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Climate change is one of the biggest challenges 
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Impact on firms
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Physical risk: Impact 
today on assets from 
climate and weather 
related events

Transition risk: 
financial risk 
resulting from the 
process of 
adjustment towards 
a lower-carbon 
economy 



When?
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Most of these effects are in the future, but the expectation of 
the effect has an immediate impact on how investors see the 
firm value.

The importance they attach to it depends on the concerns about 
climate change.



Sources of concerns

Societal debateEnvironmental impact

Business impact Research
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Green firms’ 
stock price

Brown firms’ 
stock price

Event increasing 
media concerns 
about climate 
change

Narrative of our study: impact on firm value
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Channels of price impact
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𝑃𝑡 = 

𝑖=1

∞
𝐶𝐹𝑡+𝑖

𝑒

(1 + 𝑘𝑡 )𝑖
 

Shocks in climate change concerns affect 
stock valuation from two channels:

• Change in expected cash-flow 
(e.g., expectation about new 
regulation, consumer preferences, 
stranded assets, new 
opportunities)

• Investors’ discount factor (risk 
premium + taste)



Model of Pastor et al. (2020) 
assumes that investors can 
derive utility from owning 
green firms and disutility from 
owning brown firms. 

Model predicts that:
1. Brown firms' stocks 

outperform green firms' 
stocks in the long run.

2. Green firms’ stocks 
outperform brown ones 
when climate change 
concerns strengthen 
unexpectedly 

Theory
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We test this hypothesis using news data
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We test this using (standardized) GHG intensity
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Greener BrownerAverage

GHG intensity = 
yearly GHG CO2 equivalent emission 

yearly revenue



Green firms outperform brown firms…

… on days with unexpectedly large concerns about climate change

 

Main take-aways for investors and managers
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You thus need to monitor the concerns about climate change, and 
more broadly ESG

… we founded a university spinoff that does this: Sentometrics: 
Transparent alerts about company involvement in ESG 

controversies

…. All companies: listed and non listed

…. Matches as well with the regulation (CSRD, SFDR)

 

Main take-aways for investors and managers
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Outline
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1. Capturing climate change concerns

2. Testing the prediction

3. Thematic analysis



The concern that consumers, investors and policymakers have 
about climate change.

Latent variable.

• Could be measured using surveys. Problem: No backward 
analysis, low-frequency. 

• Our approach: Question the news about climate change 
concerns by means of an index 

 

 

Climate change concerns
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Availability at high-frequency: real-time + archives. 

Descriptive of the events that have happened

Direct relationship to concerns by investors through two channels: 
• Agenda setting (McCombs and Shaw (1972)): the importance 

that people attribute to an issue is influenced by the attention 
that media devote to this issue.

• Framing (Druckman (2004)): the way mass media report about 
issues influences people’s attitudes and evaluations about 
those issues

Increased awareness and negative perception of climate change 
by the media will increase their concern. 

Motivation for using media news
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1. Choice of relevant US newspapers [those with the highest 
circulation] 

2.    Selection of relevant articles [those that discuss “Climate 
Change”, as tagged by Factiva, ProQuest and LexisNexis + 
remove articles discussing market performance]

3. Extraction of the concern about climate change expressed 
in the article

4. Aggregation into one number by day. 

Implementation
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Steps 1 and 2

Very high circulation US 
newspapers (above 500k 
daily).

News data from January 
2003 to June 2018. 

Climate change tag by 
Factiva, LexisNexis and 
ProQuest.

Remove texts discussing 
stock market performance 
to mitigate reverse causality
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Frequency: media attention
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2009 Copenhagen 
UN  climate change 
conference

2016 Paris 
Agreement

2017 Trump 
withdraws 
from Paris 
Agreement

2003-2018 
Monthly climate 
change news 
intensity



Step 3: News Article-Level Concerns Score

Definition of concern: 

“Something that makes you feel worried”

  Dictionary approach to quantifying risk of negative outcomes
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Step 3: News Article-Level Concerns Score

We take a lexicon approach:

For each article:
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concern = 100 ×
# 𝑟𝑖𝑠𝑘 𝑤𝑜𝑟𝑑𝑠

# 𝑤𝑜𝑟𝑑𝑠
×

# 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑤𝑜𝑟𝑑𝑠

# 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑤𝑜𝑟𝑑𝑠+# 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑤𝑜𝑟𝑑𝑠

These lexicons are retrieved from the LIWC2015 software (Pennebaker et al., 2015). 

https://liwc.wpengine.com/. 

https://liwc.wpengine.com/


Republicans and Democrats in congress acted responsibly in passing a billion-aid bill for 

victims of hurricane Sandy. Having utilities charge a few more pennies a month on 

electric bills for improvements to power plants that would curb manmade global 

warming is more prudent than having congress write big checks after each disaster 

pollution controls. Concern about climate change isn’t treehugging. The military sees it 

as a threat to national security. Insurance firms track it to adjust policy rates. The dollars 

that congress is allocating for disaster argue for a more proactive approach. Lawmakers 

of both parties need to get serious finally about this environmental threat.

𝑁 = 105

𝐶𝑜𝑛𝑐𝑒𝑟𝑛?

Example

𝑅𝑊 = 6

𝑁𝑊 = 4
𝑃𝑊 = 3

Risk level Level of negativity
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𝐶𝑜𝑛𝑐𝑒𝑟𝑛 = 100 ∗
6

105
∗

4−3

4+3
+1

2
= 3.2

Concern Scoring Articles

𝑅𝑊 = 6

𝑁𝑊 = 4
𝑃𝑊 = 3

𝑁 = 105
Risk level Level of negativity

Republicans and Democrats in congress acted responsibly in passing a billion-aid bill for 

victims of hurricane Sandy. Having utilities charge a few more pennies a month on 

electric bills for improvements to power plants that would curb manmade global 

warming is more prudent than having congress write big checks after each disaster 

pollution controls. Concern about climate change isn’t treehugging. The military sees it 

as a threat to national security. Insurance firms track it to adjust policy rates. The dollars 

that congress is allocating for disaster argue for a more proactive approach. Lawmakers 

of both parties need to get serious finally about this environmental threat.
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𝐶𝑜𝑛𝑐𝑒𝑟𝑛 = 100 ∗
6

105
∗

4

4+3
= 3.26  

𝑅𝑊 = 6

𝑁𝑊 = 4
𝑃𝑊 = 3

𝑁 = 105
Risk level Level of negativity

Republicans and Democrats in congress acted responsibly in passing a billion-aid bill for 

victims of hurricane Sandy. Having utilities charge a few more pennies a month on 

electric bills for improvements to power plants that would curb manmade global 

warming is more prudent than having congress write big checks after each disaster 

pollution controls. Concern about climate change isn’t treehugging. The military sees it 

as a threat to national security. Insurance firms track it to adjust policy rates. The dollars 

that congress is allocating for disaster argue for a more proactive approach. Lawmakers 

of both parties need to get serious finally about this environmental threat.

Concern Scoring Articles
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Per news source s, we compute for each news source the total 
concern expressed for each day: 

                                                                                  (reach x intensity)

 

Step 4: Aggregation across articles per day
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𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑠𝑡,𝑠 = 

𝑛=1

𝑁𝑡,𝑠

𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑠𝑛,𝑡,𝑠 = 𝑁𝑡,𝑠 × 𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑠𝑡,𝑠



We then obtain the media climate change concern by taking 
the average across the different news sources standardized 
concerns   

Step 4: Aggregation across newspapers
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𝑀𝐶𝐶𝐶𝑡 =
1

𝑆


𝑠=1

𝑆
𝑐𝑜𝑛𝑐𝑒𝑟𝑛𝑠𝑡,𝑠

𝜎𝑠



Media Climate Change Concerns Index
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Unexpected component of MCCC

Expected changes in concerns about climate change should 
already be priced (i.e., prices should not move on expected 
events). 

Thus, we need to extract the unexpected part of our index.
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Unexpected component of MCCC

Expected changes in concerns about climate change should 
already be priced (i.e., prices should not move on expected 
events). 

Thus, we need to extract the unexpected part of our index.

We use the prediction error from an ARX(1) model to get a proxy 
of unexpected changes in climate change concerns for each day.

𝑈𝑀𝐶𝑡 = 𝑀𝐶𝐶𝐶𝑡 − ො𝛼 + ො𝜌𝑀𝐶𝐶𝐶𝑡−1 + 𝛾′𝑋𝑡
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Expectation

UMC will be our state variable
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ARX to remove confounding effects



1. Capturing climate change concerns

2. Testing the prediction

3. Thematic analysis

Outline
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We focus on S&P 500 firms for the period 2010-2018.

We use their GHG intensity of the previous year to make green 
(lowest 25%) and brown (highest 25%) portfolios.

Portfolios are equally-weighted. 

 

Universe and Greenness
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For each portfolio, we have a daily return series, which we 
regress on the unexpected climate change concern index and 
control variables:  

Universe and Greenness
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𝑟𝐺,𝑡 = 𝑐𝐺 + 𝛽𝐺𝑈𝑀𝐶𝑡 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝐺,𝑡

𝑟𝐵,𝑡 = 𝑐𝐵 + 𝛽𝐵𝑈𝑀𝐶𝑡 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝐵,𝑡

𝑟𝐺,𝑡 − 𝑟𝐵,𝑡 = 𝑐𝐺𝑀𝐵 + 𝛽𝐺𝑀𝐵𝑈𝑀𝐶𝑡 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝐺𝑀𝐵,𝑡

Prediction from Pastor et al. (2020): 𝛽𝐺 > 0, 𝛽𝐵 < 0, and 𝛽𝐺𝑀𝐵 > 0
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𝛽𝐺 > 0   
𝛽𝐵 < 0  
𝛽𝐺𝑀𝐵 > 0

|𝛽𝐺| > |𝛽𝐺|



Robustness to controls used and cutoff
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The portfolio analysis captures an average effect of green versus 
brown stocks. 

Stocks differ in terms of their carbon footprint, as measured by 
their greenhouse gas emission intensity.

Heterogeneity: We expect that the impact of climate change 
concerns on firm value depends on the GHG emission.

 

The panel of stock returns
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A simple model for firm value:

   

  We expect 𝛽𝑙𝐺𝐻𝐺 < 0

 

 

A simple model for firm value
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𝑉𝑖,𝑡 = 𝑉𝑖,𝑡−1 exp 𝑐 + 𝛽 + 𝛽𝑙𝐺𝐻𝐺𝑙𝐺𝐻𝐺𝑖,𝑡 𝑈𝑀𝐶𝑡

with 𝛽𝑙𝐺𝐻𝐺 < 0 such that the more polluting the firm is, 
the more it loses equity value on days with increased climate 
change concern (cashflow effect + discount rate)

Note if 𝑈𝑀𝐶𝑡=0, then only a drift in firm value. 



A simple model for firm value:

   

The corresponding regression model is obtained by taking logs 
and adding controls and error terms:

with 𝛽𝑙𝐺𝐻𝐺 < 0 such that the more polluting the firm is, 
the more it loses equity value on days with increased climate 
change concern (cashflow effect + discount rate)

From firm value to returns
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𝑟𝑖,𝑡 = ln 𝑉𝑖,𝑡 − ln 𝑉𝑖,𝑡−1 = 𝑐 + 𝛽 + 𝛽𝑙𝐺𝐻𝐺𝑙𝐺𝐻𝐺𝑖,𝑡 𝑈𝑀𝐶𝑡 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠 + 𝜖𝑖,𝑡

𝑉𝑖,𝑡 = 𝑉𝑖,𝑡−1 exp 𝑐 + 𝛽 + 𝛽𝑙𝐺𝐻𝐺𝑙𝐺𝐻𝐺𝑖,𝑡 𝑈𝑀𝐶𝑡

with 𝛽𝑙𝐺𝐻𝐺 < 0  



𝛽𝑙𝐺𝐻𝐺 in the panel of stock returns
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Non-Disclosure

Several firms do not disclose GHG emissions data.

Are they exposed to unexpected changes in climate change 
concerns?

We use the industry average at each point in time to estimate the 
GHG intensity level of non-disclosing firms.

Findings: No significant deviation compared to firms that disclose. 
They are still exposed to unexpected change in climate change 
concerns.
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1. Capturing climate change concerns.

2. Empirical results.

3. Thematic analysis. 

Outline
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We have used one index 

Climate change concerns cover different themes

More granularity by making a UMC index for each theme

RQ1: Which themes?

RQ2: Does it impact the performance of green and brown 

stocks?

RQ3: Is it a cashflow or discount effect?

Concern about climate change
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Expected Topics of Discussion

Societal debateEnvironmental impact

Business impact Research
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A topic model is textual analysis method for discovering in an 
unsupervised way the   "topics" that occur in a collection of 
documents.

Each document is a mixture of subjects and each subject is 
described as a set of words with given probabilities.

We use the Correlated Topic Model of Blei et al. (2006), which 
allows for correlation between topics and gives more coherent 
(and interpretable) topics.

Topic model
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PHYSICAL 
RISK 

TRANSITION 
RISK

TRANSITION 
RISK

PHYSICAL 
RISK 
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Frequency: media attention

48

2009 Copenhagen 
UN  climate change 
conference

2016 Paris 
Agreement

2017 Trump 
withdraws 
from Paris 
Agreement



Per article, we know
- The concern 
- The thematic probability

- Thematic climate change concerns index is then obtained by 
averaging across their product: 

      
           thematic probability x concern
   

 
 

Aggregation to thematic concerns
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They capture different concerns
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51
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Conclusion

Motivation: While greenness of firms is only slowly varying, the 
concerns about climate change can be rapidly varying. This can 
have substantial price impact. 

• Empirical result is new:  Possible thanks to the MCCC and UMC 
index

• Confirms theory by Pastor, Stambaugh and Taylor (2021)
• Result is robust: portfolio approach, panel approach
• Impact depends on the carbon footprint of the firm and theme 

(main impact from transition risk)

 

 53



Want more?
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www.sentometrics.com 

http://www.sentometrics.com/
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