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Global efforts to achieve net-zero carbon emissions by 2050 and mitigate climate change are intensively 

driven by capital market functions, including ESG investing. In this context, we have previously 

developed an ESG Asset Pricing Model (Ishijima and Maeda 2008), which extends conventional asset 

pricing models (Cochrane 2005). In our model, the asset price is the sum of the present value of future 

cash flows and ESG dividends. ESG dividends are a bundle of benefits related to environmental, social, 

and governance factors, such as reducing carbon emissions. Because ESG dividends are non-financial, 

they are converted to monetary value using the extended stochastic discount factor. Our model represents 

a concept called the double bottom line (DBL) for ESG investing. While the ESG Asset Pricing Model 

is theoretically compelling, it is difficult to conduct empirical studies to demonstrate the DBL in the 

market. To this end, this paper develops an ESG Factor Model that is theoretically equivalent to the ESG 

Asset Pricing Model. Since the ESG Factor Model is represented in a linear regression form, empirical 

studies to demonstrate DBL can be easily implemented. In the literature, much empirical work -

including Bolton and Kacpercが (2021,2023) -has been devoted to finding DBL in the market. In this 

regard, this study serves as a foundation for empirical research to show whether or not ESG investing 

allows us to achieve DBL. As a typical application, Bolton and Kacperczyk (2021, 2023) used a version 

of the ESG Factor Model to show carbon risk premiums in the stock market. 

The remainder of this paper is organized as follows: In Section 2, we develop an ESG Factor Model 

based on the ESG Asset Pricing Model. We also discuss its features and applications. Section 3 

concludes. 

* This paper was presented at the 2024 RIMS Workshop on Financial Modeling and Analysis, supported by 
the Research Institute for Mathematical Sciences, an International Joint Usage/Research Center at Kyoto 
University. We thank Professor Makoto Goto, Professor Motoh Tsujimura (organizers), and the participants 
for their comments. We remark that we are planning to submit the extended version in which some parts of 
this paper might be included. 
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2. ESG Factor Models 

Ishijima and Maeda (2018) developed an asset pricing model for ESG investing, which is briefly 

reviewed below. They assume an economy in which N assets are traded in discrete time t = 0,1,… 

and consider a representative agent investing in asset i (= 1,…,N). At each point in discrete time t, 

asset i is traded at price Pi,t・ The agent invests in a portfolio consisting of N assets. The agent has an 

initial endowment at any point in discrete time t. She then earns income Yt and consumes non-durable 

goods Ct. She invests in a portfolio 6t consisting of N assets by imposing self-fmancing. At time 

t + 1, she receives dividends Di,t+l and closes her investment position by selling the portfolio at price 

Pi,t+l. By investing in a unit amount of asset i at time t, the agent can consume bi,t+l = 

(bik,t+l),,=,...,,, amount ofESG attribute k (= 1,…，K) at time t + 1. Th k=1,•••,K e representative agent will 

receive the expected utility from the consumption of non-durable goods, Ct, as well as that of the ESG 

attribute, bi,t, along a discrete-time horizon from the present to the future. She maximizes her expected 

utility, subject to the consumption dynamics of non-durable goods and those of ESG attributes. In 

conjunction with market clearings at any point in discrete time t (= 0,1,…)，the first-order necessary 

condition (FOC) gives an equilibrium asset price of EGS investing as Theorem 1. 

Theorem 1 (ESG Asset Pricing Model. Ishijima and Maeda 2018) 

At any discrete time, an equilibrium asset price of ESG investing is endogenously given in perfect 

competition. 

加＝局[(Di,t+1+ Pi,t+1) ・ M恥]+局［0.bi,t+l. Mい］ (1) 

where we define the intertemporal marginal rate of substitution (/MRS) by Mft+l := o ・ 

(8u(：悶：t＋1)／竺；tム））． Inaddition, we define the intertemporal marginal rate of substitution between 
the consumption of ESG attributes and non-durable goods, which we will call "ESG-IMRS, " Mft+l := 

珈 (Ct+1,Zt+1)／Ou(Ctみ）
azt+1 act 

．ロ

The ESG Asset Pricing Model is theoretically compelling. However, it is not adequate for use in 

empirical analyses to show DBL in the market. To this end, this paper develops an ESG Factor Model 

that can be easily used for such empirical analyses and is theoretically equivalent to the ESG Asset 

Pricing Model. 
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Theorem 2 (ESG Factor Model) 

Under certain technical assumptions, the ESG Asset Pricing Model is equivalent to the ESG Factor 

Model, where the risk premium of each asset is a linear combination of the risk premium of ESG factors, 

including carbon emissions.ロ

The ESG Factor Model has many favorable features for conducting empirical analyses to show DBL for 

ESG investing. Also, a typical application of the ESG Factor Model is the regression model used in 

Oshika et al. (2009), Saka and Oshika (2011), Bolton and Kacperczyk (2021, 2023), Ishijima et al. 

(2024a, 2024b) to estimate the carbon risk premium in the stock market as shown below. 

R;,t =at・ C02;,t + c~CTRL;,t + T • 1{TIME t) + Y ・ 1{sECTOR n + 1/ ・ 1{FIRM i) + E;,t (2) 

In the regression model, the dependent variable is the stock return observed in the market, Ri,t (i = 

1,…,n; t = 1,…，T), and the independent variable of interest is, C02i,t, carbon emissions. The 

regression coefficient, at, represents the carbon risk premium -the percentage increase in the stock 

price if it emits a unit of carbon dioxide. In this regard, this study serves as a basis for empirical research 

to show whether or not ESG investing allows us to achieve DBL. 

3. Conclusion 

We have developed an ESG Factor Model equivalent to the ESG Asset Pricing model, which allows us 

to perform sophisticated empirical analyses of ESG investing. In our future work, we plan to apply our 

model to show the double bottom line in both the fmancial and real estate markets. 
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