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Motivation

• No regulatory capital requirements for climate-related financial risks

◦ ↑ awareness of supervisors to climate-risk
• After 2020, breaking point in banking supervision: several ECB initiatives

◦ Supervisory expectations on climate risk (Nov-2020)
◦ Announcement of the first Climate Stress Test (Nov-2021)
◦ Treated banks: ALL Euro Area Significant Institutions (SIs), incl. Italian SIs Shock
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◦ Data gaps on SMEs and non-listed firms: limited non-financial disclosure

◦ IT: 47% of loans to firms, 67% of Value Added, 79% of employment
◦ Under/Overestimation?
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This paper

S-T effects of climate supervision on credit supply and banks’ and firms’ commitments

1. Did banks reallocate credit to less polluting firms after the shock(s)?

◦ YES. After the release of the Guide, SIs with climate commitments (green banks)
reallocated credit compared to LSIs

◦ Novel evidence of the role of banks’ emission targets in the lending process
◦ Green banks strongly reacted to the supervisory shock
◦ Supervision more effective for banks with decarbonization policies of lending portfolios

2. Did banks apply a different cost of lending post-shock?

◦ NO. Predominance of credit reallocation effect
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This paper

3. Did banks similarly reallocate credit away from brown firms that
have plans to reduce future emissions and/or modifying the related spread?

◦ Focus on Large and Listed firms: NON-unique evidence on the role of forward-looking
info in the credit process

• After the expectations, SIs did not reallocate credit
• After the CST, SIs reallocated credit and charged higher spreads compared to LSI to

polluting counterparties despite the presence of emission reduction targets
◦ The CST did not explicitly require banks to consider the exposure to climate risk with

climate forward-looking data
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Literature on banks’ credit supply and climate policy

◦ The evidence of credit reallocation is limited to syndicated loans, 2015 Paris Accord,
large/listed firms (Reghezza et al. (2022), Bruno and Lombini (2023))

◦ No agreement on whether banks committed to environmental policies lendpreferentially to low-emission firms
• YES. Worse pricing and less credit for green-meets-green attitude (Degryse et al., 2023,

Kacperczyk and Peydró, 2021)
• NO. Less likely to establish new relationships and overemphasis of climate targets

(greenwashing), Ehlers and De Greiff (2021), Giannetti et al. (2023), Sastry et al. (2024))
◦ No empirical evidence on the impact of climate supervision (expectations and ST)with granular loan-level data

• Syndicated loans (Fuch et al., 2024) and ESG rating/Sustainable Finance indicators
Beyer and Schreiner (2024))
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Contribution

◦ The evidence is limited to syndicated loans, 2015 Paris Accord, large/listed firms
(Reghezza et al. (2022), Bruno and Lombini (2023))

◦ No consensus on whether green banks lend preferentially to low-emission firms WITH
SUPERVISORY PRESSURE
• YES. Worse pricing and less credit for green-meets-green attitude (Degryse et al., 2023,

Kacperczyk and Peydró, 2021)
• NO. Less likely to establish new relationships and overemphasis of climate targets

(greenwashing), Ehlers and De Greiff (2021), Giannetti et al. (2023), Sastry et al. (2024))
◦ No empirical evidence on the impact of climate supervision (expectations and ST) withgranular loan-level data

• Syndicated loans (Fuch et al., 2024) and ESG rating/Sustainable Finance indicators
Beyer and Schreiner (2024))



Data and empirical strategy



(Micro) Data

AnaCredit

◦ Loan-level data from bank-firm credit registry of lending within Italy
◦ Performing credit lines granted by multi-banks to (non-financial) firms

FINREP/COREP and Cerved
◦ Bank and firm-level data on balance-sheets

Short-term effects
◦ Shock 1: September 2020 - February 2021
◦ Shock 2: September 2021 - February 2022

≃ 45K firms, 38 banking groups (11 SIs and 27 LSIs), 6 months time-window (3 before, 3
after)
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Bank and firm targets/commitments

Refinitiv, SBTi and author’s collection

◦ Self-disclosed information by firms and banks (as in Carbone et al. (2021))
◦ Dummy variable in case the company sets targets or objectives in a given time frame

to be achieved on emission reductions from business operations
◦ Non-Financial Reports, Sustainability Reports, Corporate Social Responsibility,

Environmental Reports, and Annual Reports
Climate commitments before the shocks: 3 banks (SIs), 24 large and listed firms
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Example bank commitment: Intesa San Paolo



Example firm commitment: Sumitomo Pharma Co Ltd



Brownness classification

• The majority of banks typically identify transition risk using:

✓ Estimated emissions from private data providers
✓ Internal practices to infer emissions at the firm-level from sectoral aggregates

• To infer firm-level emissions within-sector variability depends only on firm’s size

⇒ This paper exploits a similar approach to classify the firms’ brownness

ECB observed practices 2022
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Brownness classification

• To infer firm-level emissions within-sector variability depends only on the number of
workers

• The majority of banks typically identify transition risk using:
✓ Estimated emissions from private data providers
✓ Internal practices to infer emissions at the firm-level from sectoral aggregates

⇒ This paper exploits a similar approach to classify the firms’ brownness

ECB observed practices 2022



Firm-level CO2 emissions

Eurostat, INPS, ISTAT Cerved
◦ Obtained from sectoral energy consumption for different energy sources

downscaled wrt the no. of employees details

Descriptive statistics:whole sample Descriptive statistics:only listed firms



Methodology DDD

Yb,f,t,l = α1(Brownf × Postt × Treb) + α2(Brownf × Treb) + α3Covidb,f,t + δb,t + ωf,t + ηl,t + ϵb,f,t,l

Bank b, Firm f , Month t, Loan-type l

• Yb,f,t,l log of total credit granted/average credit spread
• Brownf ∈ [0, 1], if firm-level CO2 emissions are ≥ median of pre-shock distribution
• Postt ∈ [0, 1], 1 after the introduction of the ECB Guide / Climate Stress Test
• Treb ∈ [0, 1], 1 treated bank
Loans to NFCs with Covid-19 guarantess
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Methodology DDD

Yb,f,t,l = α1(Brownf × Postt × Treb) + α2(Brownf × Treb) + α3Covidb,f,t + δb,t + ωf,t + ηl,t + ϵb,f,t,l

Bank b, Firm f , Month t, Loan-type l

• Yb,f,t,l log of total credit granted/average credit spread
• Brownf ∈ [0, 1], if firm-level CO2 emissions are ≥ median of pre-shock distribution across sectors
• Postt ∈ [0, 1], 1 after the introduction of the ECB Guide / Climate Stress Test
• Treb ∈ [0, 1], 1 treated bank (SI)
Loans to NFCs with Covid-19 guarantess



Identification with multi-bank credit relationships

α̂1 → Difference between two DD estimates:
[(Y SI,Brown,Post − Y SI,Brown,Pre)− (Y LSI,Brown,Post − Y LSI,Brown,Pre)]−

[(Y SI,NotBr,Post − Y SI,NotBr,Pre)− (Y LSI,NotBr,Post − Y LSI,NotBr,Pre)]

2 banks (b): SI (treated), LSI (control)
2 firms (f): Brown, not Brown
2 time periods (t): t=0 (before), t=1 (after)
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Results



Did SIs reallocate credit to less brown firms after the shock(s)?

YES: SIs reallocated credit (-2.1%) compared to LSIs after the 2020 expectations

log(creditb,f,t,l)
Brownf × Postt × Treb -0.0209∗∗

(0.00996)
Brownf × Treb 0.0607∗∗∗

(0.0175)
Covidb,f,t 0.0180∗∗∗

(0.00101)
Observations 652,744
Fixed Effects Yes
Bank and Firm controls Yes
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Results for price-channel: 2020 Supervisory Shock Results for quantity-channel: 2022 CST Results for price-channel: 2022 CST
Parallel trend CST Falsification Tests



Robust results with alternative measures of transition risk

log(creditb,f,t,l)
Brownf Brown Highf CO2intf

≥ median ≥ Q3 CO2emif
Revenuef

Transition Riskf × Postt × Treb -0.0209∗∗ -0.0234∗∗ -0.0000606∗∗∗

(0.00996) (0.0109) (0.0000235)
Transition Riskf × Treb 0.0607∗∗∗ 0.0679∗∗∗ 0.0000703∗∗∗

(0.0175) (0.0192) (0.0000236)
Covidb,f,t 0.0180∗∗∗ 0.0180∗∗∗ 0.0170∗∗∗

(0.00101) (0.00101) (0.000877)
Observations 652,744 652,744 652,744
Fixed Effects Yes Yes Yes
Bank and Firm controls Yes Yes Yes



Robust results for differences in existing bank-firm relationships

log(creditb,f,t,l)
Brownf × Postt × Treb ×Bank Commb -0.0229∗∗∗

(0.00771)
Brownf × Postt × Treb -0.0135∗ -0.00265

(0.00720) (0.00798)
Covidb,f,t 0.0127∗∗∗ 0.0127∗∗∗

(0.000838) (0.000838)
Observations 650,297 650,297
Bank-Time Fixed Effects Yes Yes
Firm-Time Fixed Effects Yes Yes
Loan Type-Time Fixed Effects Yes Yes
Bank-Firm Fixed Effects Yes Yes
Bank and Firm controls Yes Yes



The role of banks’ commitment

• What about green banks?

→ 3 SI banks (out of 11) with emission targets set in the year before the shock

• Rational: green banks might be strongly impacted by the shocks, due to
decarbonization policies of credit portfolios and the scrutiny of their investors

Yb,f,t,l = α1(Brownf × Postt × Treb × Bank Commb ) + α2(Brownf × Postt × Treb)+

+α3(Brownf × Treb ×Bank Commb) + α4(Brownf × Treb) + α5Covidb,f,t+

+δb,t + ωf,t + ηl,t + ϵb,f,t,l
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Which treated banks reallocated?

⇒ GREEN banks
log(creditb,f,t,l)

Brownf × Postt × Treb ×Bank Commb -0.0261∗∗∗

(0.0101)
Brownf × Postt × Treb -0.0209∗∗ -0.00901

(0.00996) (0.0110)
Brownf × Treb ×Bank Commb -0.0134

(0.0178)
Brownf × Treb 0.0607∗∗∗ 0.0671∗∗∗

(0.0175) (0.0194)
Covidb,f,t 0.0180∗∗∗ 0.0180∗∗∗

(0.00101) (0.00101)
Observations 652,744 652,744
Fixed Effects Yes Yes
Bank and Firm controls Yes Yes

• Supervision impacted banks with decarbonization policies of credit portfolios
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The role of firms’ commitment

Focus on large and listed firms

Yb,f,t,l = α1(Brownf × Postt × Treb × Firm Commf ) + α2(Brownf × Postt × Treb)+

+α3(Brownf × Treb × Firm Commf ) + α4(Brownf × Treb) + α5Covidb,f,t+

+δb,t + ωf,t + ηl,t + ϵb,f,t,l



Results with firms’ commitment: CST

CST
log(creditb,f,t) spreadb,f,t

Brownf × Postt × Treb × Firm Commf -2.118∗∗ 85.37∗∗

(0.906) (37.10)
Brownf × Postt × Treb -0.128 -0.126 92.52∗∗∗ 92.33∗∗∗

(0.226) (0.226) (30.65) (30.62)
Brownf × Treb × Firm Commf 3.785 -16.36

(2.469) (116.5)
Brownf × Treb 1.020∗ 1.014∗ -83.74∗∗ -83.71∗∗

(0.600) (0.595) (40.73) (40.74)
Covidb,f,t 0.0230∗∗ 0.0231∗∗ -2.970∗ -2.968∗

(0.0103) (0.0103) (1.600) (1.601)
Observations 3,333 3,333 3,333 3,333
Fixed Effects Yes Yes Yes Yes
Bank and Firm controls Yes Yes Yes Yes

Results for Supervisory Shock



Possible explanations

Main feature of the CST

• The CST did not explicitly require banks to consider the exposure to climate risk
with climate forward-looking data (i.e. emission targets or commitment)

• Firms with targets are typically the most emitting ones in credit portfolios, based on
historical CO2 emissions

• Related emissions fed in the data collected by the SSM during the exercise
=⇒ Supervisory initiatives can differently affect lending policies and credit supply
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Conclusions

• Novel evidence on the effect of climate banking supervision on credit supply with a
complete assessment of banks’ portfolio

• After the ECB expectations, green SIs reallocated credit away from polluting firms
◦ Increased efficacy of banks’ commitments in the presence of supervisory shock

• Limited role of firms’ emission targets in the credit process (data reliability and gaps)
Policy implications

◦ Banking supervision should both provide the right incentives for banks to properly
manage climate-related risks (Hansen, 2022)

◦ Avoid unintended consequences banks cut credit to brown firms needing more
resources to support the transition, i.e. those committed/with targets
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◦ Increased efficacy of banks’ commitments in the presence of supervisory shock

• Limited role of firms’ emission targets in the credit process (data reliability and gaps)
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◦ Banking supervision should both provide the right incentives for banks to properly

manage climate-related risks (Hansen, 2022)
◦ Avoid unintended consequences banks cut credit to brown firms needing more

resources to support the transition, i.e. those committed/with targets



Thank you!
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Supervisory shocks

ECB Guide on Climate risk - Nov 2020

• (Non-binding) Guide where ECB expects institutions to consider climate-related risks
in risk management, business strategy and governance frameworks

• Supervised banks to perform self-assessment on ECB expectations in early 2021
Climate Stress Test - Nov 2021

• Dear CEO letter to announce the official participation of banks
• The first supervisory stress test in 2022



2020 ECB Guide
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Bank observed practices
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CST: identification of transition risk
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Imputation procedure for firms’ CO2 emissions

1. Estimate energy consumption (Faiella et al. (2022), Emambakhsh et al. (2023)):
ef,t =

Z∑
z=1

wz,f,t

where z = 1, . . . , Z represents the energy sources and wz,f,t is defined as:
wz,f,t =

lf,t
Lt

× Ez,t

where:
• lf,t denotes the number of number of employees for firm f at time t

• Lt denotes the total number of employees enrolled in the same sector as the one of the
firm f at time t

• Ez,t is the energy consumption (at the sector level of firm f ) for energy source z at time t

2. Estimate S1-S2 emissions (ton of oil equivalent, toe) through carbon emission factors foreach fuel from ISPRA and Ministero dell’Ambiente



Robustness check: Top emitting sectors

Figure 1: CO2 emissions across industries (tonnes)
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Descriptive statistics: whole sample

Mean Std. Dev. Q1 Median Q3
Loan-level data
Loan amount (log) 11.58 1.67 10.34 11.51 12.61
Loan amount Covid (log) 1.47 3.83 0.00 0.00 0.00
Loan spread (basis points) 442.43 343.86 196.44 343.70 589.45
Bank-level data
Treated (bank) 0.79 0.41 1.00 1.00 1.00
Bank Committed (bank) 0.36 0.48 0.00 0.00 1.00
Firm-level data
Post (month) 0.52 0.50 0.00 1.00 1.00
Brown (firm) 0.49 0.50 0.00 0.00 1.00
CO2 emissions (firm) 1.94e+06 8.50e+07 32,235.51 83,812.32 244,989.87
log(CO2 emissions) (firm) 11.50 1.66 10.38 11.34 12.41
Observations 909,816
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Descriptive statistics: subsample of large and listed firms

Mean SD Q1 Median Q3
Loan-level data
Loan amount (log) 13.98 2.43 12.43 13.99 15.42
Loan amount Covid (log) 0.77 3.14 0.00 0.00 0.00
Loan spread (basis points) 313.98 290.31 138.10 238.50 399.80
Bank-level data
Treated (bank) 0.81 0.39 1.00 1.00 1.00
Firm-level data
Post (month) 0.50 0.50 0.00 1.00 1.00
Brown Comm (firm) 0.08 0.27 0.00 0.00 0.00
CO2 emission (firm) 2.49e+08 1.17e+09 509,321.04 1.70e+06 5.04e+06
log(CO2 emissions) (firm) 14.57 2.41 13.14 14.35 15.43
Observations 4,546
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Evolution of credit in Covid-19 times

Notes: The chart plots the amount of loans to NFCs and loans to NFCs (rhs) with Covid 19 guarantees expressed in billion
of euros, at monthly frequency, taking the end-month values. Source: supervisory data drawn from AnaCredit. Back



Results for price-channel: 2020 Supervisory Shock

(1) (2) (3) (4)
Brownf × Postt × Treb -1.610 0.740 1.440 0.441

(2.606) (2.852) (2.762) (2.556)
Brownf × Treb -24.08∗∗∗ -17.25∗∗∗ -18.37∗∗∗ -17.15∗∗∗

(4.470) (4.687) (4.456) (4.171)
Covidb,f,t -5.653∗∗∗ -9.283∗∗∗ -8.987∗∗∗ -3.502∗∗∗

(0.199) (0.223) (0.226) (0.208)
Controls Yes Yes Yes Yes
Bank-Time Fixed Effects Yes Yes Yes
Firm-Time Fixed Effects Yes Yes Yes
Loan Type-Time Fixed Effects Yes
Observations 652,744 652,744 652,744 652,744
R2 0.083 0.289 0.318 0.528
R2 0.073 0.306 0.324 0.541
Number of Banks 38 38 38 38
Number of Firms 26,808 26,808 26,808 26,808
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Results for quantity-channel: 2022 CST

(1) (2) (3) (4)
Brownf × Postt × Treb 0.0127 0.0134 0.0108 0.00792

(0.00896) (0.00845) (0.00843) (0.00828)
Brownf × Treb 0.0547∗∗ 0.0355∗∗ 0.0462∗∗∗ 0.0386∗∗

(0.0224) (0.0171) (0.0168) (0.0165)
Covidb,f,t 0.0114∗∗∗ 0.0274∗∗∗ 0.0337∗∗∗ 0.0165∗∗∗

(0.00116) (0.000899) (0.000947) (0.000932)
Controls Yes Yes Yes Yes
Bank-Time Fixed Effects Yes Yes Yes
Firm-Time Fixed Effects Yes Yes Yes
Loan Type-Time Fixed Effects Yes
Observations 703,796 703,796 703,796 703,796
R2 0.083 0.471 0.477 0.578
Number of Banks 38 38 38 38
Number of Firms 27,404 27,404 27,404 27,404
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Results for price-channel: 2022 CST

(1) (2) (3) (4)
Brownf × Postt × Treb 0.361 -1.355 -0.648 0.0162

(1.765) (1.926) (1.898) (1.748)
Brownf × Treb -24.13∗∗∗ -19.01∗∗∗ -16.08∗∗∗ -12.17∗∗∗

(3.483) (3.575) (3.493) (3.161)
Covidb,f,t -4.417∗∗∗ -6.770∗∗∗ -7.114∗∗∗ -2.154∗∗∗

(0.158) (0.168) (0.177) (0.161)
Controls Yes Yes Yes Yes
Bank-Time Fixed Effects Yes Yes Yes
Firm-Time Fixed Effects Yes Yes Yes
Loan Type-Time Fixed Effects Yes
Observations 703,796 703,796 703,796 703,796
R2 0.083 0.471 0.477 0.556
Number of Banks 38 38 38 38
Number of Firms 27,404 27,404 27,404 27,404
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Parallel Trend: the launch of the 2022 CST
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⇒Not significant impact, neither before, nor after the official launch of the 2022 Climate
Stress Test one year later, in November 2021
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Results with firms’ commitment: Sup expectations

Sup expectations
log(creditb,f,t) spreadb,f,t

Brownf × Postt × Treb × Firm Commf 1.288 -148.8∗

(1.169) (79.41)
Brownf × Postt × Treb 1.124 1.125∗ -136.4∗∗ -136.8∗∗

(0.685) (0.667) (65.28) (64.98)
Brownf × Treb × Firm Commf 2.792 19.33

(2.155) (102.3)
Brownf × Treb 0.178 0.188 90.07 90.10

(0.321) (0.320) (68.98) (68.98)
Covidb,f,t 0.0273∗∗ 0.0235∗∗∗ -5.776∗∗ -5.677∗∗∗

(0.0117) (0.0112) (1.911) (1.908)
Observations 3,337 3,337 3,337 3,337
Fixed Effects Yes Yes Yes Yes
Bank and Firm controls Yes Yes Yes Yes
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Falsification Tests

Log(creditb,f,t) Spreadb,f,t Log(creditb,f,t) Spreadb,f,t

Brownf × Postt × Fake Treb 0.0037 0.4032(0.0097) (2.465)
Brownf × Fake Treb -0.048∗∗∗ -1.32(0.018) (4.085)
Covidb,f,t 0.018∗∗∗ -3.530∗∗∗(0.001 ) (0.208)
Brownf × Fake Postt × Treb 0.004 -0.014(0.007) (0.017)
Brownf × Treb 0.0596∗∗∗ -0.223∗∗∗(0.0132) (0.032)
Covidb,f,t 0.0175∗∗∗ -0.035∗∗∗(0.00083) (0.00176)
Observations 652,744 652,744 792,781 792,781
R2 0.585 0.541 0.576 0.535

• Randomly assigning treated banks renders key coefficient not significant
• Assigning the month of the release of the Guide to a fake period also renders the key

coefficient not significant
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