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Motivation

• Air pollution can be an important non-financial consideration in 
investment decisions. 

• China is one of the most polluted countries. 

• As the Chinese government’s efforts to improve air quality, investors 
are increasingly aware of the importance of sustainability. 

• Previous studies link China’s air pollution to investor behaviors.

• Li et al. (2019 JFE), Huang et al. (2020 MS): air pollution affects 
investors’ mood and significantly increases the disposition effect. 

• We argue that air pollution affects investor preference and 
investment choice to create environmental change. 

• Combating air pollution has become a critical social norm (Becker, 
1957; Arrow, 1972; Hong and Kacperczyk, 2009) in China.

Source: China Daily Asia, “Beijing sees first red alert over smog” By 
Zheng Jinran (December 7, 2015)



Research Questions

• Our research question: 

• Do Chinese ESG funds underperform conventional funds?

• Do investors are willing to pay for environmental impact? How much? 

• Unlike ESG or SRI investing, impact investors are willing to forgo financial returns for non-pecuniary benefits. 

• Barber et al. (2021, JFE) study impact funds and show that investors accept 2.5–3.7 ppts lower IRRs. 

• Our paper is different from previous study in that we 
(1) suggest that ESG funds act as impact investments in a specific circumstance (high air pollution period), 
and,
(2) thus, sacrifice financial returns in exchange for clean air. 



Hypotheses development 

• There are competing hypotheses regarding ESG funds’ future performance. 

• Underperform conventional funds because their screening process constrains the investment universe (Renneboog
et al., 2008, 2011). 

• Outperform conventional funds because ESG screens may eliminate poorly managed firms with underperforming 
stocks (Edmans, 2011; In et al., 2019). 

• Nevertheless, most literature shows that SRI funds perform similarly to conventional funds (Renneboog et al., 2008, 
2011) or significantly underperform (El Ghoul and Karoui, 2017). 

• Barber et al. (2021) investors are willing to accept lower financial returns for impact investing. 

• Willingness-to-pay (WTP) models investors accept 2.5–3.7 ppts lower IRRs ex ante for impact funds. 

H1: ESG funds underperform conventional funds following the high air pollution period.



Data: ESG and non-ESG sample

• Base fund sample: China’s open-end equity and equity-oriented hybrid funds (2014-2020).

• Obtain from CSMAR: fund TNA, age, turnover, expense, fund return on a quarterly basis

• ESG funds

• Identified 127 pan-ESG mutual funds by the Syntao Green Finance and China SIF (as of October 2020).

• The number (% TNA) of ESG funds was 11 (1.4%) in 2014 and has increased to 42 (6.6%) in 2020. 

• Environmental fund accounts for the highest majority of ESG funds to pursue environmental sustainability. 



Data: ESG and non-ESG sample

• Matching Non-ESG funds

• Propensity score matching methodology 
(fund TNA, fund family TNA, fund return, fund 
family return, alpha, and expense ratio) 

• Conduct a 3:1 nearest neighbor matching, 
results in 38 ESG funds and 109 non-ESG 
funds. 

• After matching, the average fund size, age, 
flows, and performance of the ESG funds 
are similar to those of the non-ESG funds. 



Data: Air Quality Index

• World Air Quality Index (www.aqicn.org) with an open 
data framework. 

• Since 2014, has provided city-based daily concentrations of air 
pollutants such as PM2.5, PM10, nitrogen dioxide, etc. 

• PM2.5: can enter the bloodstream, directly affect human health

• Construct 𝐴𝑄𝐼_𝑃𝑀 at a quarterly frequency:

𝐴𝑄𝐼𝑡 =෍

𝑖=1

10

𝐴𝑄𝐼𝑖,𝑡

• 10 largest cities: Beijing, Chengdu, Chongqing, Guangzhou, 
Hangzhou, Nanjing, Shanghai, Shenyang, Tianjin, and Wuhan.

1. by population

2. tier 1 and tier2 cities to consider the extent of 
economic and financial development

3. exclude adjacent cities within one province to consider 
geographical distribution. 

Source: www.aqicn.org

http://www.aqicn.org/


Data: Air Quality Index

• Identify high (low) air pollution periods based on 
the median value of the sample period. 

• Assuming that AQI affects aggregate investor 
preference, use the nationwide time-series variation 
in AQI. 

• China was exposed to unhealthy air quality. 

• The average 𝐴𝑄𝐼 was 123 μg/m3.

• high 𝐴𝑄𝐼 periods: average 141.7 μg/m3, max. value 
of 173.4 μg/m3 , mostly issuing “red alert.”

• low 𝐴𝑄𝐼 periods: average 105.5 μg/m3



Empirical analysis

(1) Air pollution and Fund future performance → Panel regression

(2) Ex-ante willingness-to-pay estimation → develop a discrete choice model

(3) Ex-post performance estimation → estimate portfolio alpha

(5) Robustness tests 



Empirical results (H1) 

• To examine the future performance of ESG funds following the high air pollution period, we use the 
following regression model:

𝑨𝒍𝒑𝒉𝒂𝒊,𝒕 = 𝛼 + 𝛽1𝐸𝑆𝐺𝑖 + 𝛽2𝑬𝑺𝑮𝒊 ∗ 𝑨𝑸𝑰𝒕−𝟏
𝑯𝒊𝒈𝒉

+ 𝛽3𝐴𝑄𝐼𝑡−1
𝐻𝑖𝑔ℎ

+ γ𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖,𝑡−1 + 𝜀𝑖,𝑡+1

• 𝐴𝑙𝑝ℎ𝑎𝑖,𝑡: the future risk-adjusted performance of fund 𝑖 in quarter 𝑡 based on the CAPM, Fama and French’s (1993) 
three-factor model, and Carhart’s (1997) four-factor model, respectively.

• 𝐸𝑆𝐺𝑖: a dummy variable equal to one if a fund 𝑖 is the ESG fund.

• 𝐴𝑄𝐼𝑡−1
𝐻𝑖𝑔ℎ

: a dummy variable equal to one if the quarter 𝑡-1 lies in the high air pollution periods and zero otherwise.

• The control variables include fund size, age, expenses, fund return volatility, and past fund flows.

• We adjust standard errors for clustering at the time level. 



Empirical results (H1) 

→ Support H1: ESG funds underperform conventional funds following the high air pollution period.



Empirical results (ex-ante WTP) 

• If ESG investors derive their utility primarily from non-financial considerations and care less about financial 
performance than conventional investors, we expect that they are willing to sacrifice returns.

• We develop a discrete choice model following Barber et al. (2021). We begin with a random utility model in 
which investors face a binary choice of whether to invest in fund 𝑖:  

𝑦𝑖
∗ = 𝑓 𝔼 𝑟𝑖 , 𝑋𝑖 , 𝐴𝑄𝐼, 𝑒𝑖

• 𝔼[𝑟𝑖 ] represent the expected return

• 𝑋𝑖 is the observable vector of nonprice fund characteristics such as fund size, age, and expense

• AQI represents the air quality index that enters into the investment decision of the environmentally-conscious investors

• 𝑒𝑖 is an error term representing unobserved attributes



Empirical results (ex-ante WTP) 

• We use logit estimation with the base sample of equity mutual funds. 

• The dependent variable is assigned one of two outcomes: 1 = invest in ESG funds (ESG fund has positive fund 
inflows) and 0 = not invest in ESG funds. The probability that we observe 𝑦𝑖 = 1 is given by: 

Pr 𝑦𝑖 = 1 = 𝛼 + 𝜷 ∗ 𝔼 𝑟𝑖 + 𝛾′ ∗ 𝑋𝑖 + 𝜹 ∗ 𝐴𝑄𝐼 + 𝜀𝑖

• 𝔼[𝑟𝑖 ] is the quarterly expected returns calculated by the CAPM, Fama and French’s (1993) three-factor model, and 
Carhart’s (1997) four-factor model. 

• 𝑋𝑖 is a vector of fund attributes, including fund size, age, and expenses at quarter-end immediately preceding the 
investment. 

• 𝐴𝑄𝐼 is the standardized value of 𝐴𝑄𝐼 in the quarter immediately preceding the investment. 

• The WTP for ESG funds is derived from the equation as follows: 

𝑊𝑇𝑃 = = −
𝜕𝔼 𝑟

𝜕𝐴𝑄𝐼
= −

𝜕 Pr 𝑦=1

𝜕𝐴𝑄𝐼

𝜕 Pr 𝑦=1

𝜕𝔼 𝑟

= −
𝛿

𝛽



Empirical results (ex-ante WTP) 

• WTP estimate = 3.5% (= 0.056/1.585) in Column (1) 

• Overall, investors are willing to give up 1.6%-4.9% of ESG funds for clean air. 



Empirical results (ex-post alpha) 

• Following the methodology in Nofsinger and Varma (2014), we calculate a separate risk-adjusted abnormal 
return of the high AQI and low AQI periods. 

• The model specification with Carhart’s (1997) four-factor model is as follows: 

𝑟𝑡 − 𝑟𝑓,t
= 𝛼𝐿𝑜𝑤𝑳𝒐𝒘𝑨𝑸𝑰𝒕 + 𝛼𝐻𝑖𝑔ℎ𝑯𝒊𝒈𝒉𝑨𝑸𝑰𝒕 + 𝛽𝑀𝐾𝑇 𝑟𝑚𝑘𝑡,t − 𝑟𝑓,t + 𝛽𝑆𝑀𝐵𝑆𝑀𝐵𝑡 + 𝛽𝐻𝑀𝐿𝐻𝑀𝐿𝑡 + 𝛽𝑈𝑀𝐷𝑈𝑀𝐷𝑡 + 𝜀𝑡

• 𝑟𝑡 : the monthly return on an equally weighted portfolio of funds in month 𝑡

• 𝑟𝑓,t: the risk-free rate

• 𝑟𝑚𝑘𝑡,t : the value-weighted market index return

• 𝐻𝑖𝑔ℎ𝐴𝑄𝐼𝑡(𝐿𝑜𝑤𝐴𝑄𝐼𝑡): a dummy variable that is equal to one if the previous three-month rolling average of monthly AQI is above 
(below) the median value and zero otherwise. 

• 𝑆𝑀𝐵𝑡: the difference in returns between a small-cap portfolio and a large-cap portfolio

• 𝐻𝑀𝐿𝑡 : the difference in returns between a portfolio of high book-to-market stocks and a portfolio of low book-to-market stocks

• 𝑈𝑀𝐷𝑡 : the difference in returns between a portfolio of past 12-month winners and a portfolio of past 12-month losers. 



Empirical results (ex-post alpha) 

• Alphas for the ESG funds are not significantly different from the conventional fund alphas.

• Following the low AQI periods, the ESG fund alpha is not significantly different from the non-ESG fund alpha. 

• Following the high AQI periods, the ESG funds significantly underperform 4.4 to 4.8% the non-ESG funds. 



Robustness tests

(1) Alternative specification of AQI
• 𝐴𝑄𝐼_ℎ𝑞𝑖,𝑡−1

𝐻𝑖𝑔ℎ
: a dummy variable equal to one if the value of the PM2.5 index of the city where the respective fund 𝑖’s headquarters is 

located is above the median cross-sectional value in quarter 𝑡-1. 
• Results are not changed. 

(2) Supply-side fund managers’ decisions
• The environmental concerns can affect fund managers’ decisions and motivate them to create new ESG funds. 
• 𝐸𝑆𝐺𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑗,𝑡 = Λ(𝐿𝑛𝐹𝑎𝑚𝑇𝑁𝐴𝑗,𝑡 , 𝑁𝑢𝑚𝐹𝑎𝑚𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑗,𝑡 , 𝑁𝑢𝑚𝐸𝑆𝐺𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑡, 𝐸𝑆𝐺𝑅𝑒𝑡𝑢𝑟𝑛𝑡) +𝜀𝑗,𝑡
• AQI does not affect the fund manager’s inception decision (supply-side channel). 

(3) Ex-post alpha: inclusion of ESG factor
• To further investigate fund performance and exposure to an ESG factor, we include 𝐸𝑆𝐺 factor. 
• ESG funds have significantly higher exposure to the 𝐸𝑆𝐺 factor than non-ESG funds.
• ESG funds underperform their conventional matching funds following the high air pollution periods.

(4) DID tests on funds’ future performance
• To mitigate a potential endogenous concern, we use the difference-in-difference analysis on funds’ future performance. 
• On January 1, 2016, the Chinese New Air Prevention and Control Law came into effect to curb greenhouse gas emissions.
• The governmental actions to implement the New Air Law may reduce air pollution and may cause a decrease in the 

underperformance of ESG funds. 



Summary: empirical results

• This study shows that Chinese ESG funds act as impact investments and thus sacrifice financial returns in 
exchange for clean air. 

• During the high air pollution period, 

• the flow-performance relationship of ESG funds becomes weaker 

• investors are likely to invest in ESG funds, ESG funds underperform conventional funds following the 
high air pollution period.

• ESG investors may sacrifice their return for clean air, 

• willing to pay 1.6%-4.9% on the ex-ante basis

• yield 4.4%-4.8% lower risk-adjusted abnormal returns than non-ESG based on the ex-post alpha 
estimation.



Contribution

• To the best of our knowledge, this is one of the pioneering studies that relate air pollution to ESG 
mutual funds in China. 

• Taking a holistic approach to the overall assessment of flows and performance. 

• Extends the literature on ESG investor behaviors in emerging markets. 

• We provide new evidence that investors are willing to pay for environmental impact and ESG 
funds act as impact investment products during high air pollution periods. 

• Provide ex-ante WTP and ex-post fund alpha calculations. 



Appendix



Robustness test (1): alternative specification of AQI

• 𝐴𝑄𝐼_ℎ𝑞𝑖,𝑡−1
𝐻𝑖𝑔ℎ

: a dummy variable equal to one if the value of the PM2.5 index of the city where the respective fund 𝑖’s 
headquarters is located is above the median cross-sectional value in quarter 𝑡-1. 

• Consistent with the results in Table 3, further support H1. 



Robustness tests (2): supply-side decisions

• The environmental and sustainability concerns can affect fund managers’ supply-side decisions and motivate them to 
create new ESG funds. 

𝐸𝑆𝐺𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑗,𝑡 = Λ(𝐿𝑛𝐹𝑎𝑚𝑇𝑁𝐴𝑗,𝑡, 𝑁𝑢𝑚𝐹𝑎𝑚𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑗,𝑡, 𝑁𝑢𝑚𝐸𝑆𝐺𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑡 , 𝐸𝑆𝐺𝑅𝑒𝑡𝑢𝑟𝑛𝑡) +𝜀𝑗,𝑡

• 𝐸𝑆𝐺𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑗,𝑡: a dummy variable equal to one when a fund family 𝑗 has inception of an ESG fund in a given quarter 𝑡 and 
zero otherwise. 

• 𝐿𝑛𝐹𝑎𝑚𝑇𝑁𝐴𝑗,𝑡 : the natural logarithm of fund family TNA in quarter 𝑡. 

• 𝑁𝑢𝑚𝐹𝑎𝑚𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑗,𝑡 : the number of any mutual fund inception by fund family 𝑗 in quarter 𝑡.

• 𝑁𝑢𝑚𝐸𝑆𝐺𝐼𝑛𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑡 : the number of ESG fund inception in the whole market in quarter 𝑡.

• 𝐸𝑆𝐺𝑅𝑒𝑡𝑢𝑟𝑛𝑡 : the equal-weighted return of ESG funds in a 12-month period ending at the end of the quarter 𝑡. 



Robustness tests (2): supply-side decisions  

• AQI does not affect the fund manager’s inception decision (supply-side channel). 

• However, family fund size and the equal-weighted return of ESG funds are positively associated with the new inception of ESG 
funds. 



Robustness tests (3): ex-post alpha- inclusion of ESG factor 

• To further investigate fund performance and exposure to an ESG factor, we include 𝐸𝑆𝐺𝑡 factor. 

• 𝐸𝑆𝐺𝑡 : the excess return of the ESG benchmark index. 

• We use the value-weighted return of the indices of CNI EP Index (index code: 399358), CNI CSR Index (index code: 399369), 
and CNI Corporate Governance Index (index code: 399322) 

• ESG funds have significantly higher exposure to the 𝐸𝑆𝐺 factor than non-ESG funds.

• ESG funds underperform their conventional matching funds following the high air pollution periods. 



Robustness tests (4): DID tests on funds’ future performance

• To mitigate a potential endogenous concern, we use the difference-in-difference analysis on funds’ future performance. 

• On January 1, 2016, the Chinese New Air Prevention and Control Law came into effect to curb greenhouse gas emissions. 

• We use the following specification:

𝐴𝑙𝑝ℎ𝑎𝑖,𝑡 = 𝛼 + 𝛽1𝐸𝑆𝐺𝑖 ∗ 𝑃𝑜𝑠𝑡𝑡−1 + 𝛽2𝐸𝑆𝐺𝑖 + 𝛽3𝑃𝑜𝑠𝑡𝑡−1 + 𝛾′𝐶𝑜𝑛𝑡𝑜𝑙𝑠𝑖,𝑡−1 + 𝜀𝑖,𝑡

• 𝐴𝑙𝑝ℎ𝑎𝑖,𝑡: the future risk-adjusted performance fund 𝑖 in month 𝑡 based on the Carhart’s (1997) four-factor model

• 𝐸𝑆𝐺𝑖 : a dummy variable equal to one if the fund is the ESG fund

• 𝑃𝑜𝑠𝑡𝑡 : a dummy variable equal to one if month 𝑡 is in the period after the law came into effect (2016-2017) and 
zero if month 𝑡 is in the period before the law (2014-2015)

• 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖,𝑡 includes fund size, age, expenses, fund return volatility, and past fund flows



Robustness tests (4): DID tests on funds’ future performance

• The governmental actions to implement the New Air Law may reduce air pollution and 
may cause a decrease in the underperformance of ESG funds. 



Robustness tests (4): DID tests on funds’ future performance

• To differentiate the impact investing hypothesis from the regulation hypothesis, we compare the 
underperformance of ESG vs. non-ESG funds that took place before the regulatory shutdown (the 
pre-law period) to the underperformance of ESG vs. non-ESG funds that took place after the regul
atory shutdown (the post-law period). The DID test results show that first, a larger difference in u
nderperformance is found between the two sets of pre-law period (5.851% (t-statistic = 2.35)), an
d second, insignificant difference during the post-law period (0.065% (t-statistics = 0.045)). Thus, t
he DID results support the impact investing hypothesis more than the regulation hypothesis beca
use, during the pre-law period, ESG funds significantly underperform the non-ESG funds.



Robustness tests (4): DID tests on funds’ future performance

Panel A. Univariate specification

Alpha (t-statistic)

Pre-law period

ESG (Treated) -19.17 -

Non-ESG (Control) -13.32 -

Diff -5.851** (-2.350)

Post-law period

ESG (Treated) 0.887 -

Non-ESG (Control) 0.822 -

Diff 0.065 (0.045)

Diff-in-diff 5.916** (1.961)

Observations 2787

R-squared 0.0469
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