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Abstract

Do climate stress tests affect bank credit supply to brown firms? Using a difference-

in-differences approach and detailed data on individual bank loans in the euro area,

this paper provides novel evidence on the effects of the ECB’s 2022 climate risk

stress test. Despite no capital implications or public disclosures, participating banks

significantly reduced credit to greenhouse gas-intensive industries relative to non-

participants. Among affected firms, smaller borrowers were more negatively im-

pacted. Notably, only the best-performing banks in the climate stress test signif-

icantly reduce their brown credit after participation. This is evidence that banks

which are more advanced in climate risk management more proactively consider

transition risks in their lending. In contrast, banks less advanced in managing cli-

mate risk do not to the same extent discriminate against polluting firms.

Keywords: Climate Risk, Climate Stress Test, Banking Supervision

JEL Codes: E51, G21, G28
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Non-technical summary

In recent years, central banks and banking regulators have become increasingly con-

cerned with the financial risks posed by climate change. While it is not in the mandate

of central banks or supervisors to implement climate policies, they recognize that climate

change and related policies can affect both the economy and financial stability. To ad-

dress this, banking regulators have started encouraging banks to manage their exposure

to climate-related risks carefully. One key tool are climate stress tests, which evaluate

how well banks can handle climate risks. Unlike traditional stress tests, these climate

stress tests do not result in penalties or public disclosure of individual results, raising

the question of whether this approach is strong enough to prompt meaningful changes

in banks’ behavior.

This study investigates whether climate stress tests influence banks’ lending practices,

particularly toward carbon-intensive industry (i.e., “brown”) firms. Using data from the

European Central Bank’s 2022 climate stress test, we examine if participating banks

reduced lending to brown firms compared to those that did not participate. We find

that banks involved in the stress test did indeed reduce their loans to brown firms. In

particular, small borrowers are more adversely affected by participating banks’ credit

allocation policies following the stress test. However, inherent differences between par-

ticipating and non-participating banks as well as other factors prevalent in our sample

period (e.g., the broader adverse macroeconomic environment) have likely played a role

in the lending dynamics we observe before and after the exercise.

To dig deeper, we focus on only the banks that participated in the stress test and

examine how their performance in the test influenced lending behavior. Our findings

suggest that only the highest-performing banks substantially reduced lending to brown

firms, hinting that stronger climate risk management practices might give banks more

ability or motivation to cut back on high-emission lending. Importantly, this result holds

beyond the consideration of external economic conditions or inherent bank-level differ-
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ences that could bias our results.

The findings suggest two main policy takeaways: First, only by enhancing their ca-

pacity to properly measure and stress test climate risks banks will be able to properly

manage the risks. Climate stress tests and other supervisory activities aiming at foster-

ing banks’ climate risk management approaches are therefore instrumental in supporting

the green transition. Second, the results show that additional measures may be needed,

especially for banks that scored lower in climate risk assessments, to encourage industry-

wide climate risk management. Both on the regulatory and supervisory side a range

of measures are being implemented in order to induce the banking industry to more

proactively measure and manage climate-related and environmental risks. Our results

therefore underscore the importance of a strong and enforceable supervisory framework,

including clearly defined expectations about climate stress testing and risk management

more broadly, to ensure that banks more effectively integrate climate risks into their

credit policies.
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1 Introduction

Central banks and banking supervisors have paid increasing attention to climate change-

related implications in recent years. While it is not in the mandate of central banks or

supervisors to conduct climate policies, they need to be mindful of the risks to the real

economy and the financial sector that climate change and policies aimed to mitigate it

may entail.

Against this background, in recent years banking supervisors have provided exten-

sive guidance and supervisory expectations to banks highlighting the importance that

they properly and prudently manage their climate risk exposures. One example for

such guidance are climate stress tests, in which regulators assess institutions’ level of

preparedness for properly managing climate risk without imposing disciplining action

ex-post. Climate stress tests thus differ from traditional supervisory stress tests in two

key aspects: Participating banks do not have to fear capital punishments contingent on

their performance and individual bank results are not published.

This lack of ex-post regulatory action raises the question whether such passive central

bank climate policy actions are sufficient to induce bank-level responses which alleviate

their climate risks. Given the novel nature of climate stress test, the existing literature

lacks empirical work convincingly identifying their effects. The current literature there-

fore cannot fully answer (1) whether climate stress tests induce bank-level changes in

credit, (2) whether these changes have firm-level implications, and (3) if so, why that

is the case. Finding answers to these questions is important since central banks will

need to clearly communicate how any proposed policies are justified within their various

mandates. This is especially relevant considering recent threats by the European Central

Bank (ECB) to fine banks over climate risk shortcomings.1

Do climate stress tests affect bank credit supply to brown (i.e., greenhouse gas intensive

sector) firms? Using detailed information on individual bank loans in the euro area,

1 Some euro zone banks may be fined after missing ECB climate goal, Reuters, 5 June 2024.
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we use a difference-in-differences design to study whether, following a climate stress

test, participating banks adversely change their credit supply to brown firms, relative to

non-participating banks. The ECB’s 2022 climate risk stress test, to which a selection

of banks was exogenously exposed, provides a suitable setting. Our results show that

participating banks reduce their lending to brown firms. In further disentangling credit

supply and demand, we find that small brown borrowers are more adversely affected

than their large counterparts. However, fixed-effects regressions and robustness tests

show that unobservable time-varying bank characteristics and selection effects within

treated banks drive the overall results. Indeed, participating institutions are signifi-

cantly different from non-participating institutions across several dimensions. Moreover,

they endogenously lend less than non-participating banks in the months following the

climate stress test.

To overcome this limitation and more fully study the effectiveness of the ECB’s cli-

mate stress test, we restrict our sample to participating banks only and analyze the

effect of bank-level performance in the climate stress test. We find that only the best-

performing banks significantly reduce their brown credit after participation, pointing to

a selection effect: Best-performing banks are likely in a better spot to reduce their brown

credit, or more inclined to do so. Scoring banks without any ex-post supervisory action

does therefore not suffice as a supervisory pressure instrument.

The rest of the paper is structured as follows. Section 2 provides a brief review of

the related literature. Section 3 explains the institutional details of the ECB’s 2022

climate risk stress test. Section 4 describes the empirical strategy and data. Section 5

presents the paper’s results, followed by robustness tests presented in section 6. Section

7 presents bank performance analyses and section 8 concludes.
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2 Related literature

The literature on bank credit and climate transition risks has generally documented that

banks price climate policy risk exposure in their lending behavior. Ivanov et al. (2022)

find that high-emission firms face shorter loan maturities, lower access to permanent

forms of bank financing, higher interest rates, and higher participation of shadow banks

in their lending syndicates. Delis et al. (2023) and Chava (2014) also show that banks

charge higher loan rates to price-in environmental risk faced by highly-exposed firms.

Kacperczyk and Peydró (2022) find that firms with higher carbon footprints previously

borrowing from banks which committed to decarbonization subsequently receive less

credit. Reghezza et al. (2022) study the Paris Agreement in 2015 as aggregate climate

regulatory event and find that European banks reallocated credit away from polluting

firms.

As to physical risks, Ouazad and Kahn (2022) show that in the aftermath of natural

disasters, lenders are more likely to approve mortgages that can be securitized, thereby

transferring climate risk. Nguyen et al. (2022) find that lenders charge higher interest

rates for mortgages on properties exposed to a greater risk of sea level risk. Conversely,

Murfin and Spiegel (2020) find no evidence of significant valuation effects between oth-

erwise similar homes but for which the time to inundation will differ depending on the

pace of the sea level rise. Overall, the literature on bank credit and climate risk suggests

that bank-level responses to such risks are already present without direct supervisory

intervention.

Another relevant strand of literature studies bank-level and real effects of traditional

stress tests. Testing different hypotheses surrounding the effect of bank stress tests on

credit supply, Acharya et al. (2018) find support of the Risk Management Hypothesis:

Stress-tested banks reduce credit supply particularly to relatively risky borrowers to de-

crease their credit risk. The authors identify various channels at work which, however,

all rely on ex-post supervisory requirements for banks to hold more capital relative to
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their credit risk exposure. Relatedly, Cortés et al. (2020) show that banks most affected

by stress tests reallocate credit away from riskier markets and toward safer ones. They

also raise interest rates on small loans. Quantities fall most in high-risk markets where

stress-tested banks own no branches, and prices rise mainly where they do. As to real

effects, Gropp et al. (2019) find that banks with higher capital punishments reduce lend-

ing to corporate and retail customers, resulting in lower asset, investment, and sales

growth for firms obtaining a larger share of their bank credit from the such banks. Fo-

cusing on public disclosure effects, Flannery et al. (2017) find that stress test disclosures

are associated with significantly higher absolute abnormal returns and higher abnormal

trading volume, suggesting that they generate significant, new information about stress-

tested banks. Schuermann (2014) further finds that the disclosure of results is a critical

component of stress tests as it allows to reestablish trust. The literature on traditional

stress tests therefore largely establishes that regulatory action in the form of capital

punishments or result disclosures are key to induce bank-level responses.

Another set of papers has considered the impact of banking supervision. Relying

on new metrics for supervisory scrutiny during the 2016 EU-wide stress test, Kok et al.

(2023) find that the disciplining effect on credit risk is stronger for banks subject to

more intrusive supervisory scrutiny during the exercise. Hirtle et al. (2020) show that

banks that receive more supervisory attention hold less risky loan portfolios, are less

volatile, and are less sensitive to industry downturns, but do not have lower growth or

profitability. Similarly, Corell and Papoutsi (2024) show that euro area banks pass on

the cost of complying with a large-exposure framework to borrowers above the exposure

threshold via interest rate premia and reduction in credit. Abbassi et al. (2023) analyze

the response of banks’ to the asset quality review conducted by the ECB and study the

associated real effects. They find that after its announcement, reviewed banks reduce

riskier security holdings and credit supply, with negative spillovers on asset prices and

firm-level credit availability. This literature therefore suggests that supervisory attention

beyond direct regulatory interventions can already induce bank- and firm-level effects.
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A recent set of papers has studied climate stress tests in particular. Most of these

papers have been normative in evaluating the design of climate stress tests (Acharya

et al., 2023; Battiston et al., 2017; Jung et al., 2023). Oehmke and Opp (2022) study

“green” capital requirements as a potential regulatory consequence of climate stress

tests. They find that higher capital requirements for dirty loans can reduce clean lend-

ing, while decreases in capital requirements for clean loans can increase dirty lending.

This is because changes in capital requirements affect credit allocation via the marginal

loan, which can be clean or dirty.

Given the novelty of climate stress testing exercises, the literature lacks a clear em-

pirical identification of their effects. Fuchs et al. (2023) are the first to empirically study

the bank-level and real effects of climate stress tests. The authors find that stress-tested

banks in the French bank climate pilot exercise increase loan volumes but charge higher

interest rates for high-emitting borrowers. Affected firms increase their climate risk

management efforts but do not exhibit changes in their emissions. We contribute to the

authors’ results by studying the ECB exercise as a relatively more exogenous identifica-

tion setting and by using more comprehensive credit data. Notably, Fuchs et al. (2023)

focuses on the French climate stress test exercise, which involved voluntary participa-

tion. Additionally, their analysis is limited to syndicated loans, which may influence the

types of banks included in the study.

This paper’s first contribution lies in its attempt to reconcile the first two strands of

literature highlighted above. We therefore want to shine light on the following ques-

tions: Do climate risk specific stress testing and banking supervision affect banks’ credit

risk management in the context of climate risk? And to which degree are supervisory

follow-ups or regulatory punishment necessary to meaningfully impact banks’ manage-

ment of climate risks in their credit business?

As to the literature on climate stress tests, one contribution is to provide more empir-

ical evidence alongside Fuchs et al. (2023). Going beyond, the paper’s main contribution

lies in its unique position to more convincingly identify (1) bank-level responses to cli-
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mate stress tests, (2) their firm-level implications, and (3) the underlying mechanisms

driving banks’ climate risk management in their credit business.

3 The ECB’s 2022 climate risk stress test

Climate stress tests are a novel tool to assess banks’ resilience to climate risks, with sev-

eral regulators having completed such exercises in the recent past (e.g., Bank of England

in 2021, the French Prudential Supervision and Resolution Authority (ACPR) in 2020,

and the Federal Reserve in 2023). While these climate stress testing exercises share

common features (e.g., credit risk projections under different climate shock scenarios),

the ECB’s 2022 climate risk stress test is unique along two key dimensions. First, it is

the only exercise in which the names of participating banks are not public knowledge.

Second, it is one of the few exercises that was not voluntary, instead targeting 104 sig-

nificant institutions under ECB supervision at the time. Further institutional details

are explained below.

3.1 Timeline and scope

Figure 1 describes the timeline of the exercise. While the actual exercise was imple-

mented in Q1 and Q2 of 2022, the ECB first announced it at the start of Q4 2021.

Importantly, this is the official date at which participating banks were first notified

about their involvement in the exercise.2 There was no EU-wide stress test by the Euro-

pean Banking Authority (EBA) and no overlap with other central banks’ climate stress

tests in 2022.3

2 See Letter to banks. Note that the general announcement that the ECB would run a climate stress
test in 2022 was made earlier, at the end of 2020 / beginning of 2021. Until the official notification of
individual banks, the Single Supervisory Mechanism (SSM) conducted an industry consultation on
the draft methodology of the test. Given the innovative nature of the exercise and the uncertainty
about the final methodology and approach, we assume that ex-ante adjustments and anticipation
effects before the announcement are not material.

3 The ECB/SSM however in parallel ran a desktop-based solvency exercise, the 2022 SSM Vulnera-
bility Analysis, in response to the Russian invasion of Ukraine and the energy crisis that followed.
It did not involve the banks directly and also did not have any direct capital implications, so should
arguably not be influencing the banks’ lending decisions.
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How does the 2022 climate risk stress test fit into the rest of the ECB’s supervisory

climate risk exercises? The exercise is just one of several supervisory activities to ad-

dress such risks in the euro area. Figures A1 and A2 place the exercise and its timeline

in the ECB’s general climate risk supervisory framework. Both figures highlight the

thematic review on climate-related and environmental risks as a possible threat to iden-

tification: Considering its content and timeline overlaps, we could potentially pick up

bank-level reactions to the thematic review, instead of the climate risk stress test. While

this cannot be fully ruled out, the relatively qualitative nature of the former alleviates

this concern: The thematic review focused on banks’ broader climate risk management

approaches, including governance issues. The climate stress test entailed extensive data

collections and quantitative analyses, including stress projections, providing banks with

more tangible outcomes in terms of their ability to measure climate risk in the first place

and the identification of their vulnerabilities to such risks.

3.2 Structure and modules

The climate risk stress test exercise consisted of three distinct modules: Module 1 com-

prised an overarching questionnaire to assess how banks are building their climate stress

test capabilities for use as a risk management tool.4 Module 2 was a data collection

and peer benchmark analysis with the objective to assess whether banks were able to

provide good quality climate data and allow for comparing banks across a common set

of climate risk metrics. The first metric captured how much banks rely on income from

carbon-intensive industries, based on the EU Technical Expert Group on Sustainable

Finance taxonomy of NACE-classified industries.5 This metric referred to the period

from 1 January 2021 to 31 December 2021. The second metric captured the volume of

greenhouse gas emissions banks finance, based on scope 1 to scope 3 emission intensity

metrics and as at 31 December 2020. Finally, Module 3 mimics a bottom-up stress test

targeting transition and physical risks, asking banks to provide projections of financial

4 See Climate risk stress test - SSM stress test 2022, Annex A.1 for a detailed overview of the questions.
5 See figure A3 for the full list of industries.
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losses (mainly credit risk and to a lesser extent market risk) under a variety of short-

and long-term climate scenarios. Figure A4 provides an overview of its structure.

Given the passive stock-taking nature of Module 1 and the uncertainty surrounding

projections made in Module 3, we expect any observable bank-level reaction to originate

in its completion of Module 2. While we refrain from hypothesizing any mechanisms

ahead of establishing a significant reaction in the first place, the qualitative nature of

Module 1 and the long-term scope of Module 3 speak against immediate adjustments in

credit supply, both upon announcement of and participation in the exercise. Module 2,

on the other hand, led to material information production on the side of banks, next to

signalling clear metrics that the ECB, as banking supervisor, cares about. Bank-level

reactions to Module 2 are also likely to dominate any effects from the thematic review

as a passive stock-taking exercise.6

3.3 Aggregate results

The key findings of the respective modules can be summarized as follows.7 Module 1

showed that banks had made considerable progress in their climate stress-testing capa-

bilities. However, the exercise also revealed many shortcomings, data gaps and inconsis-

tencies across institutions: Importantly, just 20% considered climate risk as a variable

in their loan decisions; although as we will argue in this paper the climate stress test

itself seem to have acted as a catalyst for selected banks to more proactively account

for these risks in their lending decision ex-post. Module 2 revealed that participating

significant institutions generate non-negligible income from activities related to GHG-

intensive industries: The share of interest income related to the 22 most GHG-emitting

industries amounted to more than 60% of total non-financial corporate interest income

on average. Moreover, banks lacked actual data regarding GHG emissions, with ca. 70%

of reported emission intensities relying on proxies. Finally, Module 3 showed that par-

6 Also consider that the thematic review covered 107 significant institutions and 79 less significant
institutions. There are therefore overlaps both in the treatment and control banks used in the
empirical strategy, alleviating concerns that the thematic review affects the two groups differentially.
See section 4.1.1 for details.

7 See 2022 climate risk stress test for details on aggregate findings.
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ticipating banks are, to varying degrees, exposed to the materialisation of acute physical

risks in Europe (e.g., drought and heat events, flood risk). The risks banks are facing

in this regard are closely linked to the geographical location of their credit businesses

and could in some cases lead to non-negligible losses. Banks further did not have robust

long-term transition plans and showed little differentiation between possible long-term

scenarios.

Aggregate results therefore showed that there are still many challenges banks are

facing with regard to climate risk stress testing. Accordingly, the exercise was deemed

a useful learning exercise for banks and supervisors, with a hope to act as a catalyst to

strengthen banks’ efforts to develop climate risk stress-testing frameworks.8 Next, we

explain how we empirically determine whether such adjustments are reflected in banks’

credit business.

4 Empirical analysis

We employ a set of standard triple difference-in-difference specifications to assess the

question empirically, whereby we progressively saturate the specification with fixed-

effects across multiple dimensions. This allows to (1) establish that any observed effect

is robust across different specifications, and (2) determine which unobservable time-

invariant or time-varying characteristics are possibly driving the baseline results. The

empirical strategy, possible threats to identification, and the data and sample used are

discussed in the following subsections.

8 See ECB report on good practices for climate stress testing as guidance for the industry in over-
coming some of these challenges, published by ECB Banking supervision.
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4.1 Methodology

4.1.1 Baseline regression

The baseline analysis is done at the bank-firm-month-level and considers the amount (in

log of EUR mn) of loans to borrower j from bank b at time t:

ln(LoanAmount)j,b,t = β0 + β1Postt + β2Treatb + β3Brownj + β4(Postt ×Brownj)

+ β5(Treatb ×Brownj) + β6(Postt × Treatb) (1)

+ β7(Postt × Treatb ×Brownj) + γXj,b,t + FE + ϵj,b,t

where Postt ∈ (PostAnnt, PostCSTt), capturing possible differential responses to the

announcement of (i.e., after October 2021) vs. the participation in (i.e., after July 2022)

the climate stress test. Treatb is equal to 1 if the loan is from a bank that has been

subject to the climate stress test, 0 otherwise. Recall that the exercise targeted 104 out

of 113 significant institutions under ECB supervision at the time. We use the 200 largest

less significant institutions as at 31 December 2021 as control banks.9 Brownj is equal

to 1 if borrowing firms belong to the list of GHG-intensive industries as pre-defined in

the exercise, 0 otherwise.10

We progressively saturate this specification with different sets of fixed-effects, namely

on a quarter, bank, firm, bank-quarter, firm-quarter, and bank-firm dimension. Standard

errors are clustered at the bank level. We further control for time-varying bank-firm

characteristics via Xj,b,t. In particular, we interact the brown indicator with time-

varying bank characteristics along which our treatment and control groups significantly

differ ex-ante.11 This is to account for observable characteristics which could affect how

the treatment and control banks extend credit to brown firms, beyond their participation

9 We refrain from using the exempted 9 significant institutions as control banks as they were excluded
for specific reasons (e.g., undergoing organizational changes). This renders them less suitable to use
as a comparison, as they were affected by other events occurring at the same time. The downsides
of using less significant institutions as control banks are their clear differences in nature, e.g. their
size or regulatory status. See section 4.2 for a more detailed discussion.

10 Other metrics could be used to classify firms as “brown”, e.g. based on GHG emission intensity
ex-ante. We restrict the analysis to the industry-defined classification used by the ECB.

11 See section 5.1 for details.
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in the exercise.12

4.1.2 Supply vs. demand

Do adjustments to credit upon participating in the climate stress test stem from changes

in bank credit supply or firm credit demand? The baseline regression does not allow

to simultaneously estimate and disentangle the credit supply and demand channels. To

achieve this, we employ the empirical strategy introduced by Khwaja and Mian (2008),

which exploits the granularity of data at hand by using the sample of firms with multiple

banking relationships: Using firm fixed-effects, in first-differenced data, we are able to

compare how the same firm’s loan growth from one bank changes relative to other more

affected (i.e., treated) banks. To the extent this within-firm comparison fully absorbs

firm-specific changes in credit demand, the estimated difference in loan growth can be

plausibly attributed to credit supply adjustments induced by being a treated bank.

Intensive margin

We run two separate regressions to first consider the intensive margin (i.e., changes in

credit supply for existing loans). The first specification uses a standard OLS regression:

∆ ln(LoanAmount)j,b = β0 + β1Treatb + β2(Treatb ×Brownj) (2)

+ β3(Treatb ×Brownj × Largej) + γ1Xb + γ2Zj + ϵj,b

Note that we now include an additional firm-level dummy variable to capture differential

effects based on firm size: Largej is equal to 1 for firms with above-median values for

log total assets as at 31 December 2021, 0 otherwise.13 We further control for bank-

and firm-level observable characteristics via Xb and Zj , respectively. Note that the OLS

estimates of β̂1, β̂2, β̂3 will be biased if the treatment is correlated with unobservable

characterstics affecting credit demand contained in ϵj,b. This is likely the case: Treated

12 See section 4.2 for examples and an extensive discussion of related identification concerns.
13 The dummy was not included in the baseline analysis as a four-dimensional interaction term for

clarity and expositional reasons.
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banks are likely to experience differential demand from brown and large firms given their

significance, regardless of their involvement in the exercise. We adopt a new method for

identifying bank credit supply via the following, second specification:

∆ ln(LoanAmount)j,b = β1Treatb + β2(Treatb ×Brownj) + β3(Treatb ×Brownj × Largej)

+ αj + γXb + ϵj,b (3)

Since the comparison is now across banks for the same firm, firm-specific demand shocks

are absorbed by the firm fixed-effect αj . However, this specification still does not con-

trol for a possible correlation between treatment status and unobservable characterstics

affecting credit supply: Treated and control banks might extend credit differentially to

brown and large firms given their differences in nature.14 Nonetheless, running this anal-

ysis is a useful exercise to disentangle credit supply from demand, allowing to at least

control for differential effects stemming from firm-level credit demand.

Extensive margin

Does the climate stress test affect the extensive margin of banks by inducing them ei-

ther to stop lending to firms altogether or reduce the intake of new firms? We test

the extensive margin of credit supply using the following OLS and firm fixed-effects

specifications:

Yj,b = β0 + β1Treatb + β2(Treatb ×Brownj) + β3(Treatb ×Brownj × Largej)

+ γ1Xb + γ2Zj + ϵj,b (4)

and

Yj,b = β1Treatb + β2(Treatb ×Brownj) + β3(Treatb ×Brownj × Largej)

+ αj + γXb + ϵj,b (5)

14 We partially address these concerns with robustness tests in section 6. See section 4.2.1 for a
detailed discussion.
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where Yj,b ∈ (EXITj,b, ENTRYj,b). For each loan, we create the outcome variable

EXITj,b, which is 1 if the loan is not renewed at some point during the post-period,

0 otherwise. ENTRYj,b is equal to 1 if the loan was made for the first time in the

post-period, 0 otherwise. As before, we use the firm fixed-effects approach to control

for changes in loan demand at the firm level, and test whether the same firm borrowing

from different banks is more likely to exit or enter a loan arrangement with a treated

bank.

Note that we run the supply vs. demand analysis only for the participation period.

To capture participation effects, ∆ ln(LoanAmount)j,b considers the change in the log

loan amounts prior to and after the participation quarters (i.e., before January 2022 and

after July 2022). The extensive margin outcome variables EXITj,b and ENTRYj,b are

constructed using the same logic.

While firm fixed-effects address identification concerns stemming from differential credit

demand, we refrain from taking the Khwaja and Mian (2008) approach off-the-shelf

without acknowledging that our setting is inherently different. First, the bank-level re-

sponse to the climate stress test exercise is not entirely exogenous. This is reflected

in the ongoing identification concern of differential credit supply of treated and control

banks. Second, we cannot cleanly and convincingly control for firm’s bank-specific loan

demand and its potential correlation with the treatment. While we could partly account

for bank-specific loan demand via firm times loan-type fixed-effects, we can only quali-

tatively make a case for why we do not expect it to correlate with banks’ involvement

in the climate stress test. We turn to this and other related concerns in subsection 4.2.

4.1.3 Firm-level effects

Next, we provide estimates of the impact of the bank-level treatment on firm-level out-

comes such as a firm’s total borrowing and other real outcomes. The former examines

whether firms can negate the effects of adverse credit supply adjustment due to the
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treatment from existing banks in aggregate by borrowing from other banks. The lat-

ter examines if affected firms experience adverse changes in real variables. We run the

following first-differenced equation:

∆Yj = βF
0 + βF

1
¯Treatj + γXj + ϵj (6)

where ∆Yj is the change in the firm-level attribute of interest. We specifically consider

firms’ total borrowing from all banks, their default probability, profit margins, total

assets, and scope 1 emission intensities. We now also use a firm-level formulation of the

treatment indicator ¯Treatj , which captures how many of a firm’s loans are on average

extended by treated banks ex-ante (i.e., we take the average of the bank-level treatment

indicator per firm). We use the same logic in constructing firms’ exposure to observable

bank controls, which are included in Xj , next to the standard firm-level controls. Unlike

before, we can no longer put in firm fixed-effects to account for firm-specific factors’

possible correlation with the treatment, since the specification is aggregated to the firm

level.

4.2 Identification concerns

There are three possible threats to identification: (1) Selection effects via ex-ante differ-

ences between treatment and control banks and firms, (2) other events occurring at the

same time as the exercise and their possibly differential effect on treatment and control

banks and firms, and (3) possible correlation between bank-specific loan demand and a

bank’s treatment status. We now explain these identification concerns and our attempts

to address them.

4.2.1 Selection effects

Results could be driven by ex-ante differences between treatment and control banks.

While time-invariant and time-varying observable and unobservable differences can be

controlled for via the inclusion of bank and firm control variables and various fixed-
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effects, the concern remains if such differences determine the treatment status or differ-

entially affect brown lending. This is likely the case: For example, significant treatment

banks are large by nature and thus more likely to maintain lending relationships with

large firms which tend to belong to GHG-intensive industries. Or treatment banks are

by nature more heavily regulated which perhaps makes them more susceptible to the

“pro-green” policy environment, endogenously restricting their credit supply to brown

firms.

To the extent that these differences are observable, they can be controlled for using

the triple-dimension control variables Xj,b,t in the baseline regression: Xj,b,t captures

the correlation of such observable characteristics with the respective bank’s tendency

to extend credit to brown firms. Concerns arise when differences are unobservable, as

the variation of the data does not allow to interact bank-quarter fixed-effects with the

brown indicator. We acknowledge these limitations and provide a detailed discussion of

observed effects in section 5.2. Moreover, robustness tests in section 6 restrict the sample

of banks to the 3 smallest significant treated institutions and 3 largest less significant

control institutions for each country. This aims at making the treatment and control

banks more comparable, which allows to further determine how much results are driven

by bank-level differences.

4.2.2 Other events

Recalling the timeline of the exercise in figure 1, the second clear identification concern

is that other events occurring at the same time of the exercise could differentially affect

treatment and control banks and firms. The most obvious example is the period of high

inflation starting in Q3 2021 and having reached its peak in Q3 2022, exacerbated by the

supply shock caused by the Russian invasion of Ukraine in February 2022. Given that

energy costs in particular were rising at the time, it is plausible that firms belonging to

GHG-intensive industries have been more adversely affected.

Again, effects stemming from events outside of the climate stress test are problematic

if they affect treatment and control banks differently. On the one hand, considering
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treated banks’ possible tendency to lend to brown firms, their susceptibility to high

inflation would point to a potentially adverse reaction of treated banks’ credit supply

to brown firms. On the other hand, treated banks’ regulatory status requires them to

hold much more capital against possible losses and cash outflows, putting them in a

relatively better position to supply credit to newly distressed brown firms. Of course,

there are many more viewpoints and possible stories to consider here. In any case, the

issue again boils down to unobservable differences between treatment and control banks

possibly subjecting them to greater vulnerability to high inflation, and thereby affecting

their credit supply to brown firms. As with selection effects, not much can be done to

convincingly account for this beyond the detailed discussion of results and robustness

checks.

4.2.3 Correlation between bank-specific loan demand and treatment

While we could partly account for bank-specific loan demand via firm times loan-type

fixed effects, it may very well be that a brown firm borrowing from two different banks

(one treated and the other not) might shift its credit demand to the non-treated bank

upon learning about the treated bank’s status. The bank-specific loan demand and

treatment status may therefore be correlated. This is particularly the case if we assume

that a brown firm expects a restriction in future credit supply if a bank participates in

the climate stress test.

Is this assumption plausible? Generally, yes. However, we would argue that two key

features of the ECB’s exercise render this assumption less plausible. First, the list of

participating banks is not public. Firms would therefore not know about their bank’s

participation without inquiring at the bank or using any other form of insider infor-

mation. This cannot be ruled out, but we would refer to the second key feature to

alleviate this concern: The lack of regulatory consequences of the exercise. Is it plausi-

ble to assume that brown firms would go beyond their usually short-term profit-driven

considerations and adjust their loan demand if they know that whatever exercise their

creditors are subjected to do not have material consequences for them? We would argue
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less so.

Evidently, some identification concerns can be invalidated more convincingly, while oth-

ers remain open issues. We acknowledge the limitations of our setting and consider these

concerns when interpreting the empirical results in section 5.

4.3 Data and sample

The empirical analysis requires data on bank credit supply as key outcome variable, bank

and firm control data to control for relevant observables, and data on firm emissions.

We obtain monthly loan data from AnaCredit, which contains loan-by-loan information

on credit to companies and other legal entities extended by credit institutions and their

foreign branches. AnaCredit contains highly granular credit and credit risk data, starting

at loan amounts as small as 25,000 EUR. In particular, we obtain creditor and debtor

identifiers, as well as respective outstanding loan amounts at monthly frequency, debtor

and creditor-level country data, debtor-level NACE-based sector data, and instrument-

level interest rate spreads and probabilities of default.

Using obtained creditor identifiers, we use FINREP and COREP as additional su-

pervisory data sources for quarterly bank control data. FINREP (Financial Reporting)

and COREP (Common Reporting) are standardized reporting frameworks used by fi-

nancial institutions within the European Union to report their regulatory capital and

financial information to supervisory authorities. In particular, we obtain balance sheet

and income statement data including assets, liabilities, equity, income, and expenses

from FINREP, while solvency ratios, leverage ratios and liquidity coverage ratios are

obtained from COREP. Accordingly, we are able to control for a range of bank-level

characteristics possibly influencing credit supply.

Finally, we link our debtor identifiers to Orbis for yearly firm control data. Orbis is

a global database which has information on descriptive company information and fun-

damentals, particularly on assets, net income, return on assets and return on equity,

liquidity ratios, and solvency ratios. In addition, we obtain annual firm-level emissions
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data from ISS/Factset, specifically on GHG emissions for Scope 1, 2, and 3, and respec-

tive GHG intensities. We can thus control for a variety of firm-level characteristics that

might affect credit demand. Importantly, in addition to our comprehensive inclusion of

controls, the granularity of our data on the bank-firm-time dimension allows us to absorb

much of the variation driving credit supply and demand via firm-time and bank-time

fixed-effects.

The final sample for the baseline analysis consists of ca. 1.2 million loans, extended

to 12,242 distinct firms and originated by 259 banks. The banks consist of 101 (out

of 104) participating significant treatment institutions and 158 (out of the largest 200)

less significant control institutions as at 31 December 2021.15 The timeframe runs from

January 2020 until September 2023.

5 Results

5.1 Descriptive statistics

Table 1 presents summary statistics comparing treatment and control banks and their re-

spective borrowers across several dimensions. The last column uses Imbens andWooldridge

(2009) normalized differences to test for significant differences between the groups.16 Ta-

ble 1 shows that there are significant differences between treatment and control banks,

particularly in terms of their size, defaulted loans, net income, liquid assets, and the size

of their borrowers. Treated banks also service significantly smaller firms. There are no

significant differences when considering GHG emission intensity metrics or the ex-ante

fraction of borrowers belonging to GHG-intensive industries.

It is not surprising that treatment and control banks differ so significantly given

their inherent differences in nature as significant vs. less significant institutions. To

address concerns whereby these differences could drive any observed effect in credit

15 Some banks drop out due to missing control data.
16 Estimations are able to balance covariates if normalized differences lie within a range of 25 percent-

age points around zero.
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supply and demand, we construct the triple-dimension control variable Xj,b,t to include

all of the significantly different observable characteristics shown in table 1. In particular,

we interact each time-varying bank-level variable with the firm-level brown indicator.

This captures treatment banks’ tendency to extend credit to brown firms differentially

from control banks, where this tendency is driven by these observable characteristics.

5.2 Baseline results

Table 2 presents baseline regression results, starting with the baseline specification and

progressively saturating it with different sets of fixed-effects. Column (9) is the most

saturated specification, controlling for time-varying bank- and firm-level unobservables

as well as time-varying bank-level observable characteristics possibly influencing brown

lending via Xj,b,t (included in “Controls”), and bank-firm relationships. The baseline

results are robust to clustering standard errors on a bank-industry level (see table A1).

The coefficient on PostAnnt × Treatb × Brownj is consistently negative, although it

turns significant only from column (5)-(8). The coefficient turns insignificant again once

bank-firm relationships are accounted for in column (9). Table 2 generally indicates that

the announcement of the climate stress test alone has not induced any significant differ-

ential reduction in lending between treated banks and brown firms. The insignificance

in column (9) indicates that any prior significant effect is driven by unobservable bank-

firm characteristics. That the coefficient turns less negative upon inclusion of bank-firm

fixed-effects suggests a downward bias: It could be that treated banks have relatively

stronger lending relationships with non-GHG-intensive industry firms, inducing higher

loan volumes.17

The coefficient on PostCSTt × Treatb × Brownj is consistently negative, turning

insignificant only in column (6) upon inclusion of bank-quarter fixed-effects.18 This

17 This is intuitive considering that non-brown firms in the sample include financial corporations.
18 The coefficient turns significant again in column (8) where firm fixed-effects have been replaced

with firm-quarter fixed effects. However, this comes from the reduction in noise as can be seen in
the reduced standard errors, as opposed to the removal of a firm-driven bias in the coefficient.
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indicates that the results are driven by time-varying bank unobservable characteris-

tics. Specifically, the downward bias across alternative specifications indicates that the

treated banks from which brown firms obtain credit after the climate stress test on aver-

age extend reduced loan amounts in the quarters following the exercise across borrowers,

independent of the climate stress test and firm brownness.19 Interestingly, the bias seems

to not be present when considering the credit brown firms obtain from treated banks

upon announcement of the exercise. This suggests that the time-varying bank unobserv-

able characteristic which drives loan reductions across borrowers in treated banks must

have an enhanced effect in the post-exercise period.

At the first instance, the downward bias suggests that these banks extend smaller loan

amounts to borrowers generally, and particularly so after July 2022. This is in line with

the observation from table 1 that treated banks service significantly smaller firms, which

likely require smaller loan amounts. What could make this bias particularly strong in

the period after the exercise? For instance, it could be that the time of high inflation

affecting small firms more adversely at the time could have induced treated banks to

extend less credit to such firms after the exercise (see section 4.2.2). Note that there is

also a negative correlation between being a large firm and the firm-level brown indicator

in the data. This speaks to the possibility that newly vulnerable small firms are also

more likely to be brown firms, which have arguably been more strongly affected by high

energy cost inflation.

19 The interpretation of the bias stems from the following (simplifed) omitted variable bias equation:

βFE1 = βFE2 + β
log(LA)j,b,t

¯log(LA)b,t
×

Cov(PostCSTt × Treatb ×Brownj , ¯log(LA)b,t)

V ar(PostCSTt × Treatb ×Brownj)

whereby βFE1 represents the coefficient on PostCSTt ×Treatb ×Brownj for column (5) and βFE2

represents the respective coefficient for column (6). As βFE1 < βFE2, the bias term is negative.
Note that the bank-quarter fixed-effect effectively demeans the outcome variable in the bank-quarter

dimension, i.e. the “omitted variable” included in the FE is ¯log(LA)b,t. β
log(LA)j,b,t

¯log(LA)b,t
(i.e., the effect

that the average loan amount banks extend at different points in time across borrowers has on any
given loan amount to a borrower) is likely positive. There must therefore be a negative correlation
between being a brown firm receiving credit from a treated bank after the climate stress test and the
average loan size that these banks extend across borrowers in the quarters following the exercise.
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The key conclusion to draw here is that selection effects as primary identification

concern materially affect the differential impact of the climate stress test. It is hard to

argue that the climate stress test has a clear causal effect in reducing brown lending

considering that the coefficient turns progressively less negative. It is unlikely that the

coefficient keeps its distance from the zero mark once the time-varying bank unobserv-

ables are more clearly accounted for in the robustness check in section 6.20

This conclusion is even clearer when considering figure 2, which shows the time-varying

coefficients on the interaction of Treatb×Brownj with quarter dummies, relative to 2021

Q2. Figure 2 entails the most saturated specification taken from column (9) of table

2. It is evident that there is no significant effect upon announcement of the exercise in

2021 Q4, and only partial significance after the exercise has been completed after 2022

Q2. The lack of pre-trends visible in figure 2 suggests that whatever differential impact

treated and control banks have experienced in the sample period appeared, or at least

became stronger, after the initiation of the exercise.

5.3 Supply vs. demand results

Intensive margin

Table 3 presents intensive margin credit supply results. Columns (4)-(6) consider naive

OLS regressions while columns (1)-(3) include firm fixed-effects to identify changes in

credit supply, respectively. OLS regressions indicate that treated banks, and among those

large firms in GHG-intensive sectors in particular, experienced significant increases in

credit. Of course, these results are biased by the presence of differential firm credit

demand, which is accounted for in the fixed-effects regressions. Accordingly, columns

(1)-(3) show that within the same firm, upon participation in the exercise, treated banks

extend significantly more credit, however, significantly less so to small brown firms. The

20 In fact, if we include a triple-dimension control variable interacting time-varying firm size with
the treatment indicator, the coefficient remains insignificant until column (7), after which any
significance comes from noise reduction. This suggests that much of the bias is already accounted
for using observable characteristics.
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relative reduction upon participation is almost fully negated by being a large brown

borrower. In effect, large brown borrowers do not experience a significant reduction in

credit supply from treated banks compared to non-brown firms.

Comparing OLS to FE columns allows for useful insights: Not including firm fixed-

effects introduces a positive bias in the Treatb × Brownj coefficient. This indicates

that small brown firms receiving credit from treated banks on average exhibited large

increases in credit at the time (driven by demand factors). Interestingly, the bias is

slightly negative for the Treatb coefficient, meaning that overall firms receiving credit

from treated banks on average exhibited decreases in credit demand at the same time.

The source of demand-driven bias must therefore differentially affect brown firms. In

particular small ones, as large brown firms do not exhibit differential changes in credit

demand that introduce any bias in the OLS regression.

Extensive margin

Table 4 presents extensive margin credit supply results. Columns (1)-(3) consider

whether an existing loan and as such an existing bank-firm relationship has been ter-

minated in the post-period, differentiating between firm fixed-effects in columns (1) and

(2) and naive OLS specifications in column (3). Columns (4)-(6) consider whether a new

loan and as such a new bank-firm relationship has been formed in the post-period, again

differentiating between firm fixed-effects and naive OLS specifications. Starting with the

latter columns, i.e. loan entry in the post-period, we obtain close to zero coefficients on

the relevant indicators. Generally, treated banks are significantly less likely to extend

a new loan when considering the same firm. However, there is no differential effect for

brown firms, regardless of their size.

When considering loan exits, columns (1) and (2) indicate that treated banks are

significantly less likely to exit an existing loan within the same firm. This effect is even

stronger if the existing loan is with a large brown borrower. When comparing OLS to

FE results, there is again a biasing effect of credit demand on the extensive margin.

Interestingly, the direction now hinges upon the size of the firm: Small brown firms re-
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ceiving credit from treated banks exhibit on average less (demand-driven) exits of such

banks. Conversely, large brown firms exhibit more. This is intuitive considering that

large brown borrowers are likely to have more outside options to obtain credit.

Why are treated banks significantly less likely to exit an existing loan after partici-

pating in the exercise if the borrower is large and brown? There may be a bank-firm

relationship component that depends on firm size that the baseline result did not control

for: While treated banks may generally be less inclined to maintain lending relationships

with firms after the climate stress test, this tendency may be more pronounced for the

presumably less profitable, smaller clients. This preference could be bolstered by the

latter being more adversely affected by macroeconomic developments at the time (e.g.,

high inflation). The story becomes more intuitive when again considering that treated

banks lend to significantly smaller firms ex-ante (see table 1). This exposure perhaps

makes them more susceptible to not wanting to lose more large clients, independent of

their brownness.

5.4 Firm-level results

Table 5 presents firm-level effects that the participation in the exercise had on aggregate

firm borrowing. The most saturated column (3) shows that higher exposure to treated

banks led to significant increases in aggregate borrowing for large brown relative to small

brown firms. Surprisingly, small brown firms with higher exposure to treated banks did

not experience reduced aggregate borrowing, relative to non-brown firms.

Table 6 presents effects on additional real outcome variables, namely firms’ default

probability, profit margin, total assets, and scope 1 emission intensities. There is no

meaningful impact of the exercise on firms’ default probability, while small brown firms

with greater exposure to treated banks exhibit significant reductions in profit margins.

This reduction is significantly stronger for large brown firms. The latter also exhibit

significant increases in their asset size relative to small brown firms across both tables.

Perhaps most surprisingly, more heavily exposed small brown firms exhibit significant
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increases in scope 1 emission intensities, partially negating the respective significant

decrease for non-brown firms. Large brown firms with greater exposure to the treatment

exhibit an even stronger decrease in scope 1 emission intensities when compared to

respective small brown firms, as well as to respective large firms in general.

How should we interpret these findings? In line with the previous section, table 5

indicates that large brown firms are in a relatively better position to substitute their

credit. Results from table 6 are harder to reconcile with previous findings: It is sur-

prising that “treated” small brown firms do not experience any adverse effect on their

default probability after experiencing cuts in credit supply. On the other hand, table

5 also shows that small brown firms have not reduced aggregate borrowing, suggesting

that they could substitute their foregone credit. However, if this story holds, it is less

clear why both small and large brown firms see significant reductions in their profit mar-

gins. Scope 1 emission intensity outcomes are also puzzling, as large brown borrowers

experience presumably less strong external pressure to adjust their “brownness” if they

continue to obtain (or partly even increase) their credit. One could argue that small

brown borrowers significantly increase their scope 1 emission intensities because the cut

in credit from treated banks hinders them to actively transform the footprint of their

business models (Fuchs et al., 2023). However, this story goes against their ability to

substitute their credit in aggregate.

We can therefore not fully reconcile firm-level results with previously established find-

ings. However, note that a clear identification of firm-level effects is not possible as

there are multiple biases (on a bank- and firm-level) that cannot be controlled for. This

is because the regression is done on the firm-level. While supply- and demand-driven

biases could be more easily disentangled and interpreted in the preceding results, the

present regressions can merely control for observable characteristics. We hence refrain

from putting much weight on the observed effects.

ECB Working Paper Series No 3088 27



6 Robustness

The empirical analysis has already indicated that the observed effects are likely coming

from significant differences between treatment and control banks: Including time-varying

bank fixed-effects eliminates the significant reduction in lending to brown firms upon

participating in the climate stress test (see table 2). Regressions disentangling supply

from demand are partly robust. However, they do not allow for the inclusion of bank

fixed-effects, leaving them vulnerable to the same identification concern.

The following robustness test aims to alleviate this concern by rendering the treat-

ment and control banks more comparable. The sample construction, empirical strategy,

and respective results are outlined below.

6.1 Sample construction and empirical strategy

While table 1 has shown that treatment and control banks differ significantly across

multiple variables, the most obvious difference is their size. There are multiple criteria

for determining whether banks are considered significant, however, their size is the most

readily available proxy in our setting.21 Accordingly, our strategy to restrict the sample

at hand to comparable treatment and control banks uses size-based country cut-offs:

For each eurozone country, we restrict our sample to only the three smallest treated and

three largest control banks based on their total asset size as at 2021 Q2 (i.e., right before

the climate stress test was initiated).

The empirical strategy is to repeat the main analysis with the updated robustness

sample. Accordingly, we rerun specifications (1)-(6). The sample now consists of ca.

160,000 loans, extended to 4,619 distinct firms and originated by 66 banks. The banks

consist of 34 participating significant treatment institutions and 32 less significant con-

21 According to the SSM Regulation and SSM Framework Regulation, significant banks must fulfil
at least one of the following criteria: (i) the total value of its assets exceeds €30 billion; (ii) the
bank is economically significant for the specific country or the EU econoour as a whole; (iii) the
total value of its assets exceeds €5 billion and the ratio of its cross-border assets/liabilities in more
than one other participating Member State to its total assets/liabilities is above 20%; (iv) it has
requested or received funding from the European Stability Mechanism or the European Financial
Stability Facility; (v) A supervised bank can also be considered significant if it is one of the three
most significant banks established in a particular country.
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trol institutions.

An ideal robustness check would test whether the observed effects, particularly for the

supply vs. demand analysis, still hold when significant differences between treatment

and control banks are removed. Table 7 shows that even when restricting our sample

ex-ante, the setting does not allow for such an ideal robustness test: There are still

significant differences between the treatment and control banks across several variables,

albeit with reduced magnitudes. In particular, treatment banks are still significantly

larger than control banks and lend to significantly smaller firms. Moreover, treatment

banks now have significantly larger CET1 ratios.22

The lack of size homogeneity between treatment and control banks in the robust-

ness sample indicates that the identification concerns will not be perfectly resolved. In

particular, if the groups are still significantly different across known dimensions, they

are also likely to be very different in their unobservable characteristics. Nonetheless, it

will be quite indicative if the main results already prove sensitive to the current sample

adjustment: If the established results no longer hold with only attenuated differences

between treatment and control banks, there is likely no causal effect of participating in

the climate stress test.

6.2 Results

Table 8 shows regression results equivalent to table 2 for the robustness sample, rerunning

regression (1). As expected, the sign of the coefficient on PostCSTt ×Treatb ×Brownj

now is ambiguous across different specifications, only becoming negatively significant in

the most saturated specification in column (9). In fact, the column (6) coefficient even

becomes significantly positive upon the inclusion of bank-quarter fixed-effects, again

pointing toward a downward bias driven by on average smaller loan amounts extended

by treated banks. Table 8 confirms that previously established results are to a large part

22 Note that we already control for this in the triple-dimension control variables.
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driven by bank-level differences in the treatment and control groups.23

Figure 3 repeats the time-varying regression for the restricted sample. The time-

varying coefficients are relatively less noisy and more robustly negative compared to fig-

ure 2. However, note again that the figure is based on column (9) as the most saturated

specification, which remains significantly negative in the robustness test. Considering

its lack of significance and partly positive sign in table 8, it is hard to argue that the

significant reduction in brown lending is robust to different specifications.

Tables 9 and 10 repeat the intensive and extensive margin supply vs. demand regressions

for the participation period. Generally, when restricting the sample to more comparable

treatment and control banks, significant credit supply adjustments using firm fixed-

effects regressions no longer obtain. Table 9 is an exception and contains a surprising

result: Large brown borrowers obtain significantly less credit from treated banks upon

participation in the exercise. No equivalent effect is visible for their small and their non-

brown counterparts. This result opposes table 3, where it was small brown borrowers

which obtained differentially less credit from treated banks, and this credit reduction

was compensated by being a large brown borrower.

What is driving this result? One notable difference when comparing tables 2 and

8 is that the introduction of firm-quarter fixed effects points to a positive bias coming

from time-varying firm unobservable characteristics: The change in the coefficient from

column (5) to (7) (and (8)) is quite sizeable and negative. This was not present in table

2. This means that brown firms receiving credit from treated banks after the climate

stress test on average exhibit increased loan amounts ex-post across banks, regardless

of their treatment status. Table 9 indicates that this bias is present mostly for large

brown firms. This is intuitive as large firms are likely to obtain larger loan amounts.

This finding at least partly explains why, once firm-level demand is controlled for, we

observe a significant reduction in credit supply granted to large brown firms. In any

23 Note that we also reran the regressions for all specifications on a country-level, i.e. only including
the six treatment and control banks for each country in separate regressions. The results become
more mixed and less straightforward to interpret across every country.
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case, this remains the only significant supply-driven credit adjustment across the inten-

sive and extensive margin robustness results. The fact that much of it is likely coming

from removing a firm-level bias speaks to the lack of exogenously driven credit supply

adjustment upon participating in the climate stress test.

Table 12 reruns firm-level total borrowing and real outcome regression analyses for the

participation period. The most notable difference to the baseline analysis is that small

brown borrowers now obtain differentially less credit in the aggregate, both upon an-

nouncement of and participation in the exercise: Table 11 exhibits a significantly negative

coefficient of the ¯Treatf×Brownf interaction term. The credit supply reduction is more

than overcompensated by being a large brown borrower, in line with the time-varying

firm bias present in table 8. Table 12 is not very different from its baseline counterpart,

except for the lack of significant effect on profit margins and emission outcomes.

Note that table 9 has actually shown that small brown borrowers do not obtain dif-

ferentially less credit from treated banks. They therefore do not have to substitute any

foregone credit, however, still obtain less in the aggregate (i.e., from both treated and

control banks). While this is only suggestive, it could again point to ex-ante vulnera-

bilities to inflation risks materializing after the stress test. However, now the difference

in the degree to which treated and control banks are exposed to such vulnerable small

firms is smaller (see table 7), causing both groups to restrict credit supply.

Overall, the robustness test has shown that the established baseline results are highly

dependent on sample characteristics, particularly the ex-ante differences between treat-

ment and control banks. This finding is not surprising, as the baseline analysis has

already shown some sensitivity to endogeneous characteristics of the setting, reflected

via bank- and firm-level biases. Of course, one could still argue that the actual “shock”

component of the exercise reflected in coefficients of the most saturated specification

remains significantly negative. However, it is crucial to understand where any reaction

from affected banks and firms originates. A disappearance or reversal of effects once
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bank- and firm-level endogeneity is controlled for points to (1) the need to potentially

reconsider the test design and sample selection for future exercises, and (2) the question

whether more stringent regulatory evaluations are needed to obtain meaningful adjust-

ments in banks’ credit business. We turn to the latter in the next section.

7 Bank-level scoring effects

In the final part of the analysis, we analyze whether banks’ ex-post credit supply to

brown firms depends on the score they obtain after the exercise. The ECB allocates a

performance score to treated banks upon participation in the exercise, ranging from 1

to 4 (with 1 being the best). The scoring mechanism is of a relative nature: The score

indicates the level of preparedness of individual banks in comparison with their peers.

The distribution of the score can be taken from figure A5.

The empirical strategy is to repeat the baseline regression, whereby we restrict our

sample to participating significant banks only, and the treatment indicator BadScoreb

is defined as receiving a “bad” score, namely an above median score. BadScoreb is then

equal to 1 for banks receiving a score above 2, 0 otherwise. Beyond the baseline result,

we further analyze the credit response of banks differentiating by their individual scores:

In addition to rerunning the baseline triple-difference regression using the BadScoreb

indicator as treatment, we interact the PostAnnt × Brownj and PostCSTt × Brownj

with score dummies for each score, where Scoreb = 1 is the reference group. This is to

better understand differential banks’ responses based on their scoring category.

Table 13 shows the balanced table for the restricted sample, differentiating between

banks receiving an above (bad-score banks) vs. below (good-score banks) median score

as treatment and control group. As expected, the banks in the sample are now more

comparable, only differing in that bad-score banks are significantly less profitable and

have less liquid assets pre-treatment. As before, these differences are accounted for via

their interaction with the Brownj dummy and inclusion as triple-dimension controls.
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Table 14 reports results for the repeated baseline analysis, showing no differential

response of bad scoring banks upon announcement of and participation in the exercise.

Differentiating effects by individual scores as reported in table 15 allows for more useful

insights: The results are much more robust to the inclusion of fixed-effects, whereby

the coefficients on the scoring dummies interacted with PostCSTt × Brownj remain

significant throughout. This is particularly the case for the reference group, i.e. the

best-performing banks. Table 15 therefore points to a selection effect: Best-performing

banks are the ones to significantly reduce their credit supply to brown firms upon partic-

ipating in the exercise. The other scoring groups exhibit a relatively significant increase

in brown lending, fully negating the significant reduction of the best-performing banks

as a reference group.

This is an important finding, suggesting that banks who are more advanced in mea-

suring and managing climate-related risks more proactively take such risks into account

in their lending decisions. Other banks who display deficiencies in their climate risk mea-

surement and stress testing capabilities, and therefore arguably at managing this risk,

do not seem to discriminate between brown respectively green borrowers in response to

the stress test exercise.

8 Conclusion

Did the ECB’s 2022 climate risk stress test affect bank credit supply to brown firms?

This paper has shown that the significant reduction in credit supply stems from the

tendency of treated significant institutions to extend less credit ex-post and to smaller

firms ex-ante, relative to less significant control institutions. We conjecture that the

climate stress test, by raising awareness and giving a sense of urgency to the industry,

is likely to have acted as a catalyst for selected banks to better integrate climate risk

considerations into their lending decisions. This seems to have been especially the case

for the banks who are more advanced in their climate risk measurement capabilities (i.e.,
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those banks who received higher performance scores in the exercise). In other words,

those banks who were found to be better at measuring climate risks, appear to be more

discriminative in their lending decisions after the exercise.

The results should be taken with due caution. Despite an extensive number of ro-

bustness checks and econometric controls, we cannot rule out that other factors have

played a role in the lending dynamics we observe before and after the exercise. Indeed,

the reduction in lending to brown firms has likely been bolstered by the broader adverse

macroeconomic environment such firms had to face after the climate stress test. More-

over, the results are admittedly less robust when restricting the sample to more similar

treatment and control banks.

There are two key policy implications that can be drawn from the findings of this paper.

First, only by enhancing their capacity to properly measure and stress test climate risks

banks will be able to properly manage the risks.24 Climate stress tests and other su-

pervisory activities aiming at fostering banks’ climate risk management approaches are

therefore instrumental in supporting the green transition. Importantly, properly under-

standing the risks related to climate risks also puts banks in a better position to support

the financing of the green transition. Second, as the weaker performing banks in the

climate stress test did not appear to significantly integrate climate risk considerations

into their lending decisions in response to the exercise, continued emphasis for banks

to align with supervisory expectations may be warranted. Both on the regulatory and

supervisory side a range of measures are being implemented in order to induce the bank-

ing industry to more proactively measure and manage climate-related and environmental

risks.

This paper demonstrated that the ECB 2022 climate risk exercise acted as a catalyst

for selected banks to start better integrating climate risks into their risk management

systems and business decisions. The stress test was a learning exercise with no capital

24 This argument is emphasised in the 2024 ECB Supervision Blog by F. Elderson: You have to know
your risks to manage them – banks’ materiality assessments as a crucial precondition for managing
climate and environmental risks.
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implications. Therefore, the mixed results in terms of its impact on banks’ lending

decisions are not surprising. In the future, this underlines the importance of a strong

and enforceable supervisory framework, including clearly defined expectations about

climate stress testing and risk management more broadly, to ensure that banks more

effectively integrate climate risks into their credit policies.
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Tables

Table 1: Comparison between treated and control banks (pre-treatment)

Variable Treated Control Treated - Control
Mean SD Mean SD Norm. diff.

Total assets (ln) 26.72 1.2 23.29 0.52 3.71∗

Loans (defaulted) (ln) 22.62 1.27 18.72 1.11 3.26∗

Net income (EUR mn) 577.0 2.1e+9 28.6 6.97e+7 0.37∗

Liquid assets (ln) 25.07 1.16 21.42 0.74 3.75∗

CET1 ratio 0.146 0.02 0.149 0.02 -0.15
Firm: S1 emission int. (ln) 2.08 2.47 2.04 2.38 0.02
Firm: S3 emissions int. (ln) 6.16 1.12 6.18 1.12 -0.02
Firm: Brown (sector dummy) 0.51 0.50 0.45 0.50 0.11
Firm: Total assets (ln) 19.11 1.93 19.75 1.96 -0.33∗

Firm: Net income (EUR mn) 26.0 6.2e+8 75.4 5.13e+8 -0.09
Firm: ROA 1.73 6.66 2.08 6.61 -0.05
Firm: Liquidity ratio 1.13 1.57 1.24 1.08 -0.08

Notes: The table shows summary statistics of selected covariates separately for banks in the treatment group and
the control group before 2021 Q3. For each bank group, the mean and standard deviation (SD) for each covariate is
shown. The last column shows normalized differences as in Imbens and Wooldridge (2009), i.e. difference in means
is normalized with the sum of variances. A star (*) indicates that the normalized difference is outside of the range
±0.25 (which serves as a rule of thumb).
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Table 3: Credit demand vs. supply — Intensive margin (Participation)

∆ Log loan amount

FE OLS

Dependent variable (1) (2) (3) (4) (5) (6)

(Intercept) −0.44∗∗∗ −0.19∗∗∗ −0.19∗∗∗

(0.03) (0.04) (0.04)
Treatb 0.39∗∗∗ 0.31∗∗∗ 0.29∗∗∗ 0.42∗∗∗ 0.25∗∗∗ 0.23∗∗∗

(0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
Treatb × Brownj −0.16∗∗∗ −0.15∗∗∗ −0.01 −0.01

(0.04) (0.04) (0.02) (0.02)
Treatb × Brownj × Largej 0.15∗∗∗ 0.14∗∗∗ 0.15∗∗∗ 0.15∗∗∗

(0.05) (0.05) (0.04) (0.03)

Fixed effects Firm Firm Firm - - -
Firm controls - - - No No Yes
Bank controls No No Yes No No Yes
Number of observations 839168 489327 482052 839168 489327 482052
R-squared 0.37 0.38 0.38 0.01 0.01 0.01
Clustering Bank Bank Bank Bank Bank Bank

Notes: This table reports the bank lending intensive margin regression results following Khwaja and Mian (2008)
for the participation period. Columns (1)-(3) report firm fixed-effects results of equation 3 and are therefore run
on the sample of firms that borrow from multiple banks. Columns (4)-(6) report OLS results of equation 2. The
outcome variable of each column is the change in the log of the loan amounts outstanding between bank b and firm
j in the period before and after the implementation of the climate stress test. This means that all observations from
January 2020 to December 2021 for a given loan are time-averaged into one, and all observations from August 2022
to September 2023 are time-averaged into one. The outcome variable is the difference between the two. Treatb is
equal to 1 if the loan is from a bank that has been subject to the climate stress test, 0 otherwise. Brownj is equal
to 1 if borrowing firms belong to the list of GHG-intensive industries as pre-defined in the exercise, 0 otherwise.
Largej is equal to 1 for firms with above-median values for log total assets as at 31 December 2021, 0 otherwise.
Firm controls include firm-level total assets, net income, return on assets and liquidity ratios at a yearly frequency.
Bank controls include bank-level total assets, defaulted loans, net income, liquid assets, and CET1 ratios at a
quarterly frequency. Clustered standard errors at the bank-level are in parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05;
∗p < 0.1.
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Table 4: Credit demand vs. supply — Extensive margin (Participation)

Exit? Entry?

Dependent variable FE FE OLS FE FE OLS
(1) (2) (3) (4) (5) (6)

(Intercept) 0.45∗∗∗ 0.02∗∗∗

(0.03) (0.00)
Treatb −0.02∗∗∗ −0.02∗∗∗ −0.03 −0.01∗∗∗ −0.01∗∗∗ 0.00

(0.01) (0.01) (0.03) (0.00) (0.00) (0.00)
Treatb × Brownj 0.01 −0.11∗∗∗ −0.00 −0.00∗∗∗

(0.01) (0.01) (0.00) (0.00)
Treatb × Brownj × Largej −0.02∗∗ 0.08∗∗∗ −0.00 0.00

(0.01) (0.01) (0.01) (0.00)

Fixed effects Firm Firm - Firm Firm -
Firm controls - - Yes - - Yes
Bank controls Yes Yes Yes Yes Yes Yes
Number of observations 1122267 727675 727675 1122267 727675 727675
R-squared 0.76 0.83 0.03 0.31 0.33 0.01
Clustering Bank Bank Bank Bank Bank Bank

Notes: This table reports the bank lending extensive margin regression results following Khwaja and Mian (2008)
for the participation period. The regressions examine how the participation in the climate stress test affects exit
and entry of firms (from borrowing). Columns (1)-(3) look at exit by including all loans that were outstanding at
the time of the climate stress test implementation in January 2022. For a given loan, “exit” is classified as 1 if
the loan is not renewed at some point during the post-period, i.e. after July 2022. Columns (1) and (2) use firm
fixed-effects following equation 5 and therefore limit the sample to only firms that were borrowing from multiple
banks before the climate stress test implementation. Column (3) runs naive OLS regressions following equation
4. Columns (4)-(6) look at entry and include all loans given out after the climate stress test implementation. For
a given loan, “entry” is classified as 1 if the loan was made for the first time in the post-period, i.e. after July
2022. Columns (4) and (5) use firm fixed-effects following equation 5 and therefore limit the sample to only firms
that were borrowing from multiple banks after the climate stress test implementation. Column (6) runs naive OLS
regressions following equation 4. Treatb is equal to 1 if the loan is from a bank that has been subject to the climate
stress test, 0 otherwise. Brownj is equal to 1 if borrowing firms belong to the list of GHG-intensive industries
as pre-defined in the exercise, 0 otherwise. Largej is equal to 1 for firms with above-median values for log total
assets as at 31 December 2021, 0 otherwise. Firm controls include firm-level total assets, net income, return on
assets and liquidity ratios at a yearly frequency. Bank controls include bank-level total assets, defaulted loans, net
income, liquid assets, and CET1 ratios at a quarterly frequency. Clustered standard errors at the bank-level are in
parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.

ECB Working Paper Series No 3088 42



Table 5: Firm-level aggregate lending outcomes (Participation)

Dependent variable ∆Log aggregate loan size

OLS (1) OLS (2) OLS (3)

(Intercept) −0.57∗∗∗ −0.29∗∗∗ −0.08
(0.04) (0.04) (0.07)

¯Treatj 0.58∗∗∗ 0.36∗∗∗ 0.26∗∗∗

(0.05) (0.05) (0.09)
¯Treatj ×Brownj 0.09∗∗∗ −0.04

(0.02) (0.02)
¯Treatj × Largej 0.05

(0.10)
¯Treatj ×Brownj × Largej 0.20∗∗∗

(0.03)

Bank controls No Yes Yes
Firm controls No Yes Yes

Number of observations 933700 469320 469320
R-squared 0.01 0.01 0.01

Notes: Following Khwaja and Mian (2008), these regressions examine the effect of
the climate stress test participation on the total borrowing across all banks of firms
following equation 6. The logs of all loans at a point in time from any of the banks
for a given firm are summed to compute the aggregate firm-level loan size. Each
column uses the change in the log of the aggregate firm-level loan size in the period
before and after the implementation of the climate stress test as outcome variable.
This means that all aggregate firm-level loan size observations from January 2020
to December 2021 are time-averaged into one, and all aggregate firm-level loan
size observations from August 2022 to September 2023 are time-averaged into one.
The outcome variable is the difference between the two. ¯Treatj is a firm-level
formulation of the treatment indicator, which captures how many of a firm’s loans
are on average extended by treated banks ex-ante (i.e., we take the average of the
bank-level treatment indicator per firm before the implementation of the climate
stress test in January 2022). We use the same logic in constructing firms’ exposure
to observable bank controls, which consider bank total assets, defaulted loans, net
income, liquid assets, and CET1 ratios at a quarterly frequency. Firm controls
include firm-level total assets, net income, return on assets and liquidity ratios at
a yearly frequency. Clustered standard errors at the bank-level are in parentheses:
∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
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Table 6: Firm-level real outcomes (Participation)

∆Default probability ∆Profit margin ∆Log(Total assets) ∆Log(S1 emission int.)

Dependent variable OLS OLS OLS OLS
(1) (2) (3) (4)

(Intercept) -0.00 1.34∗∗∗ 0.11∗∗∗ 0.44∗∗

(0.01) (0.47) (0.01) (0.19)
¯Treatj 0.02∗∗ 0.41 0.00 -0.76∗∗∗

(0.01) (0.68) (0.02) (0.21)
¯Treatj ×Brownj 0.00 -0.79∗∗∗ 0.00 0.24∗∗∗

(0.01) (0.21) (0.01) (0.06)
¯Treatj × Largej 0.01 -0.01 -0.02∗ 0.37∗

(0.01) (0.83) (0.01) (0.21)
¯Treatj ×Brownj × Largej 0.00 -0.47∗ 0.04∗∗∗ -0.29∗∗∗

(0.01) (0.28) (0.01) (0.06)

Bank controls Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes

Number of observations 43607 380633 380633 92758
R-squared 0.01 0.03 0.04 0.02

Notes: Following Khwaja and Mian (2008), these regressions examine the effect of the climate stress test partici-
pation on firm outcomes following equation 6, specifically on their default probability, profit margin, log of total
assets, and log of scope 1 emission intensities. Each column uses the change in the respective outcome variables
in the period before and after the implementation of the climate stress test. This means that for each outcome
variable, all aggregate firm-level observations from January 2020 to December 2021 are time-averaged into one,
and all aggregate firm-level observations from August 2022 to September 2023 are time-averaged into one. The
final outcome variables are the difference between the two. ¯Treatj is a firm-level formulation of the treatment
indicator, which captures how many of a firm’s loans are on average extended by treated banks ex-ante (i.e., I
take the average of the bank-level treatment indicator per firm before the implementation of the climate stress
test in January 2022). I use the same logic in constructing firms’ exposure to observable bank controls, which
consider bank total assets, defaulted loans, net income, liquid assets, and CET1 ratios at a quarterly frequency.
Firm controls include firm-level total assets, net income, return on assets and liquidity ratios at a yearly frequency.
Clustered standard errors at the bank-level are in parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
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Table 7: Comparison between treated and control banks (pre-treatment) - Robustness

Variable Treated Control Treated - Control
Mean SD Mean SD Norm. diff.

Total assets (ln) 25.31 0.94 23.80 0.53 1.98∗

Loans (defaulted) (ln) 21.02 0.96 19.46 1.46 1.26∗

Net income (EUR mn) 353.7 5.76e+8 30.5 1.08e+8 0.77∗

Liquid assets (ln) 23.80 0.91 22.29 0.64 1.91∗

CET1 ratio 0.166 0.022 0.145 0.034 0.74∗

Firm: S1 emissions (ln) 1.86 2.48 1.42 2.52 0.18
Firm: S3 emissions (ln) 6.11 1.15 6.20 1.00 -0.08
Firm: Brown (sector dummy) 0.510 0.50 0.512 0.50 -0.01
Firm: Total assets (ln) 18.74 2.37 19.33 1.79 -0.28∗

Firm: Net income (EUR mn) 49.9 5.43e+8 53.1 5.81e+8 -0.01
Firm: ROA 2.18 6.95 2.19 7.03 -0.00
Firm: Liquidity ratio 1.12 1.02 1.13 1.05 -0.00

Notes: The table shows summary statistics of selected covariates separately for the robustness sample of the smallest
three treated and the largest three control banks per country as at 30 June 2021, before 2021 Q3. For each bank
group, the mean and standard deviation (SD) for each covariate is shown. The last column shows normalized
differences as in Imbens and Wooldridge (2009), i.e. difference in means is normalized with the sum of variances. A
star (*) indicates that the normalized difference is outside of the range ±0.25 (which serves as a rule of thumb).
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Table 9: Credit demand vs. supply — Intensive margin (Participation) - Robustness

∆ Log loan amount

FE OLS

Dependent variable (1) (2) (3) (4) (5) (6)

(Intercept) −0.31∗∗∗ −0.16∗∗ −0.21∗∗∗

(0.08) (0.06) (0.07)
Treatb 0.24∗∗∗ 0.11 0.14 0.31∗∗∗ 0.07 0.16∗∗

(0.08) (0.14) (0.13) (0.11) (0.09) (0.08)
Treatb × Brownj 0.17 0.20 −0.00 0.02

(0.14) (0.14) (0.06) (0.05)
Treatb × Brownj × Largej −0.25∗∗∗ −0.29∗∗∗ 0.14 0.11

(0.10) (0.08) (0.09) (0.08)

Fixed effects Firm Firm Firm - - -
Firm controls - - - No No Yes
Bank controls No No Yes No No Yes
Number of observations 120148 63005 61670 120148 63005 61670
R-squared 0.66 0.73 0.74 0.01 0.00 0.02
Clustering Bank Bank Bank Bank Bank Bank

Notes: This table reports the bank lending intensive margin regression results following Khwaja and Mian (2008)
for the participation period, using the robustness sample of the three smallest treated and three largest control
banks per country as at 30 June 2021. Columns (1)-(3) report firm fixed-effects results of equation 3 and are
therefore run on the sample of firms that borrow from multiple banks. Columns (4)-(6) report OLS results of
equation 2. The outcome variable of each column is the change in the log of the loan amounts outstanding
between bank b and firm j in the period before and after the implementation of the climate stress test. This
means that all observations from January 2020 to December 2021 for a given loan are time-averaged into one, and
all observations from August 2022 to September 2023 are time-averaged into one. The outcome variable is the
difference between the two. Treatb is equal to 1 if the loan is from a bank that has been subject to the climate
stress test, 0 otherwise. Brownj is equal to 1 if borrowing firms belong to the list of GHG-intensive industries
as pre-defined in the exercise, 0 otherwise. Largej is equal to 1 for firms with above-median values for log total
assets as at 31 December 2021, 0 otherwise. Firm controls include firm-level total assets, net income, return on
assets and liquidity ratios at a yearly frequency. Bank controls include bank-level total assets, defaulted loans,
net income, liquid assets, and CET1 ratios at a quarterly frequency. Clustered standard errors at the bank-level
are in parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
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Table 10: Credit demand vs. supply — Extensive margin (Participation) - Robustness

Exit? Entry?

Dependent variable FE FE OLS FE FE OLS
(1) (2) (3) (4) (5) (6)

(Intercept) 0.32∗∗∗ 0.03∗∗∗

(0.06) (0.01)
Treatb −0.03∗∗∗ 0.00 0.07 −0.01 −0.02 0.00

(0.01) (0.02) (0.07) (0.01) (0.01) (0.01)
Treatb × Brownj 0.01 −0.04 −0.01 −0.01∗∗

(0.02) (0.03) (0.01) (0.01)
Treatb × Brownj × Largej −0.03 −0.01 0.02 0.01

(0.02) (0.04) (0.01) (0.01)

Fixed effects Firm Firm - Firm Firm -
Firm controls - - Yes - - Yes
Bank controls Yes Yes Yes Yes Yes Yes
Number of observations 152044 90231 90231 152044 90231 90231
R-squared 0.85 0.91 0.02 0.59 0.71 0.01
Clustering Bank Bank Bank Bank Bank Bank

Notes: This table reports the bank lending extensive margin regression results following Khwaja and Mian (2008)
for the participation period, using the robustness sample of the three smallest treated and three largest control
banks per country as at 30 June 2021. The regressions examine how the participation in the climate stress test
affects exit and entry of firms (from borrowing). Columns (1)-(3) look at exit by including all loans that were
outstanding at the time of the climate stress test implementation in January 2022. For a given loan, “exit” is
classified as 1 if the loan is not renewed at some point during the post-period, i.e. after July 2022. Columns (1) and
(2) use firm fixed-effects following equation 5 and therefore limit the sample to only firms that were borrowing from
multiple banks before the climate stress test implementation. Column (3) runs naive OLS regressions following
equation 4. Columns (4)-(6) look at entry and include all loans given out after the climate stress test implemen-
tation. For a given loan, “entry” is classified as 1 if the loan was made for the first time in the post-period, i.e.
after July 2022. Columns (4) and (5) use firm fixed-effects following equation 5 and therefore limit the sample
to only firms that were borrowing from multiple banks after the climate stress test implementation. Column (6)
runs naive OLS regressions following equation 4. Treatb is equal to 1 if the loan is from a bank that has been
subject to the climate stress test, 0 otherwise. Brownj is equal to 1 if borrowing firms belong to the list of GHG-
intensive industries as pre-defined in the exercise, 0 otherwise. Largej is equal to 1 for firms with above-median
values for log total assets as at 31 December 2021, 0 otherwise. Firm controls include firm-level total assets, net
income, return on assets and liquidity ratios at a yearly frequency. Bank controls include bank-level total assets,
defaulted loans, net income, liquid assets, and CET1 ratios at a quarterly frequency. Clustered standard errors at
the bank-level are in parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
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Table 11: Firm-level aggregate lending outcomes (Participation) - Robustness

Dependent variable ∆Log aggregate loan size

OLS (1) OLS (2) OLS (3)

(Intercept) −0.34∗∗∗ −0.26∗∗∗ −0.22∗∗

(0.11) (0.08) (0.12)
¯Treatj 0.42∗∗∗ 0.19∗ 0.37∗∗∗

(0.16) (0.10) (0.14)
¯Treatj ×Brownj 0.11 −0.17∗∗∗

(0.08) (0.05)
¯Treatj × Largej −0.28∗∗

(0.14)
¯Treatj ×Brownj × Largej 0.56∗∗∗

(0.08)

Bank controls No Yes Yes
Firm controls No Yes Yes

Number of observations 129397 63998 63998
R-squared 0.01 0.02 0.03

Notes: Following Khwaja and Mian (2008), these regressions examine the effect of
the climate stress test participation on the total borrowing across all banks of firms
following equation 6, using the robustness sample of the three smallest treated and
three largest control banks per country as at 30 June 2021. The logs of all loans
at a point in time from any of the banks for a given firm are summed to compute
the aggregate firm-level loan size. Each column uses the change in the log of the
aggregate firm-level loan size in the period before and after the implementation of
the climate stress test as outcome variable. This means that all aggregate firm-
level loan size observations from January 2020 to December 2021 are time-averaged
into one, and all aggregate firm-level loan size observations from August 2022 to
September 2023 are time-averaged into one. The outcome variable is the difference
between the two. ¯Treatj is a firm-level formulation of the treatment indicator, which
captures how many of a firm’s loans are on average extended by treated banks ex-
ante (i.e., I take the average of the bank-level treatment indicator per firm before
the implementation of the climate stress test in January 2022). I use the same
logic in constructing firms’ exposure to observable bank controls, which consider
bank total assets, defaulted loans, net income, liquid assets, and CET1 ratios at a
quarterly frequency. Firm controls include firm-level total assets, net income, return
on assets and liquidity ratios at a yearly frequency. Clustered standard errors at
the bank-level are in parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
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Table 12: Firm-level real outcomes (Participation) - Robustness

∆Default probability ∆Profit margin ∆Log(Total assets) ∆Log(S1 emission int.)

Dependent variable OLS OLS OLS OLS
(1) (2) (3) (4)

(Intercept) 0.02∗∗∗ 0.31 0.10∗∗∗ 0.12∗

(0.01) (0.77) (0.02) (0.09)
Treatf -0.02∗∗∗ 1.80 0.05 -0.03

(0.01) (1.17) (0.04) (0.18)
Treatf ×Brown 0.01∗∗ 0.40 -0.05∗∗ 0.14

(0.00) (0.32) (0.02) (0.38)
Treatf × Large -0.05 -3.28 -0.13∗∗∗ -0.10

(0.04) (2.46) (0.03) (0.24)
Treatf ×Brown× Large -0.01 -1.68 0.03 -0.16

(0.01) (2.11) (0.03) (0.33)

Bank controls Yes Yes Yes Yes
Firm controls Yes Yes Yes Yes

Number of observations 23936 86335 86335 29525
R-squared 0.03 0.05 0.06 0.10

Notes: Following Khwaja and Mian (2008), these regressions examine the effect of the climate stress test partici-
pation on firm outcomes following equation 6, specifically on their default probability, profit margin, log of total
assets, and log of scope 1 emission intensities, using the robustness sample of the three smallest treated and three
largest control banks per country as at 30 June 2021. Each column uses the change in the respective outcome
variables in the period before and after the implementation of the climate stress test. This means that for each
outcome variable, all aggregate firm-level observations from January 2020 to December 2021 are time-averaged
into one, and all aggregate firm-level observations from August 2022 to September 2023 are time-averaged into
one. The final outcome variables are the difference between the two. ¯Treatj is a firm-level formulation of the
treatment indicator, which captures how many of a firm’s loans are on average extended by treated banks ex-ante
(i.e., I take the average of the bank-level treatment indicator per firm before the implementation of the climate
stress test in January 2022). I use the same logic in constructing firms’ exposure to observable bank controls,
which consider bank total assets, defaulted loans, net income, liquid assets, and CET1 ratios at a quarterly fre-
quency. Firm controls include firm-level total assets, net income, return on assets and liquidity ratios at a yearly
frequency. Clustered standard errors at the bank-level are in parentheses: ∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.
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Table 13: Comparison between bad and good score treated banks (pre-treatment)

Variable Bad-score Good-score Bad - Good
Mean SD Mean SD Norm. diff.

Total assets (ln) 26.62 1.14 26.86 1.14 -0.21
Loans (defaulted) (ln) 22.57 1.21 22.66 1.32 -0.07
Net income (EUR mn) 216.26 1.93e+9 874.83 2.19e+9 -0.32∗

Liquid assets (ln) 24.88 1.18 25.22 1.11 -0.30∗

CET1 ratio 0.147 0.02 0.144 0.02 0.14
Firm: S1 emission int. (ln) 2.07 2.09 2.52 2.42 -0.01
Firm: S3 emissions int. (ln) 6.17 1.13 6.15 1.11 0.01
Firm: Brown (sector dummy) 0.52 0.50 0.50 0.50 0.04
Firm: Total assets (ln) 18.88 1.77 19.00 1.59 -0.07
Firm: Net income (EUR mn) 27.69 6.59e+8 24.68 5.88e+8 0.00
Firm: ROA 1.80 6.67 1.68 6.64 0.02
Firm: Liquidity ratio 1.09 1.25 1.16 1.78 -0.04

Notes: The table shows summary statistics of selected covariates separately for bad-score and good-score banks
in the treatment sample before 2021 Q3. Bad-score banks are defined as achieving equal to or above median
scores from 1-4 (1 being the best), i.e. scores of 3 or 4. Good-score banks achieved below median scores, i.e.
scores of 1 or 2. For each bank group, the mean and standard deviation (SD) for each covariate is shown.
The last column shows normalized differences as in Imbens and Wooldridge (2009), i.e. difference in means
is normalized with the sum of variances. A star (*) indicates that the normalized difference is outside of the
range ±0.25 (which serves as a rule of thumb).
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Figure 1: Timeline

Figure 2: Time-varying coefficients

This figure reports time-varying coefficients on the interaction of Treatb × Brownj with respective year-quarter
dummies, following the most saturated specification of equation 1. The figure therefore displays the time-varying
equivalent to column (9) of table 2. The reference period is 2021 Q2, i.e. right before the announcement of the
climate stress test at the end of 2021 Q3. The announcement period is 2021 Q4, and the participation period is
2022 Q1 - 2022 Q2. The confidence intervals are at the 95% level.
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Figure 3: Time-varying coefficients - Robustness

This figure reports time-varying coefficients on the interaction of Treatb × Brownj with respective year-quarter
dummies, following the most saturated specification of equation 1 and using the robustness sample of the three
smallest treated and three largest control banks per country as at 30 June 2021. The figure therefore displays the
time-varying equivalent to column (9) of table 8. The reference period is 2021 Q2, i.e. right before the announcement
of the climate stress test at the end of 2021 Q3. The announcement period is 2021 Q4, and the participation period
is 2022 Q1 - 2022 Q2. The confidence intervals are at the 95% level.
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Appendix

Figure A1: Climate risk at the ECB

Figure A2: Climate risk at the ECB - Timeline
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Figure A3: List of industries
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Figure A4: Module 3
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Figure A5: Score

ECB Working Paper Series No 3088 59



T
ab

le
A
1:

L
og

lo
an

am
ou

n
ts

(C
lu
st
er
:
B
an

k
,
In
d
u
st
ry
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

T
r
ea

t b
−
1
.3
1
∗∗

∗
−
1
.1
7
∗∗

∗
−
0
.8
1
∗∗

∗

(0
.1
2
)

(0
.1
9
)

(0
.1
9
)

P
o
st
A
n
n
t

−
0
.0
1

−
0
.0
1

−
0
.1
1
∗∗

∗
−
0
.2
6
∗∗

∗
−
0
.2
2
∗∗

∗

(0
.0
5
)

(0
.0
5
)

(0
.0
4
)

(0
.0
9
)

(0
.0
4
)

P
o
st
C
S
T
t

−
0
.6
4
∗∗

∗
−
0
.6
9
∗∗

∗
−
0
.6
5
∗∗

∗
−
0
.6
3
∗∗

∗
−
0
.6
0
∗∗

∗

(0
.0
7
)

(0
.0
7
)

(0
.0
5
)

(0
.0
8
)

(0
.0
6
)

B
r
o
w
n
j

−
0
.2
6
∗

0
.9
6

0
.7
6

(0
.1
5
)

(0
.8
3
)

(0
.5
3
)

T
r
ea

t b
×

P
o
st
A
n
n
t

−
0
.0
1

−
0
.0
1

0
.0
8
∗∗

0
.2
1
∗∗

∗
0
.1
8
∗∗

∗
0
.2
1
∗∗

∗

(0
.0
4
)

(0
.0
5
)

(0
.0
4
)

(0
.0
8
)

(0
.0
4
)

(0
.0
2
)

T
r
ea

t b
×

P
o
st
C
S
T
t

0
.7
2
∗∗

∗
0
.7
3
∗∗

∗
0
.7
0
∗∗

∗
0
.6
9
∗∗

∗
0
.6
7
∗∗

∗
0
.3
5
∗∗

∗

(0
.0
4
)

(0
.0
4
)

(0
.0
3
)

(0
.0
7
)

(0
.0
5
)

(0
.0
3
)

T
r
ea

t b
×

B
r
o
w
n
j

0
.0
7

−
0
.1
1

0
.0
2

0
.0
6

0
.1
7
∗

0
.1
6
∗

0
.1
3

0
.1
0

(0
.1
3
)

(0
.1
7
)

(0
.1
2
)

(0
.2
1
)

(0
.0
9
)

(0
.1
0
)

(0
.0
9
)

(0
.0
9
)

P
o
st
A
n
n
t
×

B
r
o
w
n
j

0
.0
3

0
.0
4

0
.0
9

0
.4
0
∗∗

∗
0
.2
7
∗∗

∗
0
.2
6
∗∗

∗

(0
.0
6
)

(0
.0
6
)

(0
.0
6
)

(0
.1
3
)

(0
.0
8
)

(0
.0
9
)

P
o
st
C
S
T
t
×

B
r
o
w
n
j

0
.2
4
∗∗

∗
0
.2
6
∗∗

∗
0
.1
5
∗∗

0
.1
5
∗

0
.1
3
∗

0
.0
3

(0
.0
7
)

(0
.0
8
)

(0
.0
6
)

(0
.0
8
)

(0
.0
6
)

(0
.0
5
)

P
o
st
A
n
n
t
×

T
r
ea

t b
×

B
r
o
w
n
j

−
0
.0
7

−
0
.0
5

−
0
.0
5

−
0
.3
4
∗∗

∗
−
0
.2
2
∗∗

∗
−
0
.2
2
∗∗

−
0
.1
6
∗∗

∗
−
0
.1
0
∗∗

∗
−
0
.0
3
∗

(0
.0
6
)

(0
.0
6
)

(0
.0
7
)

(0
.1
3
)

(0
.0
8
)

(0
.1
0
)

(0
.0
2
)

(0
.0
3
)

(0
.0
2
)

P
o
st
C
S
T
t
×

T
r
ea

t b
×

B
r
o
w
n
j

−
0
.2
7
∗∗

∗
−
0
.2
3
∗∗

∗
−
0
.1
5
∗∗

∗
−
0
.1
8
∗∗

−
0
.1
7
∗∗

−
0
.0
5

−
0
.1
5
∗∗

∗
−
0
.0
5
∗∗

−
0
.0
5
∗∗

∗

(0
.0
6
)

(0
.0
6
)

(0
.0
5
)

(0
.0
9
)

(0
.0
7
)

(0
.0
6
)

(0
.0
3
)

(0
.0
2
)

(0
.0
1
)

C
o
n
tr
o
ls

N
o

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Q
u
a
rt
er

F
E

Y
es

Y
es

Y
es

Y
es

Y
es

N
o

N
o

N
o

N
o

B
a
n
k
F
E

N
o

N
o

Y
es

N
o

Y
es

N
o

Y
es

N
o

N
o

F
ir
m

F
E

N
o

N
o

N
o

Y
es

Y
es

Y
es

N
o

N
o

N
o

B
a
n
k
-Q

u
a
rt
er

F
E

N
o

N
o

N
o

N
o

N
o

Y
es

N
o

Y
es

Y
es

F
ir
m
-Q

u
a
rt
er

F
E

N
o

N
o

N
o

N
o

N
o

N
o

Y
es

Y
es

Y
es

B
a
n
k
-F

ir
m

F
E

N
o

N
o

N
o

N
o

N
o

N
o

N
o

N
o

Y
es

A
d
j.

R
2

0
.0
2

0
.0
3

0
.0
9

0
.4
8

0
.5
0

0
.5
1

0
.5
4

0
.5
5

0
.8
6

N
u
m
.
o
b
s.

1
2
3
7
0
3
7

1
1
6
3
5
4
3

1
1
6
3
5
4
3

1
1
6
3
5
4
3

1
1
6
3
5
4
3

1
1
6
3
5
4
3

1
1
6
3
5
4
3

1
1
6
3
5
4
3

1
1
6
3
5
4
3

C
lu
st
er
in
g

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

B
a
n
k
,
In
d
.

N
o
te
s:

T
h
is

ta
b
le

re
p
o
rt
s
th

e
m
a
in

tr
ip
le

D
iD

re
g
re
ss
io
n
re
su

lt
s
fo
ll
o
w
in
g
eq

u
a
ti
o
n
1
,
w
h
er
eb

y
ea

ch
co

lu
m
n
p
ro
g
re
ss
iv
el
y
sa
tu

ra
te
s
th

e
re
g
re
ss
io
n
w
it
h
fi
x
ed

-
eff

ec
ts
.
T
h
e
o
u
tc
o
m
e
v
a
ri
a
b
le

o
f
ea

ch
co

lu
m
n
is

th
e
lo
g
o
f
th

e
lo
a
n
a
m
o
u
n
ts

o
u
ts
ta
n
d
in
g
b
et
w
ee
n
b
a
n
k
b
a
n
d
fi
rm

j
in

m
o
n
th

t.
P
o
st
A
n
n
t
is

eq
u
a
l
to

1
in

th
e

p
er
io
d
fo
ll
o
w
in
g
th

e
a
n
n
o
u
n
ce
m
en

t
o
f
th

e
cl
im

a
te

st
re
ss

te
st
,
0
o
th

er
w
is
e.

P
o
st
C
S
T
t
is

eq
u
a
l
to

1
in

th
e
p
er
io
d
fo
ll
o
w
in
g
p
a
rt
ic
ip
a
ti
o
n
in

th
e
cl
im

a
te

st
re
ss

te
st
,

0
o
th

er
w
is
e.

T
r
ea

t b
is

eq
u
a
l
to

1
if
th

e
lo
a
n
is

fr
o
m

a
b
a
n
k
th

a
t
h
a
s
b
ee
n
su

b
je
ct

to
th

e
cl
im

a
te

st
re
ss

te
st
,
0
o
th

er
w
is
e.

B
r
o
w
n
j
is

eq
u
a
l
to

1
if
b
o
rr
o
w
in
g
fi
rm

s
b
el
o
n
g
to

th
e
li
st

o
f
G
H
G
-i
n
te
n
si
v
e
in
d
u
st
ri
es

a
s
p
re
-d
efi

n
ed

in
th

e
ex

er
ci
se
,
0
o
th

er
w
is
e.

C
o
n
tr
o
ls

in
cl
u
d
e
tr
ip
le
-d
im

en
si
o
n
in
te
ra
ct
io
n
s
b
et
w
ee
n
th

e
fi
rm

-l
ev

el
B
r
o
w
n
j
d
u
m
m
y
a
n
d
b
a
n
k
-l
ev

el
to
ta
l
a
ss
et
s,

d
ef
a
u
lt
ed

lo
a
n
s,

n
et

in
co

m
e,

li
q
u
id

a
ss
et
s,

a
n
d
C
E
T
1
ra
ti
o
s,

re
sp

ec
ti
v
el
y.

C
lu
st
er
ed

st
a
n
d
a
rd

er
ro
rs

a
t
th

e
b
a
n
k
-

a
n
d
in
d
u
st
ry
-l
ev

el
a
re

in
p
a
re
n
th

es
es
:

∗∗
∗
p
<

0
.0
1
;
∗∗

p
<

0
.0
5
;
∗
p
<

0
.1
.

ECB Working Paper Series No 3088 60



Acknowledgements 
For helpful comments and suggestions, we thank Raj Iyer, José-Luis Peydró, Magdalena Rola-Janicka, Alissa Kleinnijenhuis, Clara 
Martínez-Toledano, Savi Sundaresan, Ansgar Walther, Basil Williams, Peter Hoffmann, Tarun Ramadorai, Marcin Kacperczyk, Eduard 
Seyde, and seminar participants at Imperial College London and the ECB Banking Supervision Research Seminar. 
The views expressed are those of the authors and do not necessarily reflect those of the European Central Bank (ECB) nor the 
Eurosystem. 
 
Valentina De Cicco 
European Bank for Reconstruction and Development, London, United Kingdom; email: valentinadecicco96@gmail.com 
 
Isabella Gschossmann 
Imperial College London, London, United Kingdom; email: i.gschossmann22@imperial.ac.uk 
 
Christoffer Kok 
European Central Bank, Frankfurt am Main, Germany; email: christoffer.kok@ecb.europa.eu 

© European Central Bank, 2025 

Postal address 60640 Frankfurt am Main, Germany 
Telephone +49 69 1344 0 
Website www.ecb.europa.eu 

All rights reserved. Any reproduction, publication and reprint in the form of a different publication, whether printed or produced 
electronically, in whole or in part, is permitted only with the explicit written authorisation of the ECB or the authors.  

This paper can be downloaded without charge from www.ecb.europa.eu, from the Social Science Research Network electronic library or 
from RePEc: Research Papers in Economics. Information on all of the papers published in the ECB Working Paper Series can be found 
on the ECB’s website. 

PDF ISBN 978-92-899-7414-1 ISSN 1725-2806 doi:10.2866/1585378 QB-01-25-187-EN-N 

mailto:valentinadecicco96@gmail.com
mailto:i.gschossmann22@imperial.ac.uk
mailto:christoffer.kok@ecb.europa.eu
http://www.ecb.europa.eu/
http://www.ecb.europa.eu/
http://ssrn.com/
https://ideas.repec.org/s/ecb/ecbwps.html
http://www.ecb.europa.eu/pub/research/working-papers/html/index.en.html

	Bank lending implications of climate stress tests
	Abstract
	Non-technical summary
	1 Introduction
	2 Related literature
	3 The ECB's 2022 climate risk stress test
	3.1 Timeline and scope
	3.2 Structure and modules
	3.3 Aggregate results

	4 Empirical analysis
	4.1 Methodology
	4.2 Identification concerns
	4.3 Data and sample

	5 Results
	5.1 Descriptive statistics
	5.2 Baseline results
	5.3 Supply vs. demand results
	5.4 Firm-level results

	6 Robustness
	6.1 Sample construction and empirical strategy
	6.2 Results

	7 Bank-level scoring effects
	8 Conclusion
	References
	Tables
	Figures
	Appendix
	Acknowledgements & Imprint




