesfatsi/archive/tesfatsi/ComplexityConcentrationContagion.JME.GaiHaldaneKapdia2
011.pdf   

Gai P., Kapadia S. (2010), “Contagion in Financial Networks” in Proceedings of the Royal Society of London, A 
Mathematical, Physical and Engeneering Science, The Royel Society, March, 
https://royalsocietypublishing.org/doi/10.1098/rspa.2009.0410    

Gerali A., Neri S., Sessa L., Signoretti F.M. (2010), “Credit and Banking in a DGSE Model of Euroarea”, Banca d’Italia 
Temi di Discussione (Working Papers) n. 740, 2010, https://www.bancaditalia.it/pubblicazioni/temi-
discussione/2010/2010-0740/index.html?com.dotmarketing.htmlpage.language=1   

Gertler M., Karadi P. (2011), “A Model of Unconventional Monetary Policy”, Journal of Monetary Economics 58(1) pp.17-
34, January, https://www.sciencedirect.com/science/article/abs/pii/S0304393210001261  

Gertler M., Kiyotaki N (2015), “Banking, Liquidity and Bank Runs in an Infinite Horizon Economy”, American 
Economic Review 105(7) pp. 2011-2043, July, 
https://faculty.wcas.northwestern.edu/lchrist/course/Kiel2015/GK_AER.pdf  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L2034
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32019L2034
https://eur-lex.europa.eu/eli/reg/2020/852/oj
https://eur-lex.europa.eu/eli/reg/2020/852/oj
https://climate.ec.europa.eu/eu-action/european-climate-law_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32022L2464
https://finance.ec.europa.eu/publications/high-level-expert-group-sustainable-finance-hleg_en
https://finance.ec.europa.eu/publications/high-level-expert-group-sustainable-finance-hleg_en
https://www.bancaditalia.it/pubblicazioni/qef/2020-0557/index.html?com.dotmarketing.htmlpage.language=1
https://www.bancaditalia.it/pubblicazioni/qef/2020-0557/index.html?com.dotmarketing.htmlpage.language=1
https://www.bankofengland.co.uk/-/media/boe/files/working-paper/2020/foundations-of-system-wide-financial-stress-testing-with-heterogeneous-institutions.pdf
https://www.bankofengland.co.uk/-/media/boe/files/working-paper/2020/foundations-of-system-wide-financial-stress-testing-with-heterogeneous-institutions.pdf
https://www.esrb.europa.eu/pub/pdf/wp/esrbwp47.en.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2554~cd642c650a.en.pdf
https://g20sfwg.org/wp-content/uploads/2022/10/2022-G20-Sustainable-Finance-Report-2.pdf
https://g20sfwg.org/wp-content/uploads/2022/10/2022-G20-Sustainable-Finance-Report-2.pdf
https://faculty.sites.iastate.edu/tesfatsi/archive/tesfatsi/ComplexityConcentrationContagion.JME.GaiHaldaneKapdia2011.pdf
https://faculty.sites.iastate.edu/tesfatsi/archive/tesfatsi/ComplexityConcentrationContagion.JME.GaiHaldaneKapdia2011.pdf
https://royalsocietypublishing.org/doi/10.1098/rspa.2009.0410
https://www.bancaditalia.it/pubblicazioni/temi-discussione/2010/2010-0740/index.html?com.dotmarketing.htmlpage.language=1
https://www.bancaditalia.it/pubblicazioni/temi-discussione/2010/2010-0740/index.html?com.dotmarketing.htmlpage.language=1
https://www.sciencedirect.com/science/article/abs/pii/S0304393210001261
https://faculty.wcas.northwestern.edu/lchrist/course/Kiel2015/GK_AER.pdf


                                                62 
 
 

Gertler M., Kiyotaki N., Prestipino A. (2016), “Wholesale Banking and Bank Runs in Macroeconomic Modelling of 
Financial Crisis”, in Taylor J., Ulhig H (eds), Handbook of Macroeconomics, vol 2B, ch.16 (Elsevier), 
https://www.princeton.edu/~kiyotaki/papers/GKP11092015_.pdf  

Goodley W., Lavoie M (2012), Monetary Economics. An Integrated Approach to Credit, Money, Income, Production 
and Wealth, 2nd ed., Palgrave-MacMillan (New York, London) 

Gourdel R., Monasterolo I., Dunz N., Mazzocchetti A., Parisi L. (2023), “The Double Materiality of limate Physical and 
Transizon Risks in The Euroarea”, European Central bank (ECB) Working Paper Series n.2665, May 2022 rev. Dec 
2023, 
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2665~622858d454.en.pdf?64ea055459d2735708ef921485e9fa9c  

Gourdel R., Sydow M. (2022), “Non-banks Contagion and the Uneven Mitigation of Climate Risk”, European Central 
Bank (ECB) Working Paper Series n.2757; December, 
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2757~80ba1bf7dd.en.pdf?ce3db2acd6b153d220d7549c98e041de  

Gualandri E., Noera M. (2014), “Rischi sistemici e regolamentazione macroprudenziale”, in Bisoni C., Gualandri E., 
Landi A., Lusignani G. (eds.), Lo stato della finanza: scritti in onore di Marco Onado, Il Mulino, Bologna 2014 

Haldane A. (2012), “The Dog and the Frisbee”, Bank of England, paper given at the Federal Reserve Bank of Kansas 
City 36th Economic Policy Symposium in Jackson Hole, Wyoming, August, 
https://www.bankofengland.co.uk/paper/2012/the-dog-and-the-frisbee   

IEA, International Energy Agency (2021), “Net Zero By 2050. A Roadmap for the Global Energy Sector”, International 
Energy Agency Report, July, https://www.iea.org/reports/net-zero-by-2050  

Imbierowicz B., Löffler A., Vogel U. (2019), “The Trnsmission of Capital Requirements and Monetary Policy to Bank 
Lending”, Deutsche Bundesbank Discussion Paper n.49/2019, 
https://www.bundesbank.de/resource/blob/824758/77aa38b557b5a50338d5f770e0853f1c/mL/2020-02-04-dkp-49-
data.pdf  

IPCC, Intergovernmental Panel on Climate Change (2018), Masson-Delmotte V., Zhai P. Pörtner H.O., Roberts D., Skea 
J., Shula P.R. (eds.), Global Warming at 1.5°C, IPCC Special Report of Globasl Warming of 1.5°C above Pre-
industrialLevels and Related Global Greenhouse Emission Pathaways, in the Context of Strenghtening the Global 
Response to the Threat of Climate Change, Sustainable Development and Effortsd to eradicate Poverty, 
Intergovernmental Panel on Climate Change (IPCC), Full Report, Cambridge University Press, 
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf  

IPCC, Intergovernmental Panel on Climate Change (2021), “Climate Change 2021. The Physical Science Basis- 
Summary for Politicians, Technical Summary, Frequently Asked Questions, Glossary”, in Masson-Delmotte V., Zhai P. 
(eds.), Contribution of the Working Group I to the Sixth Assessment Report of the International Panel on Climate 
Change, UNEP-WMO-WGI, Cambridge University Press, https://www.ipcc.ch/report/ar6/wg1/  

IPCC, Intergovernmental Panel on Climate Change (2022), “Mitigation of Climate Change” in Skea J., Skula P.R. (eds.), 
Contribution of the Working Group III to the Sixth Assessment Report of the International Panel on Climate 
Change, UNEP-WMO-WGI, Cambridge University Press, https://www.ipcc.ch/report/sixth-assessment-report-
working-group-3/  

IPCC, Intergovernmental Panel on Climate Change (2023), “Climate Change 2023. Synthesis Report. Summary for 
Policymakers”, in Lee H., Romero J, (eds.), Climate Change 2023. Contribution of Working Groups I, II, III to the Sixth 
Assessment Report of the International Panel on Climate Change, UNEP-WMO-WGI, Cambridge University Press, 
https://www.ipcc.ch/report/ar6/syr/  

IPSF, International Platform for Sustainable Finance (2022), Report on Transition Finance, LSFI Louxembourg 
Sustainable Finance Initiative (LSFI), November, https://lsfi.lu/the-international-platform-on-sustainable-finance-
publishes-and-presents-ipsf-report-on-transition-finance/  

https://www.princeton.edu/~kiyotaki/papers/GKP11092015_.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2665~622858d454.en.pdf?64ea055459d2735708ef921485e9fa9c
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2757~80ba1bf7dd.en.pdf?ce3db2acd6b153d220d7549c98e041de
https://www.bankofengland.co.uk/paper/2012/the-dog-and-the-frisbee
https://www.iea.org/reports/net-zero-by-2050
https://www.bundesbank.de/resource/blob/824758/77aa38b557b5a50338d5f770e0853f1c/mL/2020-02-04-dkp-49-data.pdf
https://www.bundesbank.de/resource/blob/824758/77aa38b557b5a50338d5f770e0853f1c/mL/2020-02-04-dkp-49-data.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-3/
https://www.ipcc.ch/report/ar6/syr/
https://lsfi.lu/the-international-platform-on-sustainable-finance-publishes-and-presents-ipsf-report-on-transition-finance/
https://lsfi.lu/the-international-platform-on-sustainable-finance-publishes-and-presents-ipsf-report-on-transition-finance/


                                                63 
 
 

ISSB, International Sustainability Standard Board (2023), International Sustainability Standards, IFRS International 
Financial Reporting Standards, June, https://www.ifrs.org/news-and-events/news/2023/06/issb-issues-ifrs-s1-ifrs-s2/ 

Jakab Z., Kumhof M. (2019), “Banks are not Intermediaries of Loanable Funds: Facts, Theory and Evidence”, Bank of 
England Staff Working Paper n.761, June, https://www.bankofengland.co.uk/working-paper/2018/banks-are-not-
intermediaries-of-loanable-funds-facts-theory-and-evidence 

Knight F. (1921), Risk, Uncertainty and Profit, Houghton Mifflin (Boston) 

Lavecchia L., Appodia J., Cantatore P., Cappariello R., Di Virgilio S., Felettigh A., Giustini A., Guberti V., Liberati D., 
Meucci G., Piermattei S. Schimperna F., Specchia K. (2022), “Dati e metodi per la valutazione sui rischi climatici e 
ambientali in Italia”, Banca d’Italia Questioni di Economia e Finanza (Occasional Papers) n. 732, Novembre, 
https://www.bancaditalia.it/pubblicazioni/qef/2022-0732/index.html?com.dotmarketing.htmlpage.language=102 

Lenton T.M. (2019), “Climate Tipping Points: Too Risky to Bet Against”, Nature vol. 575, November, 
https://www.nature.com/articles/d41586-019-03595-0  

Mayordomo S., Rodriguez-Moreno M. (2018), “Did the Bank Captal Relief Induced by the Support  Factor Enhance 
SMEs’Financing?”, Journal of Financial Intermediation 36, October, 
https://www.sciencedirect.com/science/article/abs/pii/S1042957318300342  

Matikainen S. (2017), “Green Doesn’t Mean Risk Free: Why We Should Be Cautious About a Green Supporting Factor 
in EU”, LSE Graham Research Institute on Climate Change and Environment, December, 
https://www.cccep.ac.uk/news/eu-green-supporting-factor-bank-risk/  

Meeks R., “Capital Regulation and the macroeconomy: Empirical Evidence and Macroprudential Policy”, European 
Economic Review n.95 pp.125-141, https://www.sciencedirect.com/science/article/abs/pii/S0014292117300570  

Monasterolo L. (2020), “Embedding Finance in the Macroeconomics of Climate Change: Research Challenges and 
Opportunities Ahead”, CESifo Forum 21(4) pp. 25-32 IFO Institute-Leibnitz Institute for Economic Research at 
University of Munich, November, https://www.cesifo.org/DocDL/CESifo-forum-2020-4-monasterolo-Embedding-
Finance-in-the-Macroeconomics-of-Climate-Change-november%20.pdf 

Montagna M., Kok C. (2016), “Multi-layered Interbank Model for Assessing Systemic Risk”, European Central Bank 
(ECB) Working Paper Series n.1944, August, https://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp1944.en.pdf   

NGFS Network for Greening the Financial System (2019a), A Call for Action. Climate Change as a Source of Financial 
Risk, April, https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-
_17042019_0.pdf  

NGFS Network for Greening the Financial System (2019b), Macroeconomic and Financial Stability. Implications of 
Climate Change, July, https://www.ngfs.net/sites/default/files/medias/documents/ngfs_research_priorities_final.pdf 

NGFS Network for Greening the Financial System (2020), Guide for Supervisors: Integrating Climate-related and 
Environmental Risks into Prudential Supevision , May, 
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guide_for_supervisors.pdf  

NGFS Network for Greening the Financial System (2021), Progress Report on the Guide for Supervisors, October, 
https://www.ngfs.net/sites/default/files/progress_report_on_the_guide_for_supervisors_0.pdf  

NGFS Network for Greening the Financial System (2022a), “NGFS Scenarios for Central Banks and Supervisors” , 
September, 
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervis
ors_.pdf.pdf  

NGFS Network for Greening the Financial System (2022b), Capturing Risk Differentials from Climate Related Risks: 
A Progress Report Lessons Learned from the Existing Analyses of Financial Institutions, Credit Rating Agencies and 
Supervisors, NFGS Technical Report, May, 
https://www.ngfs.net/sites/default/files/medias/documents/capturing_risk_differentials_from_climate-
related_risks.pdf  

https://www.ifrs.org/news-and-events/news/2023/06/issb-issues-ifrs-s1-ifrs-s2/
https://www.bankofengland.co.uk/working-paper/2018/banks-are-not-intermediaries-of-loanable-funds-facts-theory-and-evidence
https://www.bankofengland.co.uk/working-paper/2018/banks-are-not-intermediaries-of-loanable-funds-facts-theory-and-evidence
https://www.bancaditalia.it/pubblicazioni/qef/2022-0732/index.html?com.dotmarketing.htmlpage.language=102
https://www.nature.com/articles/d41586-019-03595-0
https://www.sciencedirect.com/science/article/abs/pii/S1042957318300342
https://www.cccep.ac.uk/news/eu-green-supporting-factor-bank-risk/
https://www.sciencedirect.com/science/article/abs/pii/S0014292117300570
https://www.cesifo.org/DocDL/CESifo-forum-2020-4-monasterolo-Embedding-Finance-in-the-Macroeconomics-of-Climate-Change-november%20.pdf
https://www.cesifo.org/DocDL/CESifo-forum-2020-4-monasterolo-Embedding-Finance-in-the-Macroeconomics-of-Climate-Change-november%20.pdf
https://www.ecb.europa.eu/pub/pdf/scpwps/ecbwp1944.en.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_first_comprehensive_report_-_17042019_0.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_research_priorities_final.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_guide_for_supervisors.pdf
https://www.ngfs.net/sites/default/files/progress_report_on_the_guide_for_supervisors_0.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_.pdf.pdf
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_climate_scenarios_for_central_banks_and_supervisors_.pdf.pdf
https://www.ngfs.net/sites/default/files/medias/documents/capturing_risk_differentials_from_climate-related_risks.pdf
https://www.ngfs.net/sites/default/files/medias/documents/capturing_risk_differentials_from_climate-related_risks.pdf


                                                64 
 
 

NGFS Network for Greening the Financial System (2022c), Credit Ratings and Climate Change: Challenges from 
Central Bank Operations, May,  
https://www.ngfs.net/sites/default/files/medias/documents/credit_ratings_and_climate_change_-
_challenges_for_central_bank_operations.pdf 

NGFS Network for Greening the Financial System (2023a), NGFS Conteptual Note on Short-term Climate Scenarios, 
October, https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-
scenarios.pdf  

NGFS Network for Greening the Financial System (2023b), NGFS Scenarios for Central Banks and Supervisors – 
Phase IV, November, https://www.ngfs.net/en/ngfs-climate-scenarios-phase-iv-november-2023 

NGFS Network for Greening the Financial System (2023c), NGFS Scenarios – Technical Documentation v.4.2, 
November, 
https://www.ngfs.net/sites/default/files/media/2024/01/16/ngfs_scenarios_technical_documentation_phase_iv_2023.p
df 

NGFS Network for Greening the Financial System (2024), NGFS Scenarios: Purpose, Use Cases and Guidance on 
Where Institutional Adaptations Are Required. An Explanatory Note, January, https://www.ngfs.net/en/ngfs-
guidance-note-scenarios  

OECD (2022), Guidance on Transition Finance Ensuring Credibility of Corporate Climate Transition Plans, Green 
Finance and Investments, OECD Report (Paris), October, https://www.oecd.org/environment/oecd-guidance-on-
transition-finance-7c68a1ee-en.htm  
 
Oehmke M. (2022), “Bank Capital Regulation and Climate Change”, European Systemic Risk Board (ESRB) ASC 
Insights n.3 , November, 
https://www.esrb.europa.eu/pub/asc/insights/shared/pdf/esrb.asc.insight_03_11_22~c72a4ae30d.en.pdf  
 
Oman W., Svartzman R. (2021), “What Justifies Sustainable Finance Measures? Financial-economic Interacrions and 
Possible Implications for Policymakers”, CESifo Forum 3/2021 (22) pp.3-11 ,May, 
https://www.cesifo.org/en/publications/2021/article-journal/what-justifies-sustainable-finance-measures-financial-
economic  
 
Onado M. (2017), Alla ricerca delle banca perduta, Il Mulino, Bologna 
 
Onado M. (2021), Economia e regolamentazione del sistema finanziario, Il Mulino, Bologna (quinta edizione) 
 
PACTA (2020), PACTA for Banks Methodology Document. Climate Scenario Analysis for Corporate Lending v. 1.1.0, 
Paris Agreement Capital Transition Assessment (PACTA)-2° Investing Initiative, September, 
https://www.transitionmonitor.com/wp-content/uploads/2020/09/PACTA-for-Banks-Methodology-Document.pdf 
 
Punzi M.T. (2018), “Role of Bank Lending in Financing Green Projects: a Dynamic Stochastic General Equilibrium 
Approach”, Asian Development Bank Institute (ADBI) Working Paper n.881, October; 
https://www.adb.org/sites/default/files/publication/460366/adbi-wp881.pdf  
 
ReCommon (2024), Unsupervised – The Carbon Pollution of the World’s Largest Banks, ReCommon Report, May 21, 
https://www.recommon.org/en/biggest-banks-finance-more-carbon-pollution-than-emissions-of-italy-germany-
france-and-uk-combined/  
 
Ripple W., Wolf C., Newsome T., Galetti M. Alamgir M., Crist E., Mamhoud M., Laurance W., (2017), “World Scientists’ 
Warning to Humanity. A Second Notice”, Bioscience 67(12), December, 
https://www.researchgate.net/publication/322251387_World_Scientists'_Warning_to_Humanity_A_Second_Notice 
 
Ripple W., Wolf C., Newsome T, Gregg J., Lenton T., Palomo I., Eikelbloom J., Law B., Huq S., Duffy P., Newsome T 
(2021), “World Scientists’ Warning of Climate Emergency 2021”, Bioscience  71(9), September, 
https://www.researchgate.net/publication/374550928_World_Scientists'_Warning_of_a_Climate_Emergency_2021  

https://www.ngfs.net/sites/default/files/medias/documents/credit_ratings_and_climate_change_-_challenges_for_central_bank_operations.pdf
https://www.ngfs.net/sites/default/files/medias/documents/credit_ratings_and_climate_change_-_challenges_for_central_bank_operations.pdf
https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-scenarios.pdf
https://www.ngfs.net/sites/default/files/medias/documents/conceptual-note-on-short-term-climate-scenarios.pdf
https://www.ngfs.net/en/ngfs-climate-scenarios-phase-iv-november-2023
https://www.ngfs.net/sites/default/files/media/2024/01/16/ngfs_scenarios_technical_documentation_phase_iv_2023.pdf
https://www.ngfs.net/sites/default/files/media/2024/01/16/ngfs_scenarios_technical_documentation_phase_iv_2023.pdf
https://www.ngfs.net/en/ngfs-guidance-note-scenarios
https://www.ngfs.net/en/ngfs-guidance-note-scenarios
https://www.oecd.org/environment/oecd-guidance-on-transition-finance-7c68a1ee-en.htm
https://www.oecd.org/environment/oecd-guidance-on-transition-finance-7c68a1ee-en.htm
https://www.esrb.europa.eu/pub/asc/insights/shared/pdf/esrb.asc.insight_03_11_22~c72a4ae30d.en.pdf
https://www.cesifo.org/en/publications/2021/article-journal/what-justifies-sustainable-finance-measures-financial-economic
https://www.cesifo.org/en/publications/2021/article-journal/what-justifies-sustainable-finance-measures-financial-economic
https://www.transitionmonitor.com/wp-content/uploads/2020/09/PACTA-for-Banks-Methodology-Document.pdf
https://www.adb.org/sites/default/files/publication/460366/adbi-wp881.pdf
https://www.recommon.org/en/biggest-banks-finance-more-carbon-pollution-than-emissions-of-italy-germany-france-and-uk-combined/
https://www.recommon.org/en/biggest-banks-finance-more-carbon-pollution-than-emissions-of-italy-germany-france-and-uk-combined/
https://www.researchgate.net/publication/322251387_World_Scientists'_Warning_to_Humanity_A_Second_Notice
https://www.researchgate.net/publication/374550928_World_Scientists'_Warning_of_a_Climate_Emergency_2021


                                                65 
 
 

Ripple W., Wolf C., Gregg J., Levin K., Rockström J., Newsome T., Betts M., Huq S., Law B., Kemp L., Kalmus P., Lenton 
T. (2022), “World Scientists’ Warning of Climate Emergency 2022”, Bioscience 72(12), October, 
https://www.researchgate.net/publication/364757952_World_Scientists'_Warning_of_a_Climate_Emergency_2022 

Riso A.L. (2021), “ Which Role for the Prudential Supe4rvison of Banks in Sustainable Finance?”, in Busch D., Ferrarini 
G., Grünewald (eds.), Sustainable Finance in Europe, EBI Studies in Banking and Capital Markets Law, Palgrave-
McMillan, Switzerland, https://link.springer.com/content/pdf/10.1007/978-3-030-71834-3.pdf  

Sayama H. (2015), Introduction to the Modeling and Analysis of Complex Systems, Open SUNY Textbooks Milne 
Library, State University of New York (Geneseo USA), 
https://knightscholar.geneseo.edu/cgi/viewcontent.cgi?article=1013&context=oer-ost  
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