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1. We study whether carbon emissions affect the cross-section of US stock returns. We
find that stocks of firms with higher total carbon dioxide emissions (and changes in
emissions) earn higher returns, controlling for size, book-to-market, and other return
predictors.

2. We cannot explain this carbon premium through differences in unexpected profitability
or other known risk factors.

3. We also find that institutional investors implement exclusionary screening based on
direct emission intensity (the ratio of total emissions to sales) in a few salient
Industries.

4. Overall, our results are consistent with an interpretation that investors are already

demanding compensation for their exposure to carbon emission risk.

iy K%

shanxi umiversiey



- B A

FEFERIAR . IKTET(E EE . Bl S HAR 2 DR 00 (el 1) 28 B LR 2 R RFIEZ )
BRAFBCR B = B~ A TR 2 S SR el . XM B R B AU SR BE v A 2 Bl 3k

FIBL R PR AR o

> B 9L H B

A BT T BRI BE 2 B AT AL KB R AR TR, SRR GEHIR
WA R T BRI E T




> Introduction®| =

Many studies seek to explain the cross-sectional pattern of stock returns based on
exposures to aggregate risk factors such as size and book-to-market ratios, or firmspecific
risk linked to observable firm characteristics. One variable that has so far been missing
from the analysis is corporate carbon emissions.

The lack of consensus among institutional investors around climate change naturally
raises the possibility that carbon risk may not yet be reflected in asset prices. To find
out, in this paper we systematically explore whether investors demand a carbon risk
premium by looking at how stock returns vary with CO2 emissions across firms and
industries.We undertake a standard cross-sectional analysis, asking whether carbon
emissions affect cross-sectional US stock returns.

One Our study is related to a rapidly growing literature on climate change and

financial markets.
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1.5
=R B AR HE R B -
#—, RBHEH/KE (the total level of emissions)

B, HREZEED (the year-by-yearchangeinemissions)
F=, HEREE (emission intensity,which measures carbon emissions per

unit of sales.)
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Variable Mean Median Std. Dev.
Panel A: Emission variables
Log (Carbon Emissions Scope 1 (tons COze)) 10.55 10.47 2.95
Log (Carbon Emissions Scope 2 (tons CO,e)) 10.52 10.66 2.36
Log (Carbon Emissions Scope 3 (tons CO,e)) 12.31 12.46 2.25
Growth Rate in Carbon Emissions Scope 1 (winsorized at 2.5%) 0.08 0.03 0.36
Growth Rate in Carbon Emissions Scope 2 (winsorized at 2.5%) 0.14 0.05 0.45
Growth Rate in Carbon Emissions Scope 3 (winsorized at 2.5%) 0.09 0.06 0.24
Carbon Intensity Scope 1 (tons CO,e/USD m.)/100 (winsorized at 2.5%) 1.92 0.15 5.88
Carbon Intensity Scope 2 (tons CO,e/USD m.)/100 (winsorized at 2.5%) 034 0.18 0.46
Carbon Intensity Scope 3 (tons CO,e/USD m.) /100 (winsorized at 2.5%) 1.58 0.98 1.59
Carbon Intensity Direct (winsorized at 2.5%)/100 212 0.16 6.45
Carbon Intensity Indirect (winsorized at 2.5%)/100 1.04 0.58 131
GHG Direct Impact Ratio (winsorized at 2.5%) 0.75 0.06 2.29
GHG Indirect Impact Ratio (winsorized at 2.5%) 0.71 0.47 0.68
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Panel B: Cross-sectional return variables

RET (%) 1.14 1.08 10.84
LOGSIZE 8.25 8.25 1.57
B/M (winsorized at 2.5%) 0.50 0.39 0.41
LEVERAGE (winsorized at 2.5%) 0.24 0.22 0.18
MOM (winsorized at 0.5%) 015 011 0.45
INVEST/A (winsorized at 2.5%) 0.05 0.03 0.05
ROE (winsorized at 2.5%, in%) 9.76 11.32 21.23
HHI 0.82 1.00 0.24
LOGPPE 6.22 6.34 2.26
BETA 1.10 1.05 0.44
VOLAT (winsorized at 0.5%) 0.10 0.08 0.06
SALESGR (winsorized at 0.5%) 0.02 0.03 0.30
EPSGR (winsorized at 0.5%) 0.01 0.00 0.43

Panel C: Time-series variables

MKTRF (in%) 0.70 1.06 4.08
HML (in%) 0.00 ~022 2.57
SMB (in%) 0.07 0.04 2.26
MOM (in%) 0.07 0.36 453
CMA (in%) 0.02 ~0.06 139
BAB (in%) 0.49 0.74 2.66
LIQ (in%) 0.15 0.38 3.59
NET ISSUANCE (in%) 0.51 0.55 1.65
IDIO VOL (in%) ~0.18 0.03 527

Panel D: Ownership variables

10 (in%) 76.84 82.93 2222
I0O_BANKS (in%) 0.10 0.07 0.16
IO_INSURANCE (in%) 0.35 0.13 3.11
I0_INVESTCOS. (in%) 18.19 18.37 8.64
IO_ADVISERS (in%) 4394 46.11 15.39
IO_PENSIONS (in%) 3.40 3.51 231
I0_HFS (in%) 10.87 773 10.04
PRINV (winsorized at 0.5%) 0.05 0.03 0.11
VOLAT (winsorized at 0.5%) 0.10 0.08 0.06
VOLUME (in $million) (winsorized at 2.5%) 0.44 0.21 0.56
NASDAQ 0.30 0.00 0.46

SP500 037 0.00 0.48
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We begin our analysis by investigating the determinants of scope 1, scope 2, and

scope 3 emissions. (B 4G: BRAMTMAERHR A e R RH#HIT . )

We then turn to the evaluation of the carbon return premium in the crosssection

of stocks. (FIR, BATEMEAE XI5k BB BT BIIPE . D

We next explore the time-series properties of the cross-sectional carbon premium

with respect to well-known risk factors. (485, BATTIRITE BRI I E 8] 5 %F
M5BT A M KR FHRR. D

Finally, we consider the divestment hypothesis by looking at institutional

ownership patterns. (&5, BRATELH RV IEBURARS BHE B, D
“a YU R
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Table 7
Determinants of carbon emissions.

The sample period is 2005-2017. The dependent variables are natural logarithm of total emissions, percentage change in total emissions, and carbon intensity. All variables are defined in Table 1. We report
the results of the pooled regression with standard errors clustered at the firm level and year (in parentheses). All regressions include year-month fixed effects and industry-fixed effects. ***1% significance;
**5% significance; *10% significance.

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Variables LOG (SCOPE 1) LOG (SCOPE 2) LOG (SCOPE 3) ASCOPE 1 ASCOPE 2 ASCOPE 3 SCOPE 1 INT SCOPE 2 INT SCOPE 3 INT
LOGSIZE 0.438%=+ 0.571%= 0.572%+* 0.026**= 0.026*** 0.027=+* -0.118* 0.002 —0.021=*
(0.036) (0.032) (0.022) (0.008) (0.008) (0.006) (0.063) (0.006) (0.009)
B/M 0.464== 0.555%** 0.562=+ —0.033++ —0.038 —0.041+* —-0.003 0.003 0.000
(0.060) (0.059) (0.054) (0.015) (0.021) (0.017) (0.107) (0.010) (0.013)
ROE 0.006=** 0.006*** 0.007+=+ —0.002#=* —0.002%= —0.001%*= -0.002 —0.000 0.000
(0.001) (0.001) (0.001) (0.000) (0.001) (0.000) (0.002) (0.000) (0.000)
LEVERAGE 0.531+* 0.625%** 0.574==+ 0.026 0.010 0.019 0.364 0.002 —0.056*
(0.196) (0.188) (0.162) (0.020) (0.030) (0.023) (0.230) (0.030) (0.030)
INVEST/A —2.026%** —1.950%** —2.457= 0.676*** 0.706%** 0.530°** —-0.586 —0.067 —0.446°*
(0.489) (0.460) (0.432) (0.145) (0.132) (0117) (1.161) (0.153) (0.201)
HHI —1.044* —0.569*** —0.499+=* 0.014 —0.024 0.023** —2.185** 0.009 —0.260°**
(0.119) (0.081) (0.063) (0.021) (0.024) (0.008) (0.497) (0.030) (0.062)
LOGPPE 0.376*** 0372+ 0317+ —0.033%** —0.034*+ —0.030%** 0.127%** 0.025*** 0.026***
(0.036) (0.037) (0.023) (0.005) (0.006) (0.006) (0.042) (0.007) (0.007)
SALESGR 0.237+** 0.190** 0.231* 0311 0.343** 0.320%* —-0.085 -0.019* 0.010
(0.059) (0.062) (0.077) (0.042) (0.041) (0.030) (0.070) (0.,007) (0.024)
EPSGR 0.137** 0.146** 0.144* —-0.005 -0.011 0.001 0.009 0.006** —0.002
(0.049) (0.049) (0.050) (0.008) (0.012) (0.006) (0.038) (0.003) (0.006)
Year/month F.E. Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE. Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 189,187 189,115 189,283 156,506 156,410 156,578 189,283 189,283 189,283

R-squared 0.899 0.849 0.905 0.150 0.136 0.320 0.786 0.650 0.935
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Table 8

Carbon emissions and stock returns.

The sample peried is 2005-2017. The dependent variable is RET. All variables are defined in Table 1. We report the results of the pooled regression
with standard errors clustered at the firm and year level (in parentheses). All regressions include year-month fixed effects. In the regressions for columns
4 through 6, we additionally include industry-fixed effects. Panel A reports the results for the natural logarithm of total firm-level emissions; Panel B
reports the results for the percentage change in carbon total emissions; Panel C reports the results for carbon emission intensity. ***1% significance; **5%
significance; “10% significance.

Panel A: Total emissions

Variables (1) (2) (3) (4] (5) (6]
LOG (SCOPE 1 TOT) 0.043++ 0164+
(0.023) (0.036)
LOG (SCOPE 2 TOT) 0.098** 0.167**"
(0.042) (0.048)
LOG (SCOPE 3 TOT) 0.135** 0.312%=
(0.046) (0.071)
LOGSIZE —-0.140 —-0.184 —-0.193 -0.302* -0.327 —0.410°*
[0.163) (0.167) (0.165) (0.148) (0.154) (0.163)
B/M 0.460 0.469 0.444 0.656** 0.642+* 0.562+*
(0.260) (0.266) (0.258) (0.234) (0.229) (0.224)
LEVERAGE -0.559* ~0.579* -0.498* —0.699+** =0.712++ —0.790**
(0.272) (0.280) (0.274) (0.177) (0.171) (0.167)
MOM 0.321 0.348 0.338 0.284 0.294 0.301
(0.276) (0.272) (0.274) (0.291) (0.290) (0.290)
INVEST/A -2.218 -1.914 —1.587 0.277 0.267 0.699
(1.740) (1.794) (1.838) (2.111) (2.126) (2.082)
ROE 0.010* 0.009 0.008 0.009* 0.009* 0.007*
(0.005) (0.005) (0.005) (0.004) (0.004) (0.004)
HHI 0.032 —0.026 0.137 0.130* 0.052 0.111
(0.110) (0.112) (0.101) (0.072) (0.073) (0.071)
LOGPPE ~0.015 -0.027 ~0.045 0.020 0.019 -0.017
(0.100) (0.088) (0.090) (0.058) (0.058) (0.057)
BETA 0.059 0.023 0.047 0.045 0.040 0.063
(0.131) (0.131) (0.130) (0.148) (0.147) (0.146)
VOLAT 0.978 0.674 0.749 0.622 0.501 0.549
(3.571) (3.415) (3.5086) (3.290) (3.285) (3.269)
SALESGR 0.692 0.638 0.672 0.679 0.686 0.648
(0.429) (0.430) (0.420) (0.412) (0.412) (0.407)
EPSGR 0.592++ 0.589++ 0.575 0.637+* 0.636%* 0.615**
(0.234) (0.231) (0.232) (0.231) (0.233) (0.227)
Year/month EE. Yes Yes Yes Yes Yes Yes
Industry F.E. No No MNo Yes Yes Yes
Observations 184,288 184,216 184,384 184,288 184,216 184,384

R-squared 0.203 0.204 0.204 0.206 0.206 0.206



Panel B: Growth rate in total emissions

Variables (1) (2) (3) (4) (5) (6)
ASCOPE 1 0,641+ 0.627**+
(0.153) (0.144)
ASCOPE 2 0.345%+ 0321+
(0.125) (0.120)
ASCOPE 3 1.203* 1.186***
(0.318) (0.314)
LOGSIZE -0.023 -0.013 -0.037 -0.107 -0.099 -0.121
(0.110) (0.112) (0.111) (0.114) (0.115) (0.117)
B/M 0.391 0.388 0.410¢ 0771+ 0.764++ 0.789%+*
(0.232) (0.233) (0.226) (0.257) (0.257) (0.246)
LEVERAGE -0.433+ -0.414* —0.441* —0.794°++ —0.785%+* —0.799+=*
(0.217) (0.218) (0.213) (0.213) (0.217) (0.214)
MOM 0.204 0.217 0.166 0.160 0.175 0.124
(0.265) (0.268) (0.267) (0.264) (0.266) (0.264)
INVEST/A -2.508 —2.244 —2.638 -0.620 -0.463 -0.807
(1.820) (1.848) (1.867) (2.326) (2.291) (2.341)
ROE 0.009++ 0.009++ 0.009** 0.008+* 0.008** 0.009**
(0.004) (0.004) (0.004) (0.003) (0.003) (0.003)
HHI -0.143 -0.112 -0.162 -0.072 -0.056 —-0.089
(0.154) (0.153) (0.151) (0.098) (0.097) (0.102)
LOGPPE —0.006 -0.015 0.006 0.053 0.045 0.066
(0.058) (0.057) (0.060) (0.041) (0.041) (0.044)
BETA 0.109 0.119 0.106 0.155 0.166 0.145
(Continued on next page)
Table 8
(Continued)
Panel B: Growth rate in total emissions
Variables (1) (2) (3) (4) (5) (6)
(0.165) (0.165) (0.168) (0.158) (0.157) (0.162)
VOLAT 1.853 2.004 1.800 1.373 1.504 1.341
(4.240) (4.226) (4.274) (4.072) (4.075) (4.107)
SALESGR 0.459 0.544 0.280 0.463 0.549 0.284
(0.447) (0.454) (0.430) (0.429) (0.434) (0.402)
EPSGR 0.573** 0.573** 0.568** 0.641** 0.641** 0.636**
(0.247) (0.246) (0.250) (0.263) (0.263) (0.266)
Year/month F.E. Yes Yes Yes Yes Yes Yes
Industry F.E. No No No Yes Yes Yes
Observations 153,051 152,955 153,123 153,051 152,955 153,123
R-squared 0.218 0.218 0.218 0.221 0.221 0.222




Panel C: Emission intensity

Variables (1) (2) (3) (4) (5) (6)
SCOPE 1 INT —0.010 0.005
(0.012) (0.006)
SCOPE 2 INT 0.145 0.081
(0.121) (0.074)
SCOPE 3 INT 0.055 0.048
(0.033) (0.075)
LOGSIZE -0.154 -0.133 -0.124 —-0.229 —0.230 -0.229
(0.169) (0.159) (0.164) (0.142) (0.141) (0.142)
B/M 0.456 0.470 0.479* 0.732** 0.732** 0.732**
(0.264) (0.269) (0.258) (0.244) (0.243) (0.244)
LEVERAGE —0.545* —0.558* —-0.532* —0.608=** —0.606=** —0.603=**
(0.264) (0.269) (0.263) (0.195) (0.195) (0.196)
MOM 0.332 0.321 0317 0.282 0.282 0.281
(0.277) (0.279) (0.279) (0.292) (0.292) (0.291)
INVEST/A -1.953 —2.047 -1.916 —0.041 —0.037 -0.022
(1.815) (1.823) (1.867) (2.123) (2.127) (2.134)
ROE 0.010* 0.010* 0.010* 0.010** 0.010%* 0.010+*
(0.005) (0.005) (0.005) (0.004) (0.004) (0.004)
HHI -0.139 —0.069 0.028 —0.032 —0.043 —0.030
(0.137) (0.113) (0.082) (0.074) (0.072) (0.067)
LOGPPE 0.034 0.010 0.006 0.081 0.079 0.080
(0.099) (0.087) (0.093) (0.065) (0.064) (0.066)
BETA 0.047 0.045 0.051 0.035 0.034 0.036
(0.131) (0.131) (0.131) (0.148) (0.148) (0.148)
VOLAT 1.027 0.978 1.028 0.577 0.558 0.572
(3.512) (3.527) (3.563) (3.296) (3.297) (3.300)
SALESGR 0.709 0.714 0.712 0718 0.719 0.717
(0.435) (0.432) (0.427) (0.414) (0.413) (0.413)
EPSGR 0.600+* 0.600+* 0.600** 0.660%* 0.660%* 0.661**
(0.234) (0.232) (0.232) (0.235) (0.236) (0.235)
Year/month F.E. Yes Yes Yes Yes Yes Yes
Industry F.E. No No No Yes Yes Yes
Observations 184,384 184,384 184,384 184,384 184,384 184,384
R-squared 0.203 0.203 0.203 0.206 0.206 0.206




Table 9

Carbon emissions and stock returns net of earnings returns.

The sample period is 2005-2017. The dependent variable is RET net of daily return realized on the earnings announcement day. All variables are defined
in Table 1. We report the results of the pooled regression with standard errors clustered at the firm and year level (in parentheses). All regressions include
year-month fixed effects. In the regressions for columns 4 through 6, we additionally include industry-fixed effects. Panel A reports the results for the
natural logarithm of total emissions; Panel B reports the results for the percentage change in carbon total emissions; Panel C reports the results for carbon
emission intensity. *** 1% significance; **5% significance; *10% significance.

Panel A: Total emissions

Variables (1) (2) (3] (4) {5) (6)
LOG (SCOPE 1 TOT) 0,044 0,152+
(0.024) (0.031)
LOG (SCOPE 2 TOT) 0.088"* 0.150"""
[0.040) [0.044)
LOG (SCOPE 3 TOT) 0121+ 0279
(0.047) [0.067]
Contraols Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yes Yes Yes
Industry FE. No No No Yes Yes Yes
Observations 184,288 184,216 184,384 184,288 184,216 184,384
R-squared 0220 0.221 0.220 0.223 0223 0223
Panel B: Growth rate in total emissions
Variables (1) (2] (3) (4) (5) (6]
ASCOPE 1 0.552%* 0.532%*
[0.137) (0.131)
ASCOPE 2 0.288** 0.266"*
(0.111) (0.108)
ASCOPE 3 0.896"" 0882
(0.313) (0.318)
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yes Yes Yes
Industry EE. No No No Yes Yes Yes
Observations 153.051 152,955 153,123 153,051 152,955 153,123
R-squared 0235 0.236 0.235 0.239 0.239 0.239
Panel C: Emission intensity
Variables n (2) 3) (4) (5) (6]
SCOPE 1 INT —0.008 0.004
(0.011) (0.007)
SCOPE 2 INT 0.155 0.079
(0.124) (0.068)
SCOPE 3 INT 0.050 0.029
(0.032) (0.071)
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yes Yes Yes
Industry FE. No No No Yes Yes Yes
Observations 184,384 184,384 184,384 184,384 184,384 184,384
R-squared 0220 0.220 0.220 0.223 0223 0223
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Table 10
Can the carbon premium be explained by risk factors?

The sample period is 2005-2017. The dependent variable is the monthly carbon premium estimated each period using a cross-sectional return regression.
All variables are defined in Table 1. We report the results of the time-series regression with standard errors adjusted for autocorrelation with 12 lags using
Newey-West test (in parentheses). Panel A reports the results for the natural logarithm of contemporaneous total emissions; Panel B reports the results for
the percentage change in carbon emissions; Panel C reports the results for carbon emission intensity. ***1% significance; **5% significance; =10% significance.

Panel A: Total emissions

LOG (SCOPE 1 TOT) LOG (SCOPE 2 TOT) LOG (SCOPE 3 TOT)

Variables (1) (2) (3) (4) (5) (6)
MKTRF -1.176 3.298%+ 3429+
(0.714) (1.084) (1.357)
HML —6.020%== —4.284*= —6.444==
(1.598) (1.759) (2.537)
SMB -0.331 1.184 1.539
(0.887) (2.858) (1.840)
MOM 0.399 —3.853** —3.580%**
(0.559) (1.721) (1.281)
CMA 0.086**= 0.053 0.116%=*
(0.028) (0.036) (0.036)
BAB 0.772 0.303 1.581
(0.824) (1.749) (1.681)
LIQ 2.658** 0.816 3.094* =
(0.768) (1.135) (1.016)
NET ISSUANCE 1.250 -1.603 0.376
(1.015) (2.207) (2.352)
IDIO VOL 1.566%* 0.986 0.414
(0.723) (1.332) (1.319)
Constant 0.058** 0.053* 0.085%* 0.070%** 0.103*** 0.065%*
(0.026) (0.023) (0.037) (0.027) (0.035) (0.027)
Industry adj. No No No No No No
Adj. R2 0.001 0.331 0.001 0.335 0.001 0.247
Observations 156 156 156 156 156 156




Panel B: Growth rate in total emissions

ASCOPE 1 ASCOPE 2 ASCOPE 3
Variables ) ) 3) (4) (5) (6)
MKTRF 4847 ~2.463 8.303
(5.605) (2516) (8.965)
HML —8.427** —5.897* —17.483*
(3.853) (3.362) (7.113)
SMB -15.284* -9.960* -23.109*
(6.419) (5.667) (13.738)
MOM 3.223 3.703 9.171
(4.704) (2.727) (8.912)
CMA ~0.159* ~0.153%+ 0468+
(0.087) (0.058) (0.168)
BAB —8.919"* 2.396 11.861
(3.255) (2.036) (8.199)
LIQ 0.808 -1.343 9,512+
(2.495) (2.342) (4.847)
NET ISSUANCE 4,702 1.724 15.976
(5.262) (4.821) (13.211)
IDIO VOL 3.851 6.477° 16.111
(6.820) (3.474) (11.811)
Constant 0640+ 0,643+ 0.435+=+ 0.463+++ 1.55+++ 1424+
(0.089) (0.120) (0.065) (0.063) (0.237) (0.250)
Industry adj. No No No No No No
Adj. R2 0.001 0.107 0.001 0.178 0,001 0.290
Table 10
(continued)
Panel C: Emission intensity
SCOPE 1 INT SCOPE 2 INT SCOPE 3 INT
Variables m (2) 3) (4) (5) (6)
MKTRF —0.793 1.790 0.820
(0.177) (2.810) (0.880)
HML —0.927%* ~6.181 —4.063°
(0.315) (4.340) (1.635)
SMB —1.027% ~9.486 ~0.722
(0.519) (6.371) (1.214)
MOM 0.855%+* ~1.195 ~0.449
(0.214) (2.970) (0.597)
CMA 0.001 0.008 0.039
(0.007) (0.101) (0.031)
BAB 0302 —4.055 —0.645
(0.391) (3.961) (0.915)
LIQ 0.229 0372 2,608+
(0.297) (2.942) (0.800)
NET ISSUANCE 0.445 —6.006 ~0.139
(0.304) (5.742) (1.159)
1DIO VOL 0.333 8.908* 0.424
(0.293) (3.069) (0.723)
Constant —0.006 ~0.004 0.121 0.181* 0018 ®ootz ¢
(0.008) (0.007) (0.102) (0.097) (0.027) :(n,];};m S
Industry adj. No No No No No []
Adj. R2 0.001 0413 0.001 0.135 0.001 0.104
Observations 156 156 156 156 156 156
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Table 11: Carbon Emissions and Institutional Ownership
The sample period is 2005-2017. The dependent variable in Panel A is /). The dependent vanables in Panel B, Panel C, and Panel I are 10)_B-ANK,
TO_INSURANCE, I0_INVESTCOS, I0_ADISERS, IO _PENSIONS, and 10_HEY. Panels A-ID present the result for contemporaneous measures
of emission intensity. Panel B presents the results for SCOPE 1, Panel C presents the results for SCOPE 2, and Panel D presents the results for SCOPE
7. All vanables are defined in Table 1. We report the results of the pooled regression with standard errors clustered at the industry and vear level. All
regressions include year-month fixed effects. In Panel A, columns (2), (4), and (6) additionally include state-ficed effects. All regressions in Panels B-I
include state fived effects. *++1% significance; **5% significance; *10% significance.

Panel A: Aggregate ownership (Emussion intensity)

Variables 0] 2 3 @ 5 @
SCOPE 1 INT 0. 194%* -0.218%*
(L08S) (0.083)
SCOPE 2 INT L1383 1381
1.621) (1.610)
SCOPE 3 INT 0.0094 0130
[0.5500) (D.581)
LOGSIZE 2078 1.847 2096 1.859 2104 1.850
(1.5100) (1.702) (1.484) (1.678) (1499 {1.7006)
PRINW -29.353%% =37.008% -29 33w 371671 -20_ 57 20k
(5.614) (6.448) (5.611) (6392 (5.640) (6.476)
MOM -1.453 -1.792% -1.542 -1BT1** -1.544 -1.858*
(0.937) (0.876) (0.895) (0823 (0.920) (LB50)
B/M -1.165 -[LEMN) -1.533 -1.205 -1.498 -1.216
(1.423) (1.602) (1.366) (1.541) (1.337 (1.549
BETA 9.1 254k Q.4 T(prewr 0.33 2% 9. 75 930 D695k
(1.508) (1.45% (1.421) (1.375) (14300 (1.388)
VOLAT -T.617 4.118 -60.867 4.770 ST095 4.532
(14257 (12.827) (13.55(00 {11939 {14.024) (12.565)
VOLUME -4 427 -4 2 ~4, F ko -4, 568%% -4 JR ek -4 5525
{14001 (1.636) (1.422) (1.650) (1.378) (1.626)
NASDAQ -1.159 -1.529 A1LBT5 -1.255 -0.751 -1.292
(1467 (1.70u1y (1.431) (1.638) (1.303) (1.505)
SP500 2,559 1.711 2418 1.508 2.304 1.510
(21200 (2.093) (2.122) (2.088) (2.12%) (2.095)
Year,/ month F.E. Yes Yes Yes Yes Yes Yes
State fixed effect No Yes Mo Yes No Yes
Observanons 170,701 160,406 170,701 160,406 170,701 1) 404

R-squared .121 (L1166 (L.118 n.162 0.118 0.162




Panel B: Disaggregate ownership

(1) (2) (3) (4) (3) (6)
Variables Banks Insurance Invest. Cos. Advisers Pensions Hedge Funds
SCOPE 1 INT 0.001+* -0.011* 0.026 —0.258*** -0.009* 0.033
(0.000) (0.005) (0.022) {0.056) (0.004) 0.028)
SCOPE 2 INT 0.009 —0.253 -0.139 —0.156 0.049 U.T08
C— (0.006) (0.144) (0.406) (0.992) (0.097) (0.441)
SCOPE 3 INT .004* —0.021 0.038 0.052 0.028 -0.230
e (0.002) (0.071) (0.115) (0.409) (0.030) (0.151)
Controls Yes Yes Yes Yes Yes Yes
Year/month EE. Yes Yes Yes Yes Yes Yes
State fixed effect Yes Yes Yes Yes Yes Yes

Observations 160,406 160,406 160,406 160,406 160,406 160,406
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Table 12

Carbon emissions and stock returns: excluding salient industries.

The sample period is 2005-2017. The dependent variable is RET. All wariables are defined in Table 1. We report the results of the pooled regression
with standard errors clustered at the industry level (in parentheses). The sample excludes companies in the oil and gas (gic=2), utilities (gic=65-69],
and transportation (gic=18, 19, 23] industries All regressions include year-month fixed effects. In the regressions for columns 4-6, we additionally include
industry-fixed effects. Panel A reports the results for the natural logarithm of total emissions; Panel B reports the results for the percentage change in

carbon emissions; Panel C reports the results for carbon emission intensity. *** 1% significance; **5% significance; *10% significance.

Panel A: Total emissions

Variables (1) (2] (3) [4) (5] (6)
LOG (SCOPE 1 TOT) XA 0177
(0.025)
LOG (SCOPE 2 TOT) 0.097"" 0227~
(0.039) [0.057)
LOG (SCOPE 3 TOT) 0.117=+ 0324+~
(0.048) (0.074)
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yes Yes Yes
Industry FE. Mo MNo Mo Yes Yes Yes
Observations 164,004 164,166 164,190 164,004 164,166 164,190
R-squared 0.213 0213 0.213 0.216 0.216 0216
Panel B: Growth rate in total emissions
Variables (1) (2) (3) (4 (5] (6]
ASCOPE 1 0.657""" 0630
(0.151) (0.142)
ASCOPE 2 Oaes™" 4587
(0.117) (0.112)
ASCOPE 3 E 1.456" "
(0.321) [0.322)
Controls Yes Yes es Yes Yes
¥ear/month FE. Yes Yes Yes Yes Yes Yes
Industry FE. Mo MNo Mo Yes Yes Yes
Observations 135,522 135,570 135,594 135,522 135,570 135.594
R-squared 0.230 0.230 0.230 0.233 0.233 0233
Panel C: Emission intensity
Variables (1) (2) (3) [4) (5] (6]
SCOPE 1 INT 0,004 —-0.012
(0.016) (0.016)
SCOPE 2 INT 0.154 0.150
(0.102) (0.112)
SCOPE 3 INT 0.054 0. 160"
(0.035) [0.078)
Controls Yes Yes Yes Yes Yes Yes
¥ear/month FE. Yes Yes Yes Yes Yes Yes
Industry FE. Mo MNo Mo Yes Yes Yes
Observations 164,190 164,190 164,190 164,190 164,190 164,190
R-squared 0.213 0213 0.213 0.216 0.216 0216
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Table 13

Carbon emissions and institutional ownership: excluding salient industries.

The sample excludes companies in the oil & gas (gic=2), utilities (gic=65-69), and transportation (gic=18, 19, 23) industries. The sample period is
2005-2017. Panel A presents the results for aggregate ownership for contemporaneous carbon intensity measures, Panel B for disaggregated ownership.
All variables are defined in Table 1. We report the results of the pooled regression with standard errors clustered at the industry and year level (in
parentheses). All regressions include year-month fixed effects. In Panel A, the regressions for columns 2, 4, and 6, the regressions additionally include

state-fixed effects. All regressions for Panel B results include state fixed effects. ***1%; **5%; *10% significance.

Panel A: Aggregate ownership

Variables (1) (2) (3) (4) (5) (6)
SCOPE 1 INT —-0.015 —0.007
{0.094) (0.104)
SCOPE 2 INT —0.565 —0.525
(1.968) (2.024)
SCOPE 3 INT 0.421 0.246
(0.538) {0.568)
Controls Yes Yes Yes Yes Yes Yes
Yearfmonth FE. Yes Yes Yes Yes Yes Yes
State fixed effect No Yes No Yes No Yes
Observations 152,799 143,337 152,799 143,337 152,799 143,337
R-squared 0.126 0.169 0.126 0.169 0.127 0.170
Panel B: Disaggregate ownership
(1) (2) (3) (4) (5) (6)
Variables Banks Insurance Invest. Cos. Advisers Pensions Hedge Funds
SCOPE 1 INT 0.001* -0.013 —-0.059 —0.060 0.009 0.114
(0.000) (0.012) (0.041) 0.078) (0.010) {0.068)
SCOPE 2 INT 0.006 —0.298* —0.320 -0.224 0.051 0.261
(0.006) (0.164) (0.487) (1.252) (0.124) (0.523)
SCOPE 3 INT 0.004* —-0.015 0.063 0.436 0.041 —0.282
(0.002) (0.077) (0.125) (0.376) (0.031) (0.170)
Controls Yes Yes Yes Yes Yes Yes
Yearfmonth FE. Yes Yes Yes Yes Yes Yes
State fixed effect Yes Yes Yes Yes Yes Yes
Observations 143,337 143,337 143,337 143,337 143337 143,337
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Tahle 14
Carbon emissions and stock returns: sub-periods.

The sample period is 2005-2017. The dependent variable is RET. All variables are defined in Table 1. We report the results of the pooled regression with
standard errors clustered at the firm and year/month level (in parentheses). All regressions include year-month foced effects and industry-fioced effects. We
report the results for the natural logarithm of contemporaneous total emissions in Panel A; the results for the growth rate in firm emissions in Panel B;
and the results for emission intensity in Panel C. ***1% significance; **5% significance; *10% significance.

Panel A: Total emissions

2005-2015 2016-2017
Variables 1) 2) (3) (4) (5] (6]
LOG (SCOPE 1 TOT) 0127 0.205
(0u037) [0.075)
LOG (SCOPE 2 TOT) 0127 0233
(0.042) (0.087)
LOG (SCOPE 3 TOT) 0265 0340
[0.08E) (0.107)
Controls o5 fes Yes Yes Yes Yes
Year/month EE. fes Yes Yes Yes Yes Yes
Industry FE. Yes Yes Yes Yes Yes Yes
Observations 121,694 121,622 121,778 62,594 62,594 62,606
R-squared 0268 0268 0264 0115 0.115 0.115
Panel B: Growth rate in total emissions
2005-2015 2016-2017
Variables (1 (2) (3) (4) (5) (6]
ASCOPE 1 0610 0.629""
(0.161) [0.249)
ASCOPE 2 0265 0.459""
0.097 (0.193)
ASCOPE 3 1259 1.032*
[0.355) (0.436)
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. s Yes Yes Yes Yes Yes
Industry FE. Yes Yes Yes Yes Yes Yes
Observations 108,388 108,304 108,948 44,163 44,151 44,175
R-squared 0278 0274 0279 0.089 0.089 0.089
Panel C: Emission intensity
2005-2015 2016-2017
Variables (1 (2) (3) (4) (5) (6]
SCOPE 1 INT 0.005 0.010
(0,007 [0.019)
SCOPE 2 INT 0.091 o017
[0.094) (D.125)
SCOPE 3 INT 0.030 0.040
[0.09 [0.087)
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. s Yes Yes Yes Yes Yes
Industry FE. Yes Yes Yes Yes Yes Yes
Observations 121,778 121,778 121,778 62,606 62,606 62,606
R-squared 0268 0268 0268 0.114 0114
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Table 16
Carbon emissions and stock returns (imputed emissions).

The sample period is 1990-1999, The dependent variable is RET. All variables are defined in Table 1. We report the results of the pooled regression with
standard errors clustered at the firm and year level (in parentheses). All regressions include year-month fixed effects. In the regressions for columns 4
through 6, we additionally include industry-fixed effects. The total level of emissions is imputed using the earliest observed level of emission intensity
for each firm for the period 2005-2017 (in Panel A) and for 1990-1999 (in Panel B) and scaling it by respective revenue values. ***1% significance; **5%
significance; *10% significance.

Panel A: (2005-2017)

Variables (1) (2) (3) (4) (5) (6)
LOG (SCOPE 1 TOT) 0.097=** 0.291=**
(0.024) (0.046)
LOG (SCOPE 2 TOT) 0.186** 0.336***
(0.043) (0.065)
LOG (SCOPE 3 TOT) 0.245%% 0.585%**
(0.043) (0.127)
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yes Yes Yes
Industry FE. No No No Yes Yes Yes
Observations 161,122 161,062 161,313 161,122 161,062 161,313
R-squared 0.199 0.200 0.200 0.203 0.203 0.204
Panel B: (1990-1999)
Variables (1) (2) (3) (4) (5) (6)
LOG (SCOPE 1 TOT) —0.037 0.082
(0.034) (0.078)
LOG (SCOPE 2 TOT) 0.033 0.236
(0.045) (0.134)
LOG (SCOPE 3 TOT) 0.005 0.318*
(0.059) (0.162)
e——
Controls Yes Yes Yes Yes Yes Yes
Year/month F.E. Yes Yes Yes Yes Yes Yes
Industry F.E. No No No Yes Yes Yes
Observations 59,878 59,878 59,878 59,878 59,878 59,878

R-squared 0.149 0.149 0.149 0.156 0.156 0.156




sigmificance; *10% significance.

Panel A: Total emissions

Table A.6: Carbon Emissions and Legacy Stock Returns: Sub-Periods

The sample is restrcted o forms that show up in the data pror to 2006, The sample perods are 2005-2013 and 2016-2017. The dependent waniable is
RET. All vanables are defined n Table 1. We repom the results of the rwml.d.d regression with sandard errors chestered at the firm and year-month kevel.
Al regressions include vear-month fixed effects and industry-fixed effeces. Panel A reports the results for the natural logasithm of otal emssions I’lm.l
B separts the results for the percentage change in carbon emissions; Panel CC reports the results for carbon emission intensity.

L HJK“UE:II’H:L

2005-2015 20M6-217
VARIABI m e (3 ) (5 6
LOWG (SCOPE 1TO) (L15]=* [IX1} ]
0.039) [05T)
LOCG (SCOPE 2°T0 ] 45%+ -.002
(0042) (0044
LOWG (SCOPE 3 T000) 0.320rr* 02
(0U0RT) 0113
Controls Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yies Yes Yes
Industey F.E. Yes Yes Yes Yes Yes Yes
Observations 122,118 122,46 122202 25 467 35,867 25 879
R-squared .26 12060 01206 1133 11133 0.133
Panel B: Growth rate in total emissions
20052015 2006-2017
VARIABLES i [ 131 £ (5) 6)
ASCOPE (LGT] =" 0273
0.154) 0:239)
ASCOPE 2 ) i 0047
0111 0.197)
ASCOPE 3 1325+ L3655
(04006 0.626)
Comtrols Yes Yes Yes Yes Yes Yes
Year/month FE Yes Yes Yes Yes Yes Yes
Industey I Yes Yes Yes Yes Yes Yes
Ohservations 107 2665 108,182 109,320 25 867 25455 25879
R-squared 0.276 0276 0276 1133 1133 01.133
Pancl C: Emission intensity
52015 200 6-2017
VARIABLES (y ] {3 ) 5 5)
SCOPE 1 INT XL 0017
0Ty (10211
SOOPEZINT LTV TR
(DL093) [11.095)
SIOPEZINT 0037 ST
(0091 0101
Comtriols Yes Yes Yes Yes Yes Yes
Year/month FE. Yes Yes Yes Yes Yes Yes
Industey F.E. Yes Yes Yes Yes Yes Yes
Observations 122202 122,302 122,202 25879 25,879 25,879
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1. How is climate change affecting stock returns? This is a fundamental question for the
burgeoning field of climate change and finance. It is also a fundamental question for
policy makers who are seeking to enlist investors in the fight against climate change.
We address this question by undertaking a cross-sectional stock returns analysis, with
carbon emissions as a firm characteristic, and find robust evidence that carbon
emissions significantly and positively affect stock returns.

2. Whether through the production of their goods and services, or through the use of their
products,firms are differentially affected by policies to curb carbon emissions and by
renewable-energy technology shocks. Our evidence suggests that investors are

discerning these cross-sectional differences and are pricing in carbon risk.
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3. We also find that the carbon premium cannot be explained through a sin stock
divestment effect. Divestment takes place in a coarse way in a few industries such as oil
and gas, utilities, and automobiles, and is entirely based on scope 1 emission intensity
screens.

4. Notably, we find no carbon premium associated with emission intensity. Moreover,
outside the salient industries where all the divestment takes place, we find a robust,
persistent, and significant carbon premium at the firm level for all three categories of

emission levels and growth rates.
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