
Information about Climate Transition Risk and Bank
Lending

Bhavyaa Sharma

Goethe University

14th EBA Policy Workshop
November 19, 2025



Climate Transition Risk

▶ Uncertainty associated with possible transition to a low-carbon economy
▶ Policy-driven emission reductions
▶ ⇓ relative costs of renewable energy generation
▶ Shift in preferences for “green” products and assets

▶ Firms’ exposure to transition risk has increased in the recent years
Firm-level transition risk

▶ Disorderly transition can affect banks through credit risk and market risk
channels (Acharya et al., 2023; Jung et al., 2023) Transition Scenarios



Assessing firms’ exposure to climate transition is difficult
▶ Main issues: (i) Lack of standardized disclosures (EBA, 2021) (ii) Absence of

comprehensive transition risk management framework (FRB, 2024)

Source: ECB 2022 Thematic review on climate-related and environmental risks



Overview: How do banks price firm-level exposure to climate
transition risk?

This paper:
1. Stylized facts about how banks price firm-level exposure to climate transition

risk

▶ Role of banks’ industry specialization
▶ Holding loan portfolios specialized in certain industries/sectors can create

informational advantages in lending for banks (Paravisini et al., 2023; Blickle et al.,
2023; Giometti et al., 2024)

▶ Focus on bank’s portfolio share relative to the other banks
▶ Banks’ underreaction to oil supply news shocks relevant for high transition risk

firms

2. Model of competitive bank lending with costly information acquisition and
underreaction to public signals



Overview: How do banks price firm-level exposure to climate
transition risk?

This paper:
1. Stylized facts about how banks price firm-level exposure to climate transition

risk
▶ Role of banks’ industry specialization

▶ Holding loan portfolios specialized in certain industries/sectors can create
informational advantages in lending for banks (Paravisini et al., 2023; Blickle et al.,
2023; Giometti et al., 2024)

▶ Focus on bank’s portfolio share relative to the other banks
▶ Banks’ underreaction to oil supply news shocks relevant for high transition risk

firms

2. Model of competitive bank lending with costly information acquisition and
underreaction to public signals



Overview: How do banks price firm-level exposure to climate
transition risk?

This paper:
1. Stylized facts about how banks price firm-level exposure to climate transition

risk
▶ Role of banks’ industry specialization

▶ Holding loan portfolios specialized in certain industries/sectors can create
informational advantages in lending for banks (Paravisini et al., 2023; Blickle et al.,
2023; Giometti et al., 2024)

▶ Focus on bank’s portfolio share relative to the other banks
▶ Banks’ underreaction to oil supply news shocks relevant for high transition risk

firms

2. Model of competitive bank lending with costly information acquisition and
underreaction to public signals



Summary of Stylized Facts

▶ Higher firm-level exposure to regulatory aspects of transition risk associated
with Data Results

▶ Higher loan rates on average across the entire sample
▶ Higher than average loan rates for loans made by specialized banks to E.U. firms

▶ Underreaction to commodity market shocks relevant for firms with high
transition risk exposure
▶ Oil supply news shocks - High frequency variation in oil futures prices around

OPEC announcements (Känzig, 2021)
▶ Higher oil price expectations⇒ higher energy prices - Relevant signals for

energy-intensive firms
▶ Negative effects of supply shocks on equity returns of industries more exposed

to transition risks (Kilian and Park, 2007)
▶ No significant change in loan rates charged by specialized banks to exposed

firms after an oil supply news shock Results

▶ Result holds for carbon pricing shocks Results



Summary of Stylized Facts

▶ Higher firm-level exposure to regulatory aspects of transition risk associated
with Data Results

▶ Higher loan rates on average across the entire sample
▶ Higher than average loan rates for loans made by specialized banks to E.U. firms

▶ Underreaction to commodity market shocks relevant for firms with high
transition risk exposure

▶ Oil supply news shocks - High frequency variation in oil futures prices around
OPEC announcements (Känzig, 2021)

▶ Higher oil price expectations⇒ higher energy prices - Relevant signals for
energy-intensive firms

▶ Negative effects of supply shocks on equity returns of industries more exposed
to transition risks (Kilian and Park, 2007)

▶ No significant change in loan rates charged by specialized banks to exposed
firms after an oil supply news shock Results

▶ Result holds for carbon pricing shocks Results



Summary of Stylized Facts

▶ Higher firm-level exposure to regulatory aspects of transition risk associated
with Data Results

▶ Higher loan rates on average across the entire sample
▶ Higher than average loan rates for loans made by specialized banks to E.U. firms

▶ Underreaction to commodity market shocks relevant for firms with high
transition risk exposure
▶ Oil supply news shocks - High frequency variation in oil futures prices around

OPEC announcements (Känzig, 2021)
▶ Higher oil price expectations⇒ higher energy prices - Relevant signals for

energy-intensive firms
▶ Negative effects of supply shocks on equity returns of industries more exposed

to transition risks (Kilian and Park, 2007)

▶ No significant change in loan rates charged by specialized banks to exposed
firms after an oil supply news shock Results

▶ Result holds for carbon pricing shocks Results



Summary of Stylized Facts

▶ Higher firm-level exposure to regulatory aspects of transition risk associated
with Data Results

▶ Higher loan rates on average across the entire sample
▶ Higher than average loan rates for loans made by specialized banks to E.U. firms

▶ Underreaction to commodity market shocks relevant for firms with high
transition risk exposure
▶ Oil supply news shocks - High frequency variation in oil futures prices around

OPEC announcements (Känzig, 2021)
▶ Higher oil price expectations⇒ higher energy prices - Relevant signals for

energy-intensive firms
▶ Negative effects of supply shocks on equity returns of industries more exposed

to transition risks (Kilian and Park, 2007)
▶ No significant change in loan rates charged by specialized banks to exposed

firms after an oil supply news shock Results

▶ Result holds for carbon pricing shocks Results



Model of costly private information acquisition and underreaction to
public signals

▶ Informational advantage: Specialized banks charge higher interest rates to
riskier borrowers

▶ Underreaction: Rigidity of subjective expectations around priors (Epstein,
2006) Empirical evidence ⇒

▶ Interest rate differentials ↓ in favor of more exposed borrowers if banks
underreact to public signals

▶ Private information acquired by specialized banks ↑with underreaction to
highly informative public signal

▶ Greater dependence on private information during high credit risk⇒ small
levels of underreaction→ sharply ↓ interest rate differentials

▶ Takeaway: Reducing barriers to information acquisition relevant for better
pricing of transition risk in corporate loans
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Related Literature

▶ Empirical evidence on pricing of transition risk in lending contracts (Delis,
2019; Hrazdil et al., 2020; Reghezza et al., 2021; Kacperczyk and Peydro, 2022;
Ehlers et al., 2022; Ivanov et al., 2023; Mueller and Sfrappini, 2022; Degryse et
al., 2023)
▶ Contribution:

▶ Forward-looking measures of transition risk
▶ Role of bank specialization
▶ Public signal based on global shock relevant for high transition risk firms

▶ Information acquisition and public or shared information sources in lending
contracts (Hauswald and Marquez, 2003; Karapetyan and Stacescu, 2014;
Banerjee, 2005; Vives et al., 2024)
▶ Contribution:

▶ Role of information acquisition and belief updates in optimal lending contracts by
banks to firms heterogeneously exposed to transition risks

▶ Impact of financial stress on private information acquisition about borrower quality



Model



Model of costly information acquisition with underreaction to
informative public signals

▶ Two entrepreneurs with heterogeneous exposure to transition risk:∈ H,L
▶ P(Borrower = H) = λ

▶ Banks lend 1 unit of capital⇒ E[π] = pr − 1
▶ Transition risk: P(successful project) = pj; j ∈ {h, l}with terminal return = R (0 if

unsuccessful) - ph > pl

▶ Two banks
▶ Specialized (S - bank) - Better equipped to acquire information
▶ Non-Specialized (U - bank) - Less equipped to acquire information



Information Structure

▶ U - bank: No private information
▶ S - bank: imperfect and costly screening (exogenous decision) for a

borrower’s first-time application with private signal η ∈ {l, h} such that

Pr(η = h|H) = Pr(η = l|L) = ϕ ≥
1
2

and C(ϕ) =
(ϕ − 0.5)2

2

ϕ = Quality of private information
▶ Informative but imperfect exogenous public signal about transition risk after

lending in t = 1 (ηp)
▶ Costlessly observed by both banks

Pr(η = hp|H) = Pr(η = lp|L) = ϕp ≥
1
2



Assumptions and Timeline

▶ ph > pl and plR < 1 < phR, so that L-type borrowers are not-creditworthy, if
their type was observable

▶ No information externalities from screening
▶ None of the firms default in period 1 conditional on lending
▶ The informativeness level of ϕ is such that borrower with signals (l, lp) are not

creditworthy



Borrower success probabilities updated by S- and U- banks in
response to public signals

▶ Posterior success probabilities are defined as a linear combination of the
beliefs a bank had in period t = 1 and the Bayesian posterior after public
signal Initial borrower success probabilities after screening

▶ 0 < µ ≤ 1 - (exogenous) underreaction to public signals about transition risk
▶ The success probabilities used by the S-bank:

p(i, j) = µp(i) + (1 − µ)
[
P
(
H|η = i, ηp = j

)
ph + P

(
L|η = i, ηp = j

)
pl

]
∀i (private signal) ∈ {h, l};

j (public signal) ∈ {hp, lp}

▶ Success probabilities used by the U - bank are:

p(j) = µ
[
λph + (1 − λ)pl

]
+ (1 − µ)

[
P
(
H|ηp = j

)
ph + P

(
L|ηp = j

)
pl

]
∀j ∈ {hp, lp}

Bayesian posteriors after observing the public signal



Equilibrium interest rates

Proposition 1

The competition between the S-bank and the U-bank has a mixed strategy equilibrium
for borrowers facing both types of public signals. The common support for interest
rates for borrowers facing ηp = hp is [r̄hp , r̄lhp), and the common support for borrowers
facing ηp = lp is [r̄lp ,R). The S-bank does not bid for borrowers facing the signals
(l, lp).

Distribution function for offered interest rates Proof

▶ r̄hp < r̄lhp < r̄lp

▶ The U-bank bids over the whole interval and breaks even on average
▶ The S-bank bids the higher interest rate for more risky borrowers
▶ S-bank makes positive profits from borrowers with signal hhp and hlp, and break even

profits from lhp



Expected interest rate differentials varies with degree of
underreaction

Proposition 2

Conditional on any private signal from the screening process in the first period, the
expected interest rate will be higher for borrowers who receive a low public signal in
the second period, i.e. E

[
rllp

]
> E
[
rlhp

]
and E

[
rhlp

]
> E
[
rhhp

]
. The interest rate

differentials (at a given level of informativeness of screening and the public signal)
decrease as the under-reaction (i.e. µ) increases. Distribution function for offered interest rates Proof

▶ Less Bayesian banks⇒ lower interest rate differential between more and less
exposed borrowers

▶ ↑ underreaction (µ) + ↑ public signal informativeness (ϕp)⇒ sharply ↓
interest rate differential



Expected interest rate differentials and banks’ underreaction for
borrowers receiving η = h from screening

Note: X-axis - Underreaction; Y-axis - Interest rate differential between more and less exposed borrowers
For λ = 0.4, ph = 0.3, pl = 0.1

Interest rate differentials for borrowers receiving η = l from screening



Information acquisition varies with banks’ underreaction
Proposition 3

The informed lender facing λ, ph, pl optimally chooses ϕ∗ such that (i) ∀ ϕp ∃ µ̄ ∈ [0, 1] for
which ϕ∗(ϕp, µ > µ̄) = 1 and (ii) ∀ ϕp > 0.5, ϕ∗ increases non-monotically with µ ∈ [0, µ̄]

▶ Optimal private information
acquired (ϕ∗) ↑ as underreaction (µ)
↑ for highly informative public
signals (ϕp)

▶ Crowding-out effects of public
information (ϕp) on ϕ∗ ↓ as µ ↓

Second-period profits (π∗2) for S-bank and underreaction

π∗2 for the S-bank and public signal quality



Pricing of transition risk is weaker when financial stress is high
As p̄ = λph + (1 − λ)pl decreases

▶ Optimal private information (ϕ∗) for ϕp > 0.5 ↑ for µ < µ̄ =⇒ greater dependence on
private information during periods of poorer average borrower quality (low p̄)

▶ Threshold of underreaction (µ̄) beyond which the lender primarily depends on
private information decreases



Pricing of transition risk is weaker when financial stress is high

▶ For low p̄, even small levels of underreaction can result in ↓ interest rate
differential between more and less exposed borrowers, for medium to high ϕp



Conclusion

▶ Empirical findings show the importance of bank specialization in pricing
climate transition risks

▶ I explain it by incorporating underreaction in a model of costly information
acquisition Model

▶ Expected interest rate differentials are lower - in favor of more exposed borrowers as
banks underreact more to public information

▶ Increasing quality of public information does not adversely affect optimal private
information acquisition if banks’ underreaction is sufficiently high

Policy implication: Emission disclosures + transition risk management
frameworks will improve pricing of transition risk in corporate loans
▶ Underreaction can decrease the value of public information (policy/scientific communication)

in lending decisions - especially during times of high aggregate financial uncertainty
▶ Lowering the costs of information acquisition about firms’ climate change exposure

(standardized firm-level disclosures; stress-testing guidelines) important for financing towards
‘green’ projects
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Thank you for attending! All feedback is welcome.
Email: bsharma5@ucsc.edu

Webpage: www.bhavyaasharma.com



Transition Scenarios

Motivation



Firm-level climate risk indicators
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Firm-level climate risk indicators
Comparison with Environmental Political Risk from Hassan et al. (2019)
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Vocabulary to identify regulatory exposure

Data



Vocabulary to identify technological exposure

Data



Stylized facts on bank specialization and borrowers’ climate
transition risks



Data

▶ Syndicated loan data for non-financial firms from Dealscan from 2010 - 2022
for 61 countries
▶ Outcome: All-in-spread-drawn (AISD)
▶ Loan-level controls: Log(Loan amount), Log(Maturity), Collateral status,

Covenant status, Log(Number of banks in the syndicate)

▶ Borrower-specific controls - Compustat: Log(Total Assets), EBITDA/Total
Assets, Capex/Total Assets, Leverage ratio

▶ Measures of firm-level transition risk:
1. Scope 1 and 2 GHG emission intensity (in mn metric tonne CO2e per USD) -

Trucost

2. Sentiment scores derived from earnings calls related to climate regulations and
green technological opportunities (Sautner et al., 2023)

▶ Proxy for public information on transition risk exposure: Oil supply news
shock (Känzig, 2021)

Summary of empirical results



Bank lending and specialization

▶ Holding loan portfolios specialized in certain industries/sectors→
informational advantages for banks (Paravisini et al., 2023; Blickle et al., 2023;
Giometti et al., 2024)

▶ Degree of bank b’s specialization in industry s (NAIC-2 digit) one year (t − 1)
before the contract:

Sb,s,t−1 =

∑
i∈s Loanb,i,t∑

s
∑

i∈s Loanb,i,t∑
i∈s Loani,t∑

s
∑

i∈s Loani,t

▶ Focus on bank’s portfolio share relative to the other banks



Hypotheses

1. Specialized banks are pricing in transition risk for high transition risk
exposure firms

2. Specialized banks will charge higher rates to more exposed firms after a
global shock relevant for their transition risk exposure



Higher firm-level exposure to climate regulations associated with (i) Higher loan
rates (ii) Higher loan rates for loans made by specialized banks to E.U. firms

AISDf ,b,t = α + β1Riskf ,t−1 + β2Sb,j,t−1 + β3Sb,j,t−1 × Riskf ,t−1 + βf Xf ,t−1 + βlLf ,b,t + δf + δb,t + δj,t + δdp + ϵf ,b,t

All-in-spread-drawn (bps)
All EU US

Reg. Sentimentt−1 12.70∗∗ -17.77∗ 13.75∗∗

(4.84) (7.91) (4.99)
Specializationt−1 -25.05 -39.20 -5.44

(19.74) (28.19) (20.67)
Reg. Sentimentt−1 × Specializationt−1 -31.71 163.53∗ -14.66

(43.62) (66.52) (46.60)

R2 0.79 0.95 0.76
N 65,866 8,882 49,407

Note: All regressions include firm-level and loan-level controls and borrower, lender-year, and industry-year fixed effects.
All Risk Measures Negative Technological Exposure Emission Intensity
Summary of stylized facts



Oil supply news shocks
▶ Oil supply news shocks - High frequency variation in oil futures prices around OPEC

announcements (Känzig, 2021)
▶ Higher oil price expectations⇒ higher energy prices - Relevant signals for

energy-intensive firms
▶ Negative effects of supply shocks on equity returns of industries more exposed to

transition risks (Kilian and Park, 2007)
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Note: Carbon policy shock series estimated using changes in the EUA futures prices in windows around carbon regulatory events associated with
higher energy prices (Känzig, 2023); Oil Supply News Shock (Känzig, 2021)



Differential pricing of transition risk exposure after an oil supply
news shock

AISDf ,b,t = α + β1Riskf ,t−1 + β2Sb,j,t−1 + β3Sb,j,t−1Riskf ,t−1 + β4Shockt−i + β5Sb,j,t−1 × Shockt−i

+ β6Riskf ,t−1 × Shockt−i + β7Sb,j,t−1Riskf ,t−1 × Shockt−i + βf Xf ,t−1 + βlLf ,b,t + +δf + δb,t + δj,t + δdp + ϵf ,b,t

▶ No significant effects associated with negative exposure to climate regulations
for loan rates charged by specialized banks after an oil supply news shock
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Summary

▶ Specialized banks are better at pricing regulatory aspects of climate transition
risks

▶ Possible underreaction to market signals relevant for climate transition



Global COVOL events

Data



Evidence on belief updates: Data

▶ Change in county-level perception of short-run and long-run risks from climate
change between 2018 and 2020: Yale Climate Beliefs survey

▶ ‘Prior’ beliefs: County-level risk perception captured in 2014
▶ New public information: Number of Billion-dollar climate/weather events (NOAA)

between 2018 and 2020 (state-level)
▶ Controls: (i) Weather anomalies (ii) County demographics (iii) Political beliefs

Results - Beliefs Results - Policy Preferences Research Question



Does a major weather disaster affect beliefs about short-run and
long-run risks from climate change?

▶ Yes, but prior beliefs are positively associated with updates in beliefs
▶ Events impact longer-term risk perceptions by a higher extent than short-term

risks
▶ Medium-term history of events (between 2005 and 2017) also significant, but

by a quarter of the magnitude of the impact of recent events
▶ Interactive effects:

▶ Effect of recent events higher in states which have a higher update in average
beliefs between 2016 and 2018

▶ Effect of prior-beliefs slightly weakened with the occurrence of an additional
event between 2018 and 2019

▶ Substantial property damages have a positive significant effect on short-term
belief updates for counties with higher update in average beliefs between
2016 and 2018

Beliefs about short-run risks Beliefs about long-run risks Effect of damages on short-run beliefs Effect of damages on long-run beliefs

Short-run beliefs and county-specific disasters Long-run beliefs and county-specific disasters Research Question



Did climate policy preferences change with major weather disasters?

▶ Recent events (2018 and 2019) and event history in the medium-term
(2005-2017) have a positive and significant effect on the support for electricity
from renewable sources

▶ Magnitude of effect of recent events 5x larger than the effect of past event
history

▶ Lack of evidence for similar effect on preference for regulating CO2 as a
pollutant

▶ Compound risk (Acharya et al., 2023): Preferences different from the objective
probability of regulation or subsidies but increased demand for green energy
a probable source of transition risk

Preferences for regulating CO2 as a pollutant Preferences for requiring utilities to produce 20% electricity from renewable sources

Research Question



Estimated percentage who believe climate change might cause
moderate to strong harm in the short-run

Dependent variable: HarmUS2020−2018

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

HarmUS2014 0.065∗∗ 0.084∗∗∗ 0.059∗∗ 0.081∗∗∗ 0.054∗∗ 0.076∗∗∗

(0.025) (0.028) (0.024) (0.029) (0.025) (0.029)

Events1819 0.281 0.677∗∗∗ 0.577∗∗

(0.207) (0.262) (0.232)

Events0517 0.078∗ 0.153∗∗∗ 0.137∗∗∗

(0.041) (0.052) (0.046)

Share of votes (Republicans) 0.007 0.008 0.005 0.006
(0.005) (0.005) (0.005) (0.005)

Events1819 ×HarmUS2014 −0.005 −0.008∗ −0.007
(0.005) (0.005) (0.004)

Events0517 ×HarmUS2014 −0.002∗ −0.002∗∗ −0.002∗∗

(0.001) (0.001) (0.001)

Events1819 × RepublicanVoteShare −0.001∗ −0.001
(0.001) (0.001)

Events0517 × RepublicanVoteShare −0.0002∗ −0.0002
(0.0001) (0.0001)

Results - Beliefs



Estimated percentage who think global warming will harm future
generations a moderate amount/great deal

Dependent variable: Futuregen2020−2018

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

Futuregen2014 0.033 0.052∗∗ 0.039∗ 0.066∗∗∗ 0.033 0.060∗∗

(0.020) (0.022) (0.022) (0.024) (0.022) (0.025)

Events1819 0.559∗∗∗ 1.079∗∗∗ 0.976∗∗∗

(0.174) (0.260) (0.245)

Events0517 0.129∗∗∗ 0.238∗∗∗ 0.222∗∗∗

(0.034) (0.047) (0.045)

Share of votes (Republicans) 0.009∗∗ 0.011∗∗ 0.007 0.009∗

(0.004) (0.005) (0.005) (0.005)

Events1819 × Futuregen2014 −0.004 −0.009∗∗ −0.008∗∗

(0.003) (0.004) (0.004)

Events0517 × Futuregen2014 −0.001∗∗ −0.003∗∗∗ −0.002∗∗∗

(0.001) (0.001) (0.001)

Events1819 × RepublicanVoteShare −0.002∗∗∗ −0.001∗∗∗

(0.0005) (0.0005)

Events0517 × RepublicanVoteShare −0.0003∗∗∗ −0.0003∗∗∗

(0.0001) (0.0001)

Results - Beliefs



Impact of crop and property damages on the change in estimated percentage who believe climate

change might cause moderate to strong harm to the future generations
Futuregen2020−2018

(1) (2) (3)

Futuregen2014 0.020∗ −0.003 −0.006
(0.012) (0.017) (0.017)

Share of votes (Republicans) −0.001 −0.001
(0.002) (0.002)

Crop Damages (in $) - Quartile 4 0.147 0.208 0.234
(0.811) (0.829) (0.852)

Property Damages (in $) - Quartile 2 0.646 0.551 0.461
(0.609) (0.634) (0.618)

Property Damages (in $) - Quartile 3 0.851 0.699 0.560
(0.670) (0.676) (0.681)

Property Damages (in $) - Quartile 4 1.467∗∗ 0.986 0.906
(0.709) (0.679) (0.680)

Futuregen2014×Crop Damages (in $) - Quartile 4 −0.003 −0.004 −0.004
(0.014) (0.014) (0.014)

Futuregen2014×Property Damages (in $) - Quartile 2 −0.010 −0.009 −0.007
(0.010) (0.011) (0.010)

Futuregen2014×Property Damages (in $) - Quartile 3 −0.016 −0.013 −0.010
(0.011) (0.011) (0.012)

Futuregen2014×Property Damages (in $) - Quartile 4 −0.026∗∗ −0.017 −0.016
(0.012) (0.011) (0.011)

Observations 2,926 2,926 2,926
Adjusted R2 0.289 0.294 0.296



Impact of crop and property damages on the change in estimated percentage who believe climate

change might cause moderate to strong harm to the US in the short-run
HarmUS2020−2018

(1) (2) (3)

HarmUS2014 0.045∗∗∗ 0.021 0.019
(0.016) (0.017) (0.017)

Share of votes (Republicans) 0.001 0.0001
(0.002) (0.002)

Crop Damages (in $) - Quartile 4 −1.153∗ −0.826 −0.829
(0.620) (0.609) (0.618)

Property Damages (in $) - Quartile 2 0.487 0.458 0.444
(0.565) (0.574) (0.556)

Property Damages (in $) - Quartile 3 0.862 0.632 0.539
(0.818) (0.907) (0.887)

Property Damages (in $) - Quartile 4 1.093 0.502 0.493
(0.748) (0.760) (0.753)

HarmUS2014×Crop Damages (in $) - Quartile 4 0.025∗ 0.017 0.017
(0.013) (0.013) (0.013)

HarmUS2014×Property Damages (in $) - Quartile 2 −0.010 −0.009 −0.009
(0.012) (0.012) (0.011)

HarmUS2014×Property Damages (in $) - Quartile 3 −0.021 −0.015 −0.013
(0.017) (0.019) (0.019)

HarmUS2014×Property Damages (in $) - Quartile 4 −0.026∗ −0.011 −0.011
(0.016) (0.016) (0.016)

Observations 2,926 2,926 2,926
Adjusted R2 0.176 0.209 0.209



Estimated percentage who think global warming will harm future
generations a moderate amount/great deal
Effect of county-level disasters

(1) (2) (3)

(0.0149) (0.0228) (0.0215)
Disastercounty,2018−2020 0.0304 -0.5567 -0.6166

(0.2099) (0.6235) (0.5995)
Republican Vote Share -0.0059 -0.0067

(0.0039) (0.0040)
Futuregen2014 × Disastercounty,2018−2020 -0.0008 0.0063 0.0070

(0.0034) (0.0079) (0.0075)
Disastercounty,2018−2020 × Republican Vote Share 0.0030 0.0033

(0.0028) (0.0028)

County-level controls Yes Yes
Linear weather anomalies Yes
Quadratic weather anomalies Yes

R2 0.29130 0.30873 0.31123
Observations 3,104 2,618 2,618

State F.E. Yes Yes Yes

Results - Beliefs



Estimated percentage who believe climate change might cause
moderate to strong harm in the short-run
Effect of county-level disasters

(1) (2) (3)

HarmUS2014 0.0252 0.0022 -0.0010
(0.0187) (0.0176) (0.0164)

Disastercounty,2018−2020 -0.1449 -0.5932 -0.6658
(0.2463) (0.5360) (0.5329)

Republican Vote Share -0.0024 -0.0034
(0.0028) (0.0029)

HarmUS2014 × Disastercounty,2018−2020 0.0024 0.0093 0.0103
(0.0050) (0.0081) (0.0080)

Disastercounty,2018−2020 × Republican Vote Share 0.0023 0.0027
(0.0027) (0.0027)

County-level controls Yes Yes
Linear weather anomalies Yes
Quadratic weather anomalies Yes

R2 0.36292 0.23265 0.23488
Observations 3,104 2,618 2,618

State F.E. Yes Yes Yes

Results - Beliefs



Estimated percentage who support regulating CO2 as a pollutant
Estimated percentage who support regulating CO2 as a pollutant

Dependent variable: Regulate2020−2018

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

RegulateCO22014 0.024 0.057∗∗ −0.035∗∗∗ −0.025 −0.038∗∗∗ −0.027
(0.024) (0.027) (0.014) (0.018) (0.014) (0.018)

Events1819 0.210 0.181 0.117
(0.286) (0.141) (0.120)

Events0517 0.106∗∗ 0.050∗ 0.039
(0.045) (0.029) (0.026)

Share of votes (Republicans) −0.037∗∗∗ −0.038∗∗∗ −0.037∗∗∗ −0.038∗∗∗

(0.003) (0.003) (0.003) (0.003)

RegulateCO22014 × Events1819 −0.002 −0.001 −0.001
(0.004) (0.002) (0.002)

RegulateCO22014 × Events0517 −0.001∗∗ −0.001 −0.0005
(0.001) (0.0004) (0.0004)

Events1819× Share of votes (Republicans) 0.00001 0.0001
(0.0005) (0.001)

Events0517× Share of votes (Republicans) 0.00005 0.0001
(0.0001) (0.0001)

Results - Policy Preferences



Estimated percentage who support requiring utilities to produce 20%
electricity from renewable sources

Dependent variable: SupportRPS2020−2018

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

supportRPS2014 −0.051∗∗∗ −0.034∗∗ −0.078∗∗∗ −0.072∗∗∗ −0.081∗∗∗ −0.075∗∗∗

(0.014) (0.015) (0.015) (0.017) (0.016) (0.017)

Events1819 0.406∗∗∗ 0.483∗∗∗ 0.412∗∗∗

(0.109) (0.137) (0.124)

Events0517 0.094∗∗∗ 0.092∗∗∗ 0.080∗∗∗

(0.019) (0.027) (0.025)

Share of votes (Republicans) −0.026∗∗∗ −0.025∗∗∗ −0.027∗∗∗ −0.026∗∗∗

(0.004) (0.003) (0.004) (0.003)

supportRPS2014 × Events1819 −0.001 −0.002 −0.001
(0.002) (0.002) (0.002)

supportRPS2014 × Events0517 −0.001∗∗ −0.0005 −0.0004
(0.0004) (0.0004) (0.0004)

Events1819×Share of votes (Republicans) −0.001∗∗∗ −0.001∗∗

(0.0004) (0.0004)

Events0517×Share of votes (Republicans) −0.0002∗∗∗ −0.0002∗∗∗

(0.0001) (0.0001)

Results - Policy Preferences



All Risk Results - No specialization

All-in-spread-drawn (bps)
All All All All EU EU EU EU US US US US

Reg. Sentimentt−1 8.16 8.05 -16.56 -16.91 8.35 8.83
(4.20) (4.21) (10.81) (10.72) (4.95) (4.87)

Scope 1 and 2 emission intensityt−1 1.13 0.93 5.13 5.84 -1.32 -1.89
(2.67) (2.67) (9.41) (9.04) (2.80) (2.80)

Tech. Sentimentt−1 -4.01 -4.06 -0.72 -0.63 -0.81 -0.74
(3.59) (3.59) (7.76) (7.82) (3.83) (3.86)

Firm-level controls ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Loan-level controls ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

R2 0.76424 0.76416 0.76419 0.76428 0.89877 0.89867 0.89866 0.89879 0.72248 0.72240 0.72239 0.72250
N 52,474 52,474 52,474 52,474 8,468 8,468 8,468 8,468 36,379 36,379 36,379 36,379

Borrower fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Lender-Year fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Industry-Year fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Deal-Purpose fixed effects ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Note: Firm-level and loan-level variables controlled for. All columns present results with borrower fixed effects, lender-year fixed effects and

industry-year fixed effects Regulatory Exposure × Specialization



Negative technological exposure and bank specialization

All-in-spread-drawn (bps)
All EU US

Tech. Sentimentt−1 -2.32 -1.87 1.09
(3.56) (7.52) (3.86)

Specializationt−1 -0.15 -19.68 21.30
(20.64) (34.67) (21.31)

Tech. Sentimentt−1 × Specializationt−1 -56.84 37.96 -61.85
Firm-level controls ✓ ✓ ✓
Loan-level controls ✓ ✓ ✓

R2 0.76029 0.89845 0.71866
N 51,662 8,250 36,024

Borrower F.E. ✓ ✓ ✓
Lender-Year F.E. ✓ ✓ ✓
Industry-Year F.E. ✓ ✓ ✓
Deal-Purpose F.E. ✓ ✓ ✓

Negative Reg. Exposure × Specialization



Emission Intensity and Bank Specialization

All-in-spread-drawn (bps)
All EU US

Scope 1 and 2 emission intensityt−1 1.00 5.83 -1.72
(2.63) (9.51) (2.73)

Specializationt−1 -30.81 94.44 -62.69
(47.52) (100.14) (49.97)

Emission Intensityt−1 × Specializationt−1 5.16 -26.11 18.23
(11.01) (23.77) (11.90)

R2 0.76029 0.89845 0.71866
N 51,662 8,250 36,024

Borrower F.E. ✓ ✓ ✓
Lender-Year F.E. ✓ ✓ ✓
Industry-Year F.E. ✓ ✓ ✓
Deal-Purpose F.E. ✓ ✓ ✓

Negative Reg. Exposure × Specialization



Does pricing of negative regulatory exposure by specialized banks
change after a carbon price shock?
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Does pricing of negative technological exposure by specialized
banks change after an oil supply news shock?

●
●

●

●

−300

−200

−100

0

100

200

1 2 3 4
Quarters after shock

A
IS

D
 (

bp
s)

US: Specialization x Negative Exposure (Tech) x Oil Supply News Shock

●

●

●

●

−500

0

500

1 2 3 4
Quarters after shock

A
IS

D
 (

bp
s)

EU: Specialization x Negative Exposure (Tech) x Oil Supply News Shock

Negative regulatory exposure × Specialized banks × Oil supply news shock



Does pricing of emission intensity by specialized banks change after
an oil supply news shock?
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All firms - regulatory exposure - news shock
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All firms - technological exposure - news shock

● ●

●

●

−200

−100

0

100

200

1 2 3 4
Quarters after shock

A
IS

D
 (

bp
s)

All: Specialization x Negative Exposure (Tech) x Oil Supply News Shock

Summary of empirical results



All firms - emissions - news shock
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Definitions: Borrower success probabilities after screening

▶ Posterior probabilities of beliefs about the borrowers after the S-bank gets the
screening signal η:
▶ P(type = H|η = h) = λϕ

ϕλ+(1−ϕ)(1−λ) = H

▶ P(type = L|η = h) = (1−λ)(1−ϕ)
ϕλ+(1−ϕ)(1−λ) = 1 −H

▶ P(type = L|η = l) = ϕ(1−λ)
ϕ(1−λ)+(1−ϕ)λ = L

▶ P(type = H|η = l) = λ(1−ϕ)
ϕ(1−λ)+(1−ϕ)λ = 1 − L

▶ Corresponding probabilities for a project on observing η:
▶ p(h) = P(Returns = R|η = h) = Hph + (1 −H)pl
▶ p(l) = P(Returns = R|η = l) = (1 − L)ph + Lpl

▶ Initial success probability for each project for the non-screening (U) bank:
λph + (1 − λ)pl

▶ Breakeven interest rates for each lender: r̄x =
1

p(x)
Success probabilities after non-Bayesian updating



Definitions: Bayesian posterior after observing public signal ηp

▶ Bayesian posteriors for project success after the S-bank gets the public signal
ηp:
▶ p(hhp) = λϕϕpph+(1−λ)(1−ϕ)(1−ϕp)pl

λϕϕp+(1−λ)(1−ϕ)(1−ϕp)

▶ p(lhp) = λ(1−ϕ)ϕpph+(1−λ)ϕ(1−ϕp)pl

λ(1−ϕ)ϕp+(1−λ)ϕ(1−ϕp)

▶ p(hlp) = λϕ(1−ϕp)ph+(1−λ)(1−ϕ)ϕppl

λϕ(1−ϕp)+(1−λ)(1−ϕ)ϕp

▶ p(llp) = λ(1−ϕ)(1−ϕp)ph+(1−λ)ϕϕppl

λ(1−ϕ)(1−ϕp)+(1−λ)ϕϕp

▶ Bayesian posteriors for project success after the U-bank gets the public signal
ηp:
▶ p(hp) = λϕpph+(1−λ)(1−ϕp)pl

λϕp+(1−λ)(1−ϕp)

▶ p(lp) = λ(1−ϕp)ph+(1−λ)ϕppl

(1−λ)ϕp+λ(1−ϕp)

Success probabilities after non-Bayesian updating



Interest rate distributions for the Informed bank
Equilibrium interest rates Expected interest rate differential

Equilibrium profits for both banks must be the same for any r in the common
support derived in Proposition 1 for the banks to not deviate. Consequently:
▶ From the U-bank’s expected profits conditional on observing the public signal

hp for a borrower 1:

P(η = h|ηp = hp)(p(hhp)r − 1)(1 − F
hhp
I (r)) + Pr(η = l|ηp = hp)(p(lhp)r − 1) = 0

⇒ F
hhp
I (r) = 1 −

1 − p(lhp)r
p(hhp)r − 1

·
Pr(η = l|ηp = hp)
P(η = h|ηp = hp)

▶ From the U-bank’s expected profits conditional on observing the public signal
lp for a borrower2:

P(η = h|ηp = lp)(p(hlp)r − 1)(1 − F
hlp
I (r)) + Pr(η = l|ηp = lp)(p(llp)r − 1) = 0

⇒ F
hlp
I (r) = 1 −

1 − p(llp)r
p(hlp)r − 1

·
Pr(η = l|ηp = lp)
Pr(η = h|ηp = lp)

1because the S-bank does not bid below r̄lhp
2because the S-bank does not bid for borrowers facing the signal llp , which implies that F

llp
I (r) = 0



Interest rate distributions for the Uninformed bank
Equilibrium interest rates Expected interest rate differential

▶ From the S-bank’s expected profits conditional on observing the public signal
hp for a borrower 3:

(p(hhp)r̄hp − 1) = (p(hhp)r − 1)(1 − Fhp

U (r))

⇒ Fhp

U (r) = 1 −
p(hhp)r̄hp − 1

p(hhp)r − 1

▶ From the S-bank’s expected profits conditional on observing the public signal
lp for a borrower4:

(p(hlp)r̄lp − 1) = (p(hlp)r − 1)(1 − Flp
U(r))

⇒ Flp
U(r) = 1 −

p(hlp)r̄lp − 1

p(hlp)r − 1
3because the U-bank does not bid below r̄hp
4because the U-bank does not bid below r̄lp



Distribution function of interest rates

▶ Fj(r) - Cumulative distribution function of interest rates offered by bank j
; j ∈ {I,U}

▶ To compare the effect of belief updates on the interest rates, I calculate the
expected interest rates for borrower group j where j ∈ {hhp, lhp, lhp, llp}

E
[
min{rj

I, r
j
U}
]
=

∫ upper bound

lower bound
rdF(r); where F(r) = Fj

I(r) + Fj
U(r) − Fj

I(r)Fj
U(r)

Equilibrium interest rates Expected interest rate differential



Proof: Proposition 1
▶ r̄hhp < r̄hp < r̄lhp∀ ϕp ≥

1
2 and r̄hlp < r̄lp < r̄llp∀ ϕp ≥

1
2

▶ For borrowers facing public signal ηp = hp, the breakeven interest rate for the U-bank

is rhp

U = r̄hp =
1

p(hp) . At this interest rate, the U-bank is able to capture the hp borrowers
for sure. The S-bank has informational advantage and can distinguish between hhp
and lhp borrowers. Charging r̄hp to the hhp borrowers, the S-bank makes positive

profits since r̄hp p(hhp) − 1 = p(hhp)
p(hp) − 1 > 0, and hence, it has no reason to charge below

this interest rate.
▶ For the lhp borrower is r̄lhp =

1
p(lhp) > r̄hp . With repeated undercutting, the S-bank

charges r̄lhp in pure-strategy, and makes zero profits.
▶ By definition of ϕ̄, the S-bank does not lend to the llp borrower. The U-bank captures

any lp borrower at the breakeven interest rate r̄lp =
1

p(lp) , and to maintain the
borrower’s participation constraint, it will not charge any borrower more than R.
Since, r̄hlp =

1
p(hlp) < r̄lp , the S-bank will make positive profits by charging r̄lp . So, the

lower bound for the support for interest rate charged to the lp borrower is r̄lp

Proposition 1



Mathematical Proof: Proposition 2 - I
Given the structure of the distribution functions for interest rates for different borrower groups, for borrowers who received a low signal from private
screening conducted by the S-bank in the first period:

Flhp (r) = 1 −

 (p(hhp)r̄hp − 1)

(p(hhp)r − 1)


Fllp (r) = 1 −

 (p(hlp)r̄lp − 1)

(p(hlp)r − 1)


⇒ E

[
rllp

]
− E
[
rlhp

]
=

∫ R

r̄lp

rdFllp (r) −
∫ r̄lhp

r̄hp

rdFlhp (r)

=

∫ R

r̄lp

p(hlp)r̄lp − 1)phlp

p(hlp)r − 1)2 rdr −
∫ r̄lhp

r̄hp

p(hhp)r̄hp − 1)phhp

p(hhp)r − 1)2 rdr

=
p(hlp)r̄lp − 1

p(hlp)

ln
 p(hlp)R − 1

p(hlp)r̄lp − 1

 −
 1

p(hlp)R − 1
−

1
p(hlp)r̄lp − 1




−

p(hhp)r̄hp − 1

p(hhp)

ln
 p(hhp)r̄lhp − 1

p(hhp)r̄hp − 1

 −
 1

p(hhp)r̄lhp − 1
−

1
p(hlp)r̄hp − 1




which is > 0 ∀ ϕ,ϕp ≥
1
2

and µ ∈ [0, 1]

Proposition 2



Mathematical Proof: Proposition 2 - II

Similarly, for borrowers who received a high signal from private screening conducted by the S-bank in the first period:

Fhhp (r) = 1 −

 (1 − p(lhp)r)(p(hhp)r̄hp − 1)

(p(hhp)r − 1)2

 [ Pr(η = l|ηp = hp)

Pr(η = h|ηp = hp)

]

Fhlp (r) = 1 −

 (1 − p(llp)r)(p(hlp)r̄lp − 1)

(p(hlp)r − 1)2

 [ Pr(η = l|ηp = lp)

Pr(η = h|ηp = lp)

]

⇒ E
[
rhlp

]
− E
[
rhhp

]
=

∫ R

r̄lp

rdFhlp (r) −
∫ r̄lhp

r̄hp

rdFlhp (r)

Proposition 2



Mathematical Proof: Proposition 2 - III
Substituting Pr(η = l|ηp = hp) and Pr(η = h|ηp = hp) as ’c’ and ’d’ respectively (for the compactness of expressions) and Substituting Pr(η = l|ηp = lp)
and Pr(η = h|ηp = lp) as ’a’ and ’b’ respectively (for the compactness of expressions), we get

E
[
rhlp

]
− E
[
rhhp

]
=


(
p(hlp)r̄lp − 1

) (
p(hlp) + a

b p(llp)
)
+ a

b

(
p(hlp) − p(llp)

)
p(hlp)2

 ln
 p(hlp)R − 1

p(hlp)r̄lp − 1


+


(
p(hlp)r̄lp − 1

) (
p(hlp) + a

b

(
3p(llp) − 2p(hlp)

))
+ a

b

(
p(hlp) − p(llp)

)
p(hlp)2


 1

p(hlp)r̄lp − 1
−

1
p(hlp)R − 1


+

 a
b

(
p(hlp)r̄lp − 1

) (
p(llp) − p(hlp)

)
p(hlp)2


 1(

p(hlp)r̄lp − 1
)2 − 1(

p(hlp)R − 1
)2


−


(
p(hhp)r̄hp − 1

) (
p(hhp) + c

d p(lhp)
)
+ c

d

(
p(hhp) − p(lhp)

)
p(hhp)2

 ln
 p(hhp)r̄lhp − 1

p(hhp)r̄hp − 1


−


(
p(hhp)r̄hp − 1

) (
p(hhp) + c

d

(
3p(lhp) − 2p(hhp)

))
+ c

d

(
p(hhp) − p(lhp)

)
p(hhp)2


 1

p(hhp)r̄hp − 1
−

1
p(hhp)r̄lhp − 1


−

 c
d

(
p(hhp)r̄hp − 1

) (
p(lhp) − p(hhp)

)
p(hhp)2


 1(

p(hhp)r̄hp − 1
)2 − 1(

p(hhp)r̄lhp − 1
)2


which is > 0 ∀ ϕ,ϕp ≥
1
2

and µ ∈ [0, 1]

Proposition 2



Interest rate differentials for borrowers receiving η = l from screening

Interest rate differentials for borrowers receiving η = h from screening



Definitions: Expected second-period profits conditional for the
Informed bank
Conditional on screening signal

▶ Ex-ante profits of the Informed bank conditional on the signal received
through screening

πI = P(ηp = hp|η = h)(p(hhp)r̄hp − 1) + P(ηp = lp|η = h)(p(hlp)r̄lp − 1) −

(
ϕ − 0.5

)2
2

Maximum profits and µ



Maximum profits (π∗2) sharply increases as µ increases

Expected second-period profits for the Informed bank



π∗2 decreases with ϕp



Information acquisition, prior-conformity, and project success
probabilities

(p) p̄success = 18% (q) p̄success = 40%

Discussion
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