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Main Findings

This study empirically examines the relationship among firm-
level carbon intensity, firm characteristics, and stock returns.

 Based on 75,638 observations of U.S. firms from 2005 to 
2015, we construct EMI (“[carbon] efficient-minus-
inefficient”) portfolio based on firm-level carbon intensity.

 We find that EMI portfolio exhibits a large positive 
cumulative return since 2009. 

 Using multi-factor asset pricing models, we find that EMI 
portfolio is not well priced by well-known risk factors 
(market, size, value, operating profitability, investment, 
and momentum)



 By estimating factor-loadings of industry portfolios, we 

find that EMI portfolio has explanatory power that is 

independent from well-known risk factors. 

 Carbon-efficient firms tend to be those with lower book-to-

market ratios, higher ROA, higher Tobin’s q, higher free 

cash flows and cash holdings, higher coverage ratios, 

lower leverage ratios, and higher dividend payout ratios. 
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Motivation

 investors lack understanding of market evaluation of firm’s 

decarbonization actions  investment barrier

 What kinds of firms are efficient or inefficient in terms of 

carbon emission? 

 What does it mean to invest in carbon-efficient firms? 

?



Literature Review

How EP (environmental performance) and FP (financial 
performance) are related? 

 “Traditionalist” view: corporate EP is not compatible with 
profit maximization  (-) relationship

 “Revisionist” view: EP can be a source of a firm’s 
competitiveness  (+) relationship

 “Neo-classical” view: The relationship can be (+) or (-) 
depending other factors (regulation, governance, etc)

 Thus, it can be an empirical question and is important to 
address endogeneity problem



Empirical Approaches

 Event studies

 Events include oil spills, law violation, etc

 Not easy to generalize the results

 Typical regression analysis

 Effect of ESG-related effort on cost of capital, firm value, etc

 Need to address endogenity issues

 Asset pricing models

 Cohen et al. (1995): “environmental leaders” outperform 

“environmental laggards”

 Puopolo et al. (2015): no linear relationship between green standard 

and stock returns

 ET Index Research (2015): EMI (“efficient-minus-intensive”) portfolio 

exhibits a large positive cumulative return from 2009



Distinct Value of this Study

Different from previous studies, 

 we measure carbon intensity based on the actual amount 

of GHG emissions, not self-reported ESG ratings. 

 we apply multi-factor asset pricing models with a broader 

set of factors

 we examine the firm-level characteristics that earns extra 

returns in stock market (ongoing subject)



Data Description

 Sample: 

• 75,638 observations of 739 U.S. firms during January 

2005 – December 2015

 Data:

• Trucost for carbon intensity

• KLD (Kinder, Lydenberg, Domini and Company) for ESG 

ratings

• Compustat for financial variables

• CRSP for stock prices/returns

• Fama-French website



Key Variables

 Measures of firm’s carbon intensity:

• Absolute GHG emissions: direct emissions from 

operations (Scope 1), indirect emission from purchased 

electricity (Scope 2) and other supply chain emissions 

(Scope 3)

• Carbon intensity: absolute GHG emissions divided by 

revenue

• External cost: sum of direct and indirect external cost of 

carbon emission

• Impact ratio: external cost/revenue



Summary Statistics, by Industry



Research Design

EMI Portfolio & 
its Market 

Performance

• Sort stocks into 10 market capitalization groups and 3 

carbon intensity groups at the end of each month, and 

construct the EMI portfolio

Pricing EMI 
Portfolio with 
Risk Factors

• Perform GRS test to see if well-known risk factors can 

price the EMI portfolio. 

• Models of consideration: CAPM model, Fama-French 3-

factor model, Fama-French 4-factor model, and Fama-

French 5-factor model 

Industry 
Portfolios & 

Bivariate-Sorted 
Portfolios

• Estimate the factor loadings of 12 industry portfolios to 

see if EMI portfolio can explain industry portfolio

Carbon Intensity 
& Firm 

Characteristics

• Examine the average values of firm-level characteristics 

(e.g. financial, managerial) by quartiles defined by four 

decarbonization variables



Constructing EMI Portfolio

 We define carbon intensity as (GHG emission/revenue) to 
adjust for a firm’s size  low carbon intensity implies 
‘efficient’ firms

 We sort stocks into 10 market capitalization groups and 3 
carbon intensity groups at the end of each month, and 
construct the EMI portfolio:

EMI = 0.5*(small efficient + big efficient) 

– 0.5*(small inefficient + big inefficient)

 By double-sorting on size and carbon intensity, we 
attempt to address the industry-specific carbon intensity

 We also use different definitions of EMI portfolio



Performance of EMI Portfolio

 With varying definitions of EMI portfolios, they exhibit 

large positive cumulative returns, especially from 2009



GRS Test

 Is it alpha? Or compensation for bearing additional risk?

 We use market excess return, SMB, HML, RMW, CMA, 

WML to capture the risk (or styles) related to beta, size, 

value, operating profitability, investment, and momentum 

 CAPM, Fama-French 3-factor, FF3 + momentum, FF 5-

factor model



GRS Test

From 2009, an investment strategy that purchases shares 

of efficient firms and sells shares of inefficient firms earns 

abnormal returns of 7.7~8.9 percent per year. 



Can EMI Price Other Portfolio Returns?

 EMI portfolio prices industry portfolios even in the 

presence of well-known risk factors

 For carbon-intensive industries such as utilities, energy, 

and manufacturing, we obtain negative factor loadings on 

EMI portfolio.





What Drives Positive Alphas?

 Are carbon-efficient firms better firms? Or riskier firms? 

 In what senses? 

 Carbon-efficient firms tend to be those with lower book-to-

market ratios, higher ROA, higher Tobin’s q, higher free 

cash flows and cash holdings, higher coverage ratios, 

lower leverage ratios, and higher dividend payout ratios. 



Carbon Intensity and Firm Characteristics



Future Research Directions

 In what mechanisms do those carbon-efficient firms 

outperform in stock markets? 

 Is it related to unidentified risk? Or is it related to 

governance and other characteristics? 



Implications

Firms 

Policy 
Makers

to re-allocate their 

capital on the basis of 

decarbonization 

to consider carbon intensity 

in their investment decision-

making process 

to develop policies that 

consider externalities 

associated with carbon 

emission 
to invest more toward 

decarbonization by 

reducing uncertainty 

Institutional 
Investors

Private
Investors

Information on 
market valuation of  

firm’s decarbonization
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