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This Online Appendix presents the proofs and derivations, the summary statistics of the data,

the estimation methodology, as well as the supplementary estimation and calibration material

discussed in the paper.

Table of contents

Section A. Derivations
e A.1. Proof of Proposition 1 (Euler equation)
e A.2. Proof of Proposition 2 (stochastic discount factor)
e A.3. Proof of Proposition 3 (risky asset return)

e A.4. Proof of Proposition 3 (market return)

Section B. Summary statistics
Section C. Estimation methodology

Section D. Supplementary empirical findings

e D.1. Supplementary empirical findings based on environmental-pillar scores

e D.2. Supplementary empirical findings excluding stocks in the technology sector

Section E. Supplementary calibration exercises

e E.1. Shocks to ESG demand and ESG score in the presence of correlated cashflows

e E.2. Effect of ESG demand on ESG supply

e E.3. Effect of long-run aggregate ESG supply

A Derivations

A.1 Proof of Proposition 1 (Euler equation)

The optimization program is formulated as
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where Gy = Zﬁ[:l wn,tGn ¢ is the aggregate greenness (ESG supply), ¢ is a variable reflecting
shocks to the time rate of preference (Albuquerque et al., 2016, Schorfheide et al., 2018), and
d; represents time-varying preferences for ESG (demand). Note that, in the most general case
where ¢ can be finite, the aggregate ESG supply must be nonnegative. In the main text, we
develop the analysis considering additive preferences, i.e., ¢ — +o00, in which case Gy, can
take any value. The budget constraint states that Wi1 = (Wy — Cy) Rw¢41, where Ry 1 =
Ryyiq + 25:1 Wit (Rnt+1 — Rfgq1). At the optimum, the value function depends on wealth
only, that is Uy = J (W}) . The agent then optimizes

J (W) = max ((1 — B A, P+ BE, [ (W)™ ]é) i (A4)
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The first order condition with respect to consumption is given by

L0A, 51

0=(1-B)pA, d)% — BEy [ (Wt+1)1_7} "R [J (Wigr)?

90J Wis1)

R , A5
OWpin WﬂH—l] ( )

1
where g‘éf = (é—z) ¢ < St) 0:Gw, and hm % = 1-06;Gwy,. Next, the first order condition

with respect to wy is given by
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As ‘g‘gt = (g—tt) o and ¢hm % = 0, multiplying (A.6) by wy; and summing across assets

yields
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which tends to one for ¢ — +00, and combining (A.5) and (A.7), we obtain
E¢ [My11 Ry 1] = 1. (A.9)

This is the Euler equation for the risk-free gross return, where the stochastic discount factor



(SDF) is formulated as
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From (A.6), we can express the Euler equation for excess return on a generic asset as
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Note that, for ¢ — +oo, the Euler equation becomes E; [M; 11 (Rp 41 — Rfi11)] = —0:Gny,
hence, E¢ [Ry 141 — Rf41] = —COVt[Rn’EI[;/[iﬁH’MtH] - EffJ\G/I?fl]' Summing (A.9) and (A.11),

we obtain the Euler equation for the gross return on a generic asset:
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We next derive an explicit solution for the value function. To start, we guess J (W;) = &, W,.

Then, equations (A.4) and (A.5) can be expressed as
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respectively. Combining both equations yields
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Euler equation in (A.12) can be equivalently expressed as
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Before considering the simplified case discussed in the text, where the time-preference shock
¢ is muted and ¢ approaches infinity, we briefly comment on the incremental contribution of

the extended version.

Similar to Albuquerque et al. (2016), the growth in time preference establishes an

Pi+1
additional multiplicative factor to the SDF in equation (5). That is, allowirfé time-preference
shocks helps matching the market premium by considering a positive valuation premium of
the market portfolio due to time-varying demand for consumption. It also improves the model
ability to generate an upward-sloping term structure of interest rates.

The implications of a finite elasticity of substitution ¢ are twofold. First, as implied by the
term (S;/ Ct)_é in equation (A.12), which diminishes in S, the convenience yield of any asset,

green or brown, is attenuated when aggregate ESG supply grows larger relative to physical

Ci/A,
contribution, consider the case where preferences are time additive (§ = 1), so that the factor

consumption. Second, the factor (M>_5 appears in the SDF (A.16). To analyze its

depending on the return on wealth can be excluded. The SDF then increases when the share
of physical consumption C} relative to the consumption bundle A; diminishes. As physical
consumption and sustainability are not perfect substitutes, the agent favors assets that deliver
higher returns in times when physical consumption is low relative to the value of the consumption
bundle. Such assets would deliver lower expected returns in equilibrium. Both the effects
described above become more prominent when the elasticity of substitution diminishes.

In what follows, we assume ¢; = 1 and ¢ — +oo. The Euler equation (A.12) and the
corresponding SDF in (A.16) can be expressed as
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where Ry 41 = #’gv&t and Ry 141 = Egt’gi’t are the ESG-adjusted gross returns on the

consumption asset and on a generic asset, respectively. The Euler equation undertakes the
standard form only when the financial return is replaced by the ESG-adjusted return.
We then calculate the logarithm of the SDF, m;11 = log My41:
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where Acii1 = log Cal and ry 41 = log W‘Z tjcl,t is the logarithmic return on financial wealth.

The expected excess return of a generic asset then satisfies the following relation
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where 75,411 = log Ry 411, Tft+1 = log Rfti1, and y,s = — log (1- 5th,t)-

Finally, we aim to determine the concavity of the value function with respect to Gy and
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0;. We start evaluating the first derivatives:
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which, respectively, are positive for §; > 0 and Gy > 0.

The second derivatives are
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which are both negative. The value function is thus concave in both Gy and é;.

A.2 Proof of Proposition 2 (stochastic discount factor)

The time-t investable wealth is P, = W; — (4, i.e., wealth after consumption, and is conven-
tionally called price of the consumption asset (wealth portfolio). The return on wealth between

time ¢ and time ¢ + 1 is:
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where pc; = log % is the log price/consumption ratio. We perform the Campbell and Shiller
(1988) log-linearization by developing the first-order Taylor expansion of the first term around

the average model-implied log price-to-consumption ratio pc:
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Then,

TWi+l = KrW,0 T KrW,pePCe+1 — PCt + Act+1, (A29)

where K pe = %, Krw,0 = log (1 + €ITC) — KrW,pePC, With pe being determined as the solution
of a fixed-point problem. Following the same logic, we perform two additional approximations.

The first is given by
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we can rewrite the SDF in (A.21) as
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As introduced in Section 2.3, we specify four dynamic processes:

A33
A.34
A.35
A.36

Aciy1 = ple + Tt + OcEe i,
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Ti+1 = Pzt + OxE€xt+1,

where Gy1 and 641 are mean reverting, ug = (1 — pg) Gw — pg.s0, and ps = (1 — ps) 9.

Based on (A.31), we rewrite the Euler equation as:
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To characterize the SDF, we make the following guess on the functional form of the price-to-
consumption ratio:
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Then, substituting in equation (A.29), it follows that
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A sufficient condition for the coefficients Ay g, Apes, and Aye . to be positive is that pgs = 0,
¥ >1,6>0,and Gy > 0. myyq in (A.32) can be then written as

myq1 ~0log B —yue+ (6 — 1) (“TW,O — kw0 + Apeo (’WW,pc - 1))
+(0-1) KrW,pc (APC,GNG’ + Apc,&#é)

('k';m st Em pcApc 5) s + (Hm G+ ﬂm,pcApc G’) MG)

@
0
+ pcG (Kerch 1) - KW,G) - = (’{m,G + Hm,pcApc,G) (pG - 1) GW,t
(0
pc6 ("@"Wpcpﬁ 1) - KW,(S) - % (Hm,é + /‘Gm,pcApc,é) (p5 — 1) 5
t
Ape,GErwipe — % (Km,c + Hm,pcApc,G)> PG5
0
+ ) (’K&TWpcpa; - 1) — —Km,pc (p:c - 1) Apc,x Tt
(0
— YOcEct+1
0
pc GRrWpe — i (F‘Jm,pcApc,G + Hm,G) OGQEG 41
0
pc SKrWpc — J (Hm,pcApc,é + Km,&) O§ESt+1
0
(9 1) RrW,pe — J”m,pc Apc,xeEx,t+1- (A.45)

We can identify the market prices of risk by rewriting m;4 1 as:
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Assuming that ‘géw‘ < 1, it follows that m, < 0. Assuming that ¢y > 1, > 0, and Gy > 0
is a sufficient condition for mg, ms > 0, as well as —1 < m, < 0. As for the market prices of
risk, it is useful to notice that k,wpe > Kmpe. It turns out that A., Az > 0 at all times. The
signs of Ag and As depend on both positive and negative contributions. For instance, for § < 0,
they are characterized by positive contributions stemming from the impact of shocks to Gy
and §; on the return on aggregate wealth, while negative contributions arise from the effect on
the ESG factor. However, the concavity of expected utility with respect to Gy; and d; implies
a diminishing marginal utility of such variables, and thus positive risk premia.

The return on wealth can be formulated as
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As Apcq, Apes, and Ay, are positive, the return on wealth is positively correlated with the
shocks g 141, €54+1, €x,t+1, and ec¢+1. The expected excess return of the consumption asset

can be expressed as
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To determine the risk-free rate of return, we express the Euler equation as
E; [emtitrien] = 1. (A.57)

As rf441 is known at time ¢, it follows that E; [e"/++1] = Belrsi], Thus, the risk-free rate of

return is given by

Tfir1 = —log By [eMH1]. (A.58)
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Then, using (A.38) yields
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A.3 Proof of Proposition 3 (risky asset return)

For an arbitrary risky asset, the Euler equation reads:
Et [Mip1Ry 1] = 1 — 6:Grp. (A.61)
Similarly to (A.31), we can write
log (1 = 6:Gnyt) ~ Kno + kn,GnGnyt + Kn,s0t, (A.62)
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Similar to the approach followed in Online Appendix A.2 for the return on aggregate wealth,

where k,.gn = —

we adopt the log-linearization technique introduced by Campbell and Shiller (1988) to express

the logarithmic return on the risky asset as follows:

Tnt+l = Ken,0 + K‘rn,pdpdn,t—l—l - pdn,t + Adn,t—o—la (A63)

where K,y pg = lipiﬁd and K0 = log (1 + eZTdn) — /@rmpd]ﬂn. Consider the following dynamics:
ePen
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where pgn = (1 — pen) Gn — pen,s6. We make the guess:
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We then write the log asset return as:
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We apply the Euler condition
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M1 + Tngr1 2o + Krno + (Krnpd — 1) Ano + Krnpd (Anclic + Ansits + Ancnticn) + fan
+ (ma + (Ernpapc — 1) Anc) G

ms + (Krnpdps — 1) Ans + Krnpd (An,gpa,s + An.anpcn,s) + Pdan,s) Ot

Mg + (Krnpdpz — 1) Ang + pdn,az) Tt

RrnpdPGn — 1) Ay GnGn,t

AG F Ernpd (An,coc + An,cn0Gn,c) + Odan,c) €G,t+1

+(

(

(

(=Ac + Tdn,e) Ecitt1
(=

(=5 + BrnpdAn 505 + Odn,s) E51+1
(-

+
+
+
+
+
+ (=As + ErnpdAnz0z + Odnge) Ex,t4+1
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+ (Klrn,pdAn,Gno'Gn + O'dn,G’n) EGn,t+1

+ Odn,dMEAM,t4+1 + OdnEdn,t+1- (A.69)

Therefore

0=mo+ Ryn,0 + (Hrn,pd - ]-) An,O + Rrn,pd (An,G;UfG + An,z?ﬂ& + An,Gn,u*Gn) + Udn

(_)‘c + Udn,c)2 4 (_)\G + Krn,pd (An,GUG + An,GnaGn,G) + Udn,G)2

— Kn,0 + 9 9
(_>\6 + Hrn,pdAn,(SUd + Udn,6)2 i (_)\:c + Krn,pdAn,xU:c + Jaln,z)2
2 2
2
(’irn,pdAn,GnUGn + Udn,Gn)2 Odn,dM Ugn
2 Ty Ty

ma + (Krnpapc — 1) Anc) Gwit

ms + (KrnpdPs — 1) Ans + trnpd (An,GPGs + AnGnPGn,s) + Pdn,s — Kn,s) Ot

Mg + (Krnpdpe — 1) Ang + pdn,z) Tt

(KrnpdPcn — 1) An.Gn — En,an) Gyt (A.70)

Finally, the coefficients in (A.66) are

mo + Krn,0 + Krnpd (An,apic + Ansits + An,Gnlicn)
+lhdn — En,0
1 - 2o (- i
An70 _ — +( )\c"r;'dn,c) + ( /\G'Hﬂ”n,pd(An,GO'G';An,GnO'Gn,G)+‘7dn,G) ’ (A?l)
rn.pd + (_)‘6+"€rn,pdA2n,60'6+o'dn,5)2 + (_)\z+ﬁrn,pdf42n,za'z+0'dn,x)2
(m«n, dAn,GnUGn+O'dn,Gn)2 Uﬁn,dM 2n
+ - 2 + 2 + %
A = __me (A.72)
1- Krn,pdPG
A, 5= Mg + Krn,pd (An,GpG,6 + An,anGn,&) + Pdn,s — Kn,s (A 73)
" 1- Rrn,pdPs§ ’
A = Mg + Pdn,x (A.74)
e 1- Krn,pdpm’
—K
An,Gn = n.Gn (A75)

1- Rrn,pdPGn

Note that A, g, > 0 and that the return coefficient on G+ is r,,Gn = kn,gn < 0. Further-
more, A, > 0, and thus 7, < 0, when ¢ > 1. Finally, A, is positive when G, >

Ms+Krn,pd(An,cPG,s+An,GnPGn,s ) +Pdn,s .
— rnopd(An.GP n.GnPGn.3 ) +Pn -. We can also rewrite the return on an asset as fol-
1—(ms+krnpd(An,cPc.6+An.GnPGn,s ) +Pdn,5 )0




lows

—mg + Kn,0
_ (_)\c+o'dn,c)2 _ (_>\G+’irn,pd(An,GUG+An,GnJGn,G)+Udn,G)2
2 2

Tnt+1 =

2 2
(_)\6 +Hrn,pdAﬂ,,50—5 +Udn,5) (_>\1' +Krn,pdA7L,E Ox +‘7dn,x)
- 2 B 2

A 2 2
(Hrn,pd n,GnOGn Udn,Gn) Jdn,leI U(2in
2 2 2

Tn,0
—mg GVV,t + (Hn,d - mé) Op =y x4 + Rn,Gn Gn,t

Tn,G Tn,s Tn,z Tn,Gn

+ Odn,c€ct+1 + (K‘rn,pdAn,GO—G + Krn,pdAn,GnaGn,G + Udn,G) EGt+1
~~—~ ~~
Orn,c Orn,G

+ (Hrn,pdAn,éaé + Udn,&) €s+1 + (ern,pdAn,xO—:B + Udn,x) Ext+1

Orn,s Orn,z
+ (ﬁrn,pdAn,G’nUG’n + Udn,Gn) EGnt+1 T Odn,dM EdMt+1 + Odn Edn,t+1- (A76)
~~ S~—— ~
Orn,Gn Orn,dM Orn,dn

Recalling (12), the excess return 7,441 = rp 41 — 7 f,t+1 can be expressed as

(_/\C+Udn,c)2 (_)‘G"’H'rn,pd (An,GUG+An,Gn0Gn,G)+0dn,G)2

Fn,0 = 2 - 2
2 2
7w ~ (_)‘5+H7‘n,pdAn,6U(§+gdn,6) (_Az"l‘nrn,pdAn,mo.’E""odn,z)
Tot+1 >~ | — b - ;
2
. (Hrn,pdAn,Gno'Gn'i'Udn,Gn) . U?in’djy[ o U(an + )\7% + & + )\7? + ﬁ
2 2 2 2 2 2 2
7211,0

+ En,s 0 + Rn,Gn Gn,t
~~ ——
TAn,(S 'fln,Gn

+ Odn,c€cit+1 + (“rn,pdAn,Go'G + ’irn,pdAn,GnO'Gn,G + Udn,G) €G,t+1
—~—

Orn,c Orn,G

+ (ﬁrn,pdAn,éo'é + O-dn,é) €541+ (’irn,pdAnﬂ:O'x + Udn,:c) Ext+1

Orn,s Orn,z
+ (KrnpdAn,Gn0Gn + Tdn,Gn) EGnt+1 + Tdn.dM EdMt+1 + Tdn Ednt+1- (A.77)
N—— ~~~
Orn,Gn Orn,dM Orn,dn

The first two lines represent the conditional expected excess return, E; [y, 141], which can be

further developed as

By [fn,t—i-l] = Udn,c)\c + (ﬁrn,pdAn,Go-G + Kfrn,pdAn,GnUGn,G + Udn,G) G
1 .
+ (K'rn,pdAn,&O-(S + O-dn,ﬁ) As + Hrn,pdAn,xo'x)\m - ivart [rn,t+1]
Gu(0,-5) 5 (G — G
1-0G, 1-0G,

—Yn,t

+log (1 —6Gp) — (A.78)
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where

V&I‘t [f'n,t—i-l] = U?ln,c + (Hrn,pd (An,GUG + An,GnaGn,G’) + Udn,G)2
+ (/irn,pdAnﬁUé + Udn,é)Q + (Hrn,pdAn,aco'ac + Udn,z)2

+ (’irn,pdAnyGnaGn + Udn,Gn>2 + ULQin,dM + Uc2ln~ (A.79)

Proposition 3 is obtained imposing pgn.s = 0dn,G = Odn,6 = Odn,z = Tdn,Gn = 0.

A.4 Proof of Proposition 3 (market return)

For the market portfolio, we assume Gy = Gw;. Then, we can express the Euler condition
(A.12) as
Et [Mt+1RM’t+1] - 1 - (StGW,t. (ASO)

Recalling (A.31), we can write log (1 — 6:Gwt) ~ kwo + kw,aGwyt + kw560t
We use the following log-linearization for the return of the market portfolio:
TMt+1 = KrM,0 + KrMpdPdare+1 — Pdare + Adarey, (A.81)

ePdnr
14-ePdm

where Kynarpd = and K,p0 = log (1 + ePdu > — mrMypdpidM. Consider the following

dynamics:

Adpr i1 = pam + PaMeTe + Pan,sot

+ OaM cEeyi+1 + TdM,GEG 141 + OdM 55441 + OdM zEx,i+1 + TamEdme+1-  (A.82)
We make the guess:
pdare = Ao + AvaGwi + Ansde + An e (A.83)
We then write the log market return as:

TMt+1 > Kr,0 + Kenipd (Ano + Anaiia + Ansis) — Anro + tan

TM,0

+ (krmpapa — 1) Anrg Gwyi + ((Renvpaps — 1) Ans + pans + KrmpdAv,apa,s) O

T™,G ™,

+ (("@’M,pdpac - 1) AM,:(: + de,:v) Tt

"M,z

+ 0amc el + (KrmrpdArm,coc + 0am,c) €Ge+1
——

OrM,c OrM,G

+ (Kr M pd AN, 505 + Tans) €6,04+1

OrM,s
+ (FrMpdAM 20z + OdMz) Exi+1 + TdM EdM t41- (A.84)
~—
O M. OrM,dM



We apply the Euler condition

E, [emt+1+TM,t+1] ~ €KW,0+HW,GGW,t+I€W,55t7 (A.85)
where

Mit1 + TM+1 X Kr0 + KrMpd (Ano + Avapia + Ansis) — Ao + pan + mo
+ ((krmpara — 1) Anma + ma) Gwy

(Krmpaps — 1) Anrs + pans + ke pdAnr,gpa,s + ms) O

(’{rM,pdp:Jc - ) AM,ac + PaMm,z + mm) Tt

KM pdAM505 + Tam,s — As) €5,04+1

+ (
+ (
+ (Game — Ae) €ct1 + (KrmpdAr,coc + Oam,c — Aa) €Gt+1
+(
+(

KrMpdAM 20z + Carie — Ae) Ex,t+1 + TdMEaM i+1- (A.86)

Therefore,

0 ~Krar0 + Kratpd (Avapa + Anspis) + (Krarpa — 1) Ao + pane + mo

(Gane — Ae)? N (FrMpdArGoG + oarc — Aa)

—rwot 2 2
(Fratpd A 505 + Tanrs — M)
+
2
('%rM,pdAM,anc + 0aM e — )\J:)2 U?[M
+ 5 + 4

+ ((krmrpapc — 1) Amc +ma — kw,a) Gwi
+ ((Brapaps — 1) Anis + pams + ErmpdAm,cpc,s + ms — kws) 0
+ ((FrMpdpe — 1) Arre + pariz + ma) T4 (A.87)

Finally, the coefficients in (A.83) are

KrM,0 + Krpd (Ad,giia + Anrsiis) + ftav + mo

1 Gant.e—Ae)’ A A’
_ dM,c—Ac KrM,pdAM,GOG+0aM,G—Aa
AM’O_l—/@M L Thwot dM~|—( ) ) +(r . 2 ) » (A88)
T 7p
(HrM,pdA]W,éo'é+0'dlw,5_/\5)2 (erw,pdA]\/[,zUz"FUdM,ac_/\Z)2
+ 2 + 2
mag — Rw,G
Ayg=——"-, (A.89)
1- Rr M pdPG
ms + pam,s — Ew,s + KrM pd AM,GPG,
AM,(S = ) (A90)

1- Ry M,pdPs§
My + PdM @

. A.91
1- Ky M ,pdPz ( )



The return can be then rewritten as

2 2
(canr,c—Ac) (KrarpaAn,coc+oan,c—Xc)
Mo AW T g 2
Mit+1 = 2 2
_ (Hrlvf,pdAJVI,60§+Udzv1,6—Aé) _ (HTM,pdAJvI,sz-i-Gdzu,z—)\z) Y
2 2 2
TM,0

+ (“WG —mgq) GW,t + (HW,(; —mg) O — My Ty
"M,G rM,§ "M,z

+ 0dnrc €1 + (KrMpadAM,.coc + 0am,c) €Gi+1
——

-~

OrM,c OrM,G

+ (KrM pdAM,505 + 0dm,5) €5,64+1

OrM,s
+ (BrMpdAM 2Oz + CaM ) €41 + TdM EdMt+1- (A.92)
~—
OrM,x OrM,dM

Recalling (12), the excess return #as¢4+1 = "are4+1 — 7f¢+1 is thus

2 2
(canr,c—Ac) (KrarpaAr,coc+oan,c—Aa)
kwo — 2 - 2
2 2
(Krar,pdAn,505+0ans,6—Xs) _ (Kra,pd AM, 20z +0an,e—Ax)
2 2
2 2 2 2 2
BV Ve S I
2 + 2 + 2 + 2 + 2

1,0

PMe+1 = | —

+ kw,a Gwi + kw,s o
N N

MG M6

/

+ oamcEcir1 + (BrmpdAm,coc + 0am,c) € e+1
——

OrM,c OrM,G

+ (KM pd A, 505 + Tans) €6,641

OrM,s
+ (RrMpdAM 202 + TaMz) Ex1 + TdM €M t+1- (A.93)
~—
OrM,x OrM,dM

ms+pdM,s
_ 1-6(ms+panr,s)’
then Aprs > 0 (Gw > 0 is a sufficient condition for the positivity of Apss). In this case, ex-

1 > 11is a sufficient condition for Ay; ¢ > 0. When pg s = 0, if in addition Gw > —

pected returns are negatively correlated with Gy and d¢, as 7y, 7,5 < 0. The market portfolio

in Proposition 3 is characterized imposing pg.s = pam,s = dam,c = Cam,s = Tam,e = 0.

B Summary statistics

Table A.1 tabulates the summary statistics of the value-weighted portfolios sorted by prior ESG
and environmental scores, constructed following the methodology outlined in Section 3. Panel
(a) refers to portfolios constructed using the entire universe, while Panel (b) is based on the

universe excluding stocks in the technology sector.
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Next, we analyze the weighted-average ESG profile by industry of the stocks in our sample.
To do so, we adopt the Fama-French five-industry definitions and identify stocks in our sample
based on their SIC codes. The time series of capitalization-weighted ESG and environmental-
pillar scores for each of the industry sectors are shown in Figure A.1. As displayed in Panel (a),
no specific industry sector exhibits an ESG score that is consistently above or below the others.
Furthermore, the industry-level ESG scores are always comprised between —0.1 and 0.2. These
observations imply that, according to the ESG scores used for the analysis, no industry sector
is specifically green or brown.

We also assess the prominence of each industry sector in the market portfolio, as well as in
the ESG and environmental-pillar sorted portfolios. The left graphs in Figure A.2 illustrate,
for each portfolio, the time series of the ratios between the total capitalization of each industry
sector and the overall market capitalization. Similarly, the right graphs display the time series
of the ratios between the number of stocks within a specific sector and the total number of

stocks in the universe.

C Estimation methodology

To perform the estimation, we use the Kalman filter (Hamilton, 1994) to write a likelihood
function that is then numerically maximized relative to the parameter space. We first develop
the state space representation, jointly considering the equations representing the dynamics of
consumption growth in (6), aggregate ESG supply and demand in (8) and (9), long-run risk in
(7), the grenness of portfolio j (j = {br, neu, gr}) in (13), market excess return in (A.93), and

individual portfolio excess returns in (A.77):

Aciy1 = pe + Ty + Oce i1, (C.1)
Gwit1 = pe + paGwit + pcsdt + 0GeG 141, (C.2)
Ot41 = s + psOt + 065441, (C.3)
Ti41 = PoTt + OzEx 41, (C4)
Gjt+1 = paj + pajsot + paiGit + 0G5,GEGt+1 + 0GjEG) 141, (C.5)
P41 = P + Pau,aGwie + Pas0t + Tar,e
+ OrM c€ct+1 + OrM,GEG t+1 T OrM,5E5,t+1
+ OrMz€at41 T OrMdAMEIM, 415 (C.6)
'Izj’t+1 ~ fj,() + fj,GGW,t + fj755t + ’f‘j@l't + ijjGj’t
+ Orjc€et+1 + Orj,GEGt+1 + Orj 5E5¢t+1 T Orja€at+1

+ 01j,GiEG) 141 T+ Orj dMEAM t+1 + Trj di€dj,t+1- (C.7)

Note that the right-hand side depends on the current value of the state variables G, d¢,
x¢, and Gjt, as well as on the innovations .41, €q,i+1, €5,i415 €x,t+1> €Gji+1s EdM,t+1, and

€djt+1- The equations can be stacked through a VAR representation:

Xt+1 = AX + BXXt + OXEi+1, (08)
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where:

Acy e Eet+1
Gwt [i%e] G t+1
o s €8,t+1
Tt 0 Ex,t+1
Xi=| Gj¢ |, Ax = | ugj | €111 = | EGjt+1 | > (C.9)
T M,t+1 7M,0 EdM,t+1
Tji41 75,0 Edjt+1
_O 0 0 1 0 0 0 0 ]
0 pe  pas O 0 0 0 0
0 0 05 0 0 0 0 0
0 0 0 Pz 0 0 0 0
: 0 0 0 0 0
Bx=10 0 pgs 0 0 pg 0 00 0 : (C.10)
: : 0 0 00 0
0 fag Fare Pae o0 0 00 0
0 0 00 0
0 i fs Fia 0 Fig 0 00 0
0 0 0 0 0
[ O 0 0 0 0 0 0 0 0 ]
0 oG 0 0 0 0 0 0 0
0 0 o5 0 0 0 0 0 0
0 0 0 Oy 0 0 0 0 0
0 0 0
ox=1| 0 0Gj.G 0 0 0 oG O 0 0 (C.11)
0 0 0
OrMe OrM,G OrM,§ OrMag 0 “or OpMAM 0
0 0 0 0
Orje  OrG  Orjs  Orje 0 orjai 0 opjau 0 opjgy 0
0 0 0 0




We consider as observables the real monthly consumption growth, the ESG scores of the
market (proxying for the greenness of the aggregate wealth portfolio) and its excess return, as
well as the ESG scores of the portfolios and their monthly returns. We stack these variables in
the vector Y;:

/

YZ:[ACt Gwy -+ Gy - Fary oo Fjy oo - (C.12)

The observation equation of the Kalman filter (with zero observation errors) is given by
Y, = HX,, (C.13)

and H is a sparse matrix loading with unit weights the elements of X; that belong to Y;:

= o o O

(C.14)

o O O =
o O = O
o o o O
o o O O
S = O O
o o o O

000O0O0OO0O O0 1

The prediction stage is described by the following transition equations, which provide the

time-t conditional expectation and covariances of the state variables in ¢ + 1:

Xy =Ax + Bx Xy, (C.15)
2§i1|t :BXEt)\(tB/X +ox0, (C.16)

X|o is initialized considering the initial values of the observable variables, complemented by
do and xg, which belong to the parameter space and represent the unobservable initial values
of the processes 0; and x. Zﬁo is initialized at o XU’X. The predicted vector of observables is
thus Y, 1, = H X, ;- The updating equations, which consider the ¢ 41 observed values Y1,

are then

X1 =X + Kepr (Yo — HX ), (C.17)
Et)il\tﬂ :Et)i-l\t — Ky (Hzt)-(i-l\tH/> K., (C.18)

where Ky = 2§i1|tH’ (Hzt)-(i-l\t

parameters ©, equations (C.15) through (C.18) are evaluated recursively. Then, for each time

-1
H' ) is the Kalman gain. Given a candidate set of model

step, the following log-likelihood function is evaluated

n 1
(41 (0) = —5 log (2m) —  log HXY | H'
1 —1
5 (Yi- HX )’ <H2§+1|tH'> (Vi — HX)41)) - (C.19)



The total log-likelihood, ¢ (©) = Zthl ¢ (©), is numerically maximized with respect to the
parameter space © to obtain the model estimates. In the optimization, we impose the long-run
means of the aggregate ESG score, Gy, and the individual asset scores, Gy, to be equal to
their sample means. Similarly, ¢ is equal the sample mean of the filtered state variable ;.
We further set the long-run means of the model-implied price-to-dividend ratios of the market
portfolios and individual assets to match the sample average of the observed price-to-dividend

ratios. Finally, d; is restricted to be nonnegative.

D Supplementary empirical findings

D.1 Supplementary empirical findings based on environmental-pillar scores

Figure A.3 displays time-series findings obtained by estimating the model using environmental-
pillar scores. In particular, the figure shows the expected consumption growth, as well as
environmental scores, expected excess returns, convenience yields, total ESG premium, and
price-to-dividend ratios of the market portfolio and of the portfolios constructed by sorting

stocks based on their environmental-pillar scores.

D.2 Supplementary empirical findings excluding stocks in the technology sector

We report the empirical results obtained by estimating the model when stocks in the technology
sector are excluded from the investable universe. In each of the tables and figures mentioned
below, the findings are obtained observing ESG scores in Panel (a) and environmental-pillar
scores in Panel (b).

Figure A.4 displays the time series of aggregate demand and supply for ESG and environ-
mental attributes. ESG demand exhibits a very similar pattern to that obtained using the entire
universe (Figure 2a), while demand for environmental attributes reaches even higher values than
for the baseline findings in Figure 2b.

Table A.2 reports the parameter estimates, with findings overall in line with those obtained
considering the entire universe (Table 1). For instance, risk aversion is insignificantly different
from 10, the prices of risk are all positive and significant, and the brown portfolio is more
exposed to long-run risk shocks than the green portfolio (papr > pdgr)-

Table A.3 reports the model-implied decomposition of excess returns. Similar to the baseline
findings in Table 2, the green-minus-brown displays a positive and significant ESG demand
risk premium, which partially offsets the negative average convenience yield premium. The
positive and significant average unexpected return induced by shocks to ESG demand adds to
the negative conditional expected return and is essential to match the positive return observed
in the data.

Finally, Figures A.5 and A.6 display time-series evidence that is consistent with that obtained

considering the entire universe, shown in Figures 3, A.3, and 4.



E Supplementary calibration exercises

E.1 Shocks to ESG demand and ESG score in the presence of correlated cashflows

In this section, we perform a set of supplementary analyses studying the impact of dividend
growth rates that are correlated with shocks to ESG demand or ESG scores.

In the first analysis, dividend growth is allowed to be correlated with innovations of ESG
demand and of the asset’s ESG score. This implies relaxing the hypothesis that the coefficients
Odn,s and o4y Gn, appearing in equation (A.65), are equal to zero.

To allow for a conditional correlation between dividend growth and ESG demand, we con-
sider the baseline parameter values reported in Section 4.2 and replace 04,5 (which baseline
value is zero) and og,, with 64, 5 and G4y, respectively, such that i) the conditional correlation be-
tween dividend growth and ESG demand equals the value we aim to impose, Corry [Ady, 141, d¢+1],

and ii) the total dividend growth volatility, ogy tot, is the same as the estimated one:

_ 2 2 2 2 2 2 2
Tdn,tot = \/Udn,c t0anc T %ns T %na T %ancn + Tanam T Tans (E.1)
5dn,6 = Odn,tot ° Corry [Adn,t+la 5t+1] s (EQ)
- 2 2 2 ~9 2 2 2
Odn = \/gdn,tot - (Jdn,c + Odn,G + Odn,s + Odn,z + Odn,Gn + Udn,dM) : (E3)

The graphs in Figure A.7 show that, when dividend growth is positively correlated with
ESG demand, the expected return of the green-minus-brown spread portfolio increases relative
to the zero correlation case, while a negative correlation implies a lower expected return. This
is because the positive correlation implies a return contribution that is also positively correlated
with ESG demand, and thus a higher loading on the positive price of risk of ESG demand. If the
green (brown) asset’s dividend growth is positively (negatively) correlated with ESG demand,
during a positive ESG demand shock the positive realized return gap in favor of the green asset
widens, while the equilibrium expected return gap in favor of the brown asset shrinks. In this
case, the positive effect on the cumulative return of the green-minus-brown portfolio is stronger
and vanishes over a longer period relative to the zero correlation case.

Similarly, to allow for a conditional correlation between dividend growth and the asset’s

ESG score, Corry [Adp 41, Gn t+1], we determine 4y, g, and 4y, such that:

_ 2 2 2 2 2 2 2
Tdn,tot = \/Udn,c 1t 0G4n.¢ T %ns T %ne T %dn.an T Tdnam T Tans (E.4)
&dn,Gn = Odn,tot * COI“I“t [Adn,t—i-la Gn,t—i—l] ) (E5)
~ _ 2 2 2 2 2 ~2 2
Odn = \/Udn,tot - (Udn,c + Udn,G + O-dn,é + Jdn,x + Udn,Gn + Udn,dM) : (E6)

The graphs in Figure A.8 show the response to an annual shock to the ESG score of the
green asset. When the correlation between the dividend growth and the ESG score is zero,
the effects on returns are qualitatively similar to those described for an aggregate ESG demand
shock, while the impact on both expected and realized returns is slightly weaker. This is because
a positive shock to the ESG score triggers only an increase in the convenience yield, but does

not imply a reducing risk-free rate.



A positive correlation between dividend growth and ESG score is plausible if an improvement
of the firm’s ESG profile triggers a higher demand for goods and services and thus higher
cashflows. Then, the realized return corresponding to the positive ESG score shock can be
significantly higher than that in the baseline case. The correlation between dividend growth
and ESG score could yet be negative. For instance, this could result from increasing costs
incurred for the improvement of the firm’s sustainability profile. Then, the negative cashflow
effect could imply a lower, even negative, realized return due to the unexpected ESG score

improvement.

E.2 Effect of ESG demand on ESG supply

The graphs in Figure A.9 show the responses to a one-standard deviation positive annual shock
applied to ESG demand when the parameters pg s and pgr s in equations (A.34) and (A.64) are
allowed to be nonzero. Positive values would capture the endogenous increase in ESG supply
upon increasing ESG preferences. For instance, a value pggr 5 = 5 (10) implies that, following a
positive one-standard deviation annual shock to &, the long-run ESG scores of the green asset
increases by about 8 (16) percentile points.!

In our calibration, when the drift of ESG scores is positively related to ESG demand
(PG5, pcn,s > 0), the realized return contemporaneous to the shock of both the green and
brown assets are higher than in the base case (pgs = pan,s = 0). A similar effect is observed
on the valuation of the assets following the shock, as the nonpecuniary benefits are higher than
in the base case for both assets. As the correlation between the nonpecuniary benefits of the
green (brown) asset and the nonpecuniary benefits of the wealth portfolio is higher (lower) than
in the base case, the expected return of the green (brown) asset is also higher (lower).

Remarkably, while the values considered for the parameters pg s and pgp s imply sizable
effects of an increase in ESG demand on ESG scores, the impulse response exercise highlights
that the key model implications on expected and realized returns are qualitatively unchanged

relative to the baseline specification.

E.3 Effect of long-run aggregate ESG supply

In our setup, according to equation (2), for a given aggregate ESG score Gy, a variation in ESG
demand Ad; implies a variation in aggregate nonpecuniary benefits proportional to Gy Ad;.
The representative agent’s utility in equation (1) depends on these benefits. Then, when the
aggregate ESG score increases, the sensitivity of the agent’s utility to ESG demand shocks also
increases, leading to a higher market price of ESG demand risk. Conversely, when Gy turns
negative, the sensitivity to ESG demand shocks flips sign, i.e., an increased ESG demand implies
lower aggregate nonpecuniary benefits, as the agent perceives a brown aggregate portfolio as
more harmful, and the market price of ESG demand risk turns negative.

To assess this effect in the context of the log-linearized model, we take the long-run aggregate
ESG score Gyy, estimated at about 0.05, and consider higher (0.15) and lower (—0.05) values,

corresponding to improved and worsened ESG profiles by one decile in the normalized scale

!The variation of the long-run ESG score of asset n corresponding to an increase in ESG preferences A§ is
PGn s A

given by Ty



[—0.50,0.50]. Increasing Gy results in a threefold increase in the market price of ESG demand
risk, As, rising from 0.0107 to 0.0342. Consequently, the ESG demand risk premium for the
green-minus-brown portfolio increases from 22 to 70 basis points per month. Conversely, when
Gy is decreased to —0.05, \s flips sign, diminishing from 0.0107 to —0.0128. Then, the ESG
demand risk premium for the green-minus-brown portfolio decreases from 22 to —26 basis points
per month. Although these values correspond to extreme cases, as 0.15 and —0.05 exceed the
maximum and minimum observed values for the market ESG score, the resulting ESG demand
risk premia are not unrealistically large. For comparison, the convenience yield premium of the
green-minus-brown portfolio is —37 basis points on average and —126 basis points in 2022.

To explore the impact of a higher or lower market ESG profile on the response to an un-
expected ESG demand shock, we conduct an additional comparative statics impulse response
exercise by varying the long-run mean of the aggregate ESG score. As represented in Figure
A.10, an elevated long-run market greenness reduces the gap in expected returns between brown
and green portfolios, reflecting an increase in the ESG demand risk premium for the green-minus-
brown portfolio. Conversely, the gap widens for a lower aggregate greenness. Corresponding
to an annual one-standard deviation shock to ESG demand, the gap widens approximately by
the same amount irrespective of the value of the long-run market ESG score. The unexpected
return contemporaneous to the ESG demand shock, which adds to the expected return to de-
termine the realized return, as well as the valuation ratios, are also approximately unaffected
by the value of Gy. Overall, the effect of an increased long-run market ESG score for the
green-minus-brown portfolio is primarily concentrated on the ESG demand risk premium com-
ponent, influencing the time required for the cumulative realized return to absorb the shock.
For the baseline value of Gy, the recovery time is approximately four years after the shock,
while a long-run market greenness increased by one decile extends the recovery time to about

nine years, and a decreased value shortens it to three years.



Figure A.1: Capitalization-weighted ESG and environmental scores by industry sector.

The figure shows the time series of the capitalization-weighted ESG and environmental scores by industrial sector,
as well as of the market portfolio.
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Figure A.2: Relative capitalization and number of stocks in ESG and environmental score-sorted
portfolios by industry sector.

The graphs show the time series of the relative capitalization and number of stocks of the five industry sec-
tors within the market and score-sorted portfolios. Panel (a) is based on ESG scores, Panel (b) is based on
environmental scores.
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Figure A.2 (continued)

(b) Portfolios based on environmental scores
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Figure A.3: Time series of expected consumption growth, environmental scores, expected excess
returns, and price-to-dividend ratios.

The figure shows the estimated time series of expected consumption growth, environmental scores, expected
market and portfolio excess returns, convenience yields from environmental ESG investing, total environmental
ESG premia, as well as price-to-annual dividend ratios. All quantities are annualized. The green, neutral, and
brown portfolios are obtained sorting stocks by environmental scores. The estimation is performed by maximum
likelihood, observing the time series of market and portfolio returns, environmental scores, and consumption
growth, as well as average price-to-dividend ratios. The sample runs from January 2007 to December 2022.
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Figure A.4: Time series of aggregate demand and supply for ESG and environmental attributes
(excluding stocks in the technology sector).

The figure shows the estimated time series of aggregate ESG demand, d:, and supply, Gw,;. The sample runs

from January 2007 to December 2022.
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Figure A.5: Time series of expected consumption growth, ESG scores, expected excess returns,
and price-to-dividend ratios (excluding stocks in the technology sector).

The figure shows the estimated time series of expected consumption growth, ESG scores, expected market and
portfolio excess returns, convenience yields from ESG investing, total ESG premia, as well as price-to-annual
dividend ratios. All quantities are annualized. The green, neutral, and brown portfolios are obtained sorting
stocks by ESG score. The portfolios are obtained excluding the technology sector and value-weighting stocks
sorted by their ESG scores in Panel (a) and environmental scores in Panel (b). The estimation is performed by
maximum likelihood, observing the time series of market and portfolio returns, ESG or environmental ratings,
and consumption growth, as well as average price-to-dividend ratios. The sample runs from January 2007 to
December 2022.
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Figure A.5 (continued)

(b) Estimation based on environmental scores
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Figure A.6: Returns of green-minus-brown portfolio (excluding stocks in the technology sector).

The left graphs show the realized cumulative logarithmic return of the green-minus-brown portfolio, as well as the
model-implied expected return, the unexpected return contribution attributable to ESG demand shocks, and the
model-implied expected return augmented by the unexpected return contribution attributable to ESG demand
shocks. The right graphs show the 12-month rolling logarithmic return of the same portfolio. The portfolios
are obtained excluding the technology sector and value-weighting stocks sorted by their ESG scores in Panel (a)
and environmental scores in Panel (b). The estimation is performed by maximum likelihood, observing the time
series of market and portfolio returns, ESG or environmental ratings, and consumption growth, as well as average
price-to-dividend ratios. The sample runs from January 2007 to December 2022.
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Figure A.7: Impact of cashflows’ correlation with ESG demand.

The graphs show responses to a one-standard deviation positive annual shock applied to d;. Solid lines correspond
to zero correlations, Corrs [Adgr ¢41,0:+1] and Corrs [Adpr 141, 0¢+1], between portfolio dividend growth and 6.
Dashed lines correspond to a negative (positive) correlation for the green (brown) asset. Dotted lines correspond
to a positive (negative) correlation for the green (brown) asset. The expected and realized excess returns of the
brown and green portfolios, the cumulative return of the green-minus-brown portfolio, and the price-to-annual
dividend ratios of the brown and green portfolios are shown. The state variables are initially set at their average
values and the shocks are equally distributed throughout 12 consecutive months. Online Appendix E.1 provides
detailed information on the mapping of correlations on the parameter space.
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Figure A.8: Impact of cashflows’ correlation with ESG score.

The graphs show responses to a +0.1 annual shock to the ESG score of the green portfolio. Solid lines correspond
to a zero correlation Corr; [Adgr 41, Ggr,t4+1], dashed (dotted) lines to a negative (positive) correlation. The
expected and realized excess returns of the brown and green portfolios, the cumulative return of the green-minus-
brown portfolio, and the price-to-annual dividend ratios of the brown and green portfolios are shown. The state
variables are initially set at their average values and the shocks are equally distributed throughout 12 consecutive
months. Online Appendix E.1 provides detailed information on the mapping of correlations on the parameter
space.
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Figure A.9: Impact of dependence of ESG scores over ESG demand.

The graphs show responses to a one-standard deviation positive annual shock applied to d;. Solid lines correspond
to the baseline specification, where the dynamics of ESG scores in Equations (A.34) and (A.64) is independent of
ESG demand (pa,s = pan,s = 0). Dashed and dotted lines correspond to a positive dependence (pa,s = pGn,s = 5
and pa,s = pan,s = 10, respectively). The expected and realized excess returns of the brown and green portfolios,
the cumulative return of the green-minus-brown portfolio, and the price-to-annual dividend ratios of the brown
and green portfolios are shown. The state variables are initially set at their average values and the shocks are
equally distributed throughout 12 consecutive months.
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Figure A.10: Impact of ESG demand shock for different values of long-run aggregate ESG score.

The graphs show responses to a one-standard deviation positive annual shock applied to d;. Solid lines correspond
to the estimated value of the long-run market ESG score, i.e., Gy = 0.0456. Dashed and dotted lines correspond
to values of Gw that are respectively increased (0.1456) and decreased (—0.0544) by one decile within the scale
of ESG scores [—0.50,0.50]. The expected and realized excess returns of the brown and green portfolios, the
cumulative return of the green-minus-brown portfolio, and the price-to-annual dividend ratios of the brown and
green portfolios are shown. The state variables are initially set at their average values and the shocks are equally
distributed throughout 12 consecutive months.
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Table A.1: Summary statistics

The table reports the summary statistics of the value-weighted portfolios based on prior ESG and environmental
scores. Portfolios in Panel (a) are constructed considering the entire universe of stocks, portfolios in Panel (b)
are constructed excluding stocks in the technology sector. The portfolio construction methodology is described
in Section 3.

(a) All stocks

ESG-score portfolios Environmental-score portfolios

Market Brown Neutral Green Market Brown Neutral Green

Average monthly return (%) 0.84 0.71 0.82 0.88 0.84 0.77 0.85 0.87
Monthly return standard deviation (%) 4.57 5.13 4.69 4.47 457 5.13 4.86 4.34
Average score 0.05 -0.37  -0.07 0.32 0.09 -0.37  -0.06 0.35
Score standard deviation 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.04
Min score -0.03 -0.41 -0.13 0.25 0.03 -0.40 -0.10 0.28
Max score 0.14  -0.30 0.00 0.37 0.15 -0.33 -0.01 0.41
Average market capitalization (US$ trillion) 20.63 3.99 7.39 9.25  20.63 2.87 7.61 10.15
Average number of stocks 1491 448 596 447 1491 448 596 447

(b) All stocks excluding technology sector

ESG-score portfolios Environmental-score portfolios

Market Brown Neutral Green Market Brown Neutral Green

Average monthly return (%) 0.75 0.70 0.76 0.77 0.75 0.62 0.73 0.83
Monthly return standard deviation (%) 4.52 5.19 4.78 4.26  4.52 5.30 4.87 4.24
Average score 0.02 -0.38 -0.08 0.31 0.07 -0.38 -0.08 0.33
Score standard deviation 0.04 0.03 0.03 0.03 0.04 0.02 0.03 0.05
Min score -0.07  -0.42 -0.14 0.25 -0.02 -0.41 -0.13 0.24
Max score 0.10 -0.31 -0.01 0.38 0.15 -0.34 -0.02 0.40
Average market capitalization (US$ trillion) 14.80  3.11 5.34 6.35 14.80 2.22 5.38 7.20
Average number of stocks 1270 381 508 381 1270 381 508 380




Table A.2: Parameter estimates excluding stocks in the technology sector.

The table reports the estimated parameters for the baseline model specification. The subjective discount rate
[ is set at 0.998, the intertemporal elasticity of substitution ¢ at 1.5, the long-run risk persistence p, at 0.979,
its volatility o, at 0.00034, and the persistence of ESG demand ps; at 0.9999. The brown, neutral, and green
portfolios are obtained by value-weighting stocks sorted by their ESG scores in Panel (a) and environmental
scores in Panel (b). The estimation procedure is described in Section 4.1. The sample runs from January 2007

to December 2022.

(a) Estimation based on ESG scores

Economy-wide parameters (©g) and market prices of risk

Y He Oc zo ke PG oG ) ] o5
10.27107 0.00113 0.01212  0.00031  0.00032 0.98600 0.00942  0.00024 0.00045 0.00004
(2.53918) (0.00131) (0.00061) (0.00365) (0.00020) (0.00901) (0.00047) (0.00012) (0.00014) (0.00000)

c Aa As e
0.12446 0.00384 0.00415 0.14215
(0.03127) (0.00126) (0.00119) (0.03673)

Market portfolio parameters (©py)

HdM PdM OdM,c TdM
0.00498  3.69382  0.00125  0.00291
(0.00130) (0.69363) (0.00348) (0.01047)

Brown portfolio parameters (©y,.)

Hdbr Pdbr,x Odbr,c Odbr,dM Odbr HGor PGbr 0GurG OGbr
0.00574  3.97858  0.00259  0.01145 0.00466 -0.00351 0.99066 -0.01501 0.01701
(0.00156) (0.79657) (0.00398) (0.01456) (0.00087) (0.00389) (0.01035) (0.00145) (0.00084)

Neutral portfolio parameters (O pey)
Hdneu Pdneu,x Odneu,c  Odneu,dM Odneu HGneu PGneu OGneuG OGneu
0.00530 3.81903  0.00075 -0.00610 0.00001 -0.00338 0.95578 0.00197  0.00973
(0.00139) (0.75475) (0.00368) (0.01300) (0.00076) (0.00184) (0.02414) (0.00070) (0.00049)
Green portfolio parameters (O ;)

Hdgr Pdgr,x Odgr,c Odgr,dM Odgr HGgr PGgr OGgrG OGgr
0.00439  3.46856  0.00111  0.00653  0.00093 0.00422 0.98635 0.01759 0.01742
(0.00130) (0.64990) (0.00327) (0.01060) (0.00053) (0.00278) (0.00900) (0.00155) (0.00084)

(b) Estimation based on environmental scores
Economy-wide parameters (© g) and market prices of risk

Y He oc zo Ba PG oa ) 5 o5
13.23035 0.00224 0.01208 -0.00090 0.00246 0.96554  0.01215 0.00010 0.00114  0.00005
(2.51290) (0.00136) (0.00061) (0.00362) (0.00078) (0.01094) (0.00061) (0.00013) (0.00017) (0.00000)

Ae Ag As A
0.15978  0.00966  0.02312  0.18772
(0.03115) (0.00200) (0.00661) (0.03688)

Market portfolio parameters (O )

Hdm PdM,z OdM,c oaM
0.00700  3.58461 0.00114  0.01184
(0.00174) (0.57199) (0.00345) (0.01166)

Brown portfolio parameters (0;,)

Hdbr Pdbr,x Odbr,c Odbr,dM Odbr HKGbr PGbr OGburG OGbr
0.00846  4.08316  0.00138 0.00535 0.00431 -0.05435 0.85650 -0.01971 0.01930
(0.00162) (0.58987) (0.00409) (0.01416) (0.00168) (0.01078) (0.02846) (0.00173) (0.00095)

Neutral portfolio parameters (O new)

Hdneu Pdneu,x Odneu,c Odneu,dM Odneu HGneu PGneu OGneuG OGneu
0.00731  3.67717  0.00147 0.01888 0.00174 -0.00569 0.92769 0.00136  0.01071
(0.00209) (0.70049) (0.00372) (0.01400) (0.00098) (0.00230) (0.02924) (0.00077) (0.00054)

Green portfolio parameters (©4,)

Hdgr Pdgr,x Odgr,c Odgr,dM Odgr HGgr PGgr OGgrG OGgr
0.00633  3.36876  0.00079  0.00929 0.00006 0.01492 0.95491 0.02564 0.01579
(0.00164) (0.50490) (0.00321) (0.01056) (0.00046) (0.00451) (0.01364) (0.00174) (0.00076)




Table A.3: Decomposition of model-implied excess returns and average observed excess returns

excluding stocks in the technology sector.

The table reports the observed and model-implied annualized excess returns, as well as the decomposition of
model-implied excess returns. The brown, neutral, and green portfolios are obtained by value-weighting stocks
The estimation procedure is

sorted by their ESG scores in Panel (a) and environmental scores in Panel (b).

described in Section 4.1. The sample runs from January 2007 to December 2022.

(a) Estimation based on ESG scores

Portfolio Market Brown Neutral Green Green-brown
Model-implied short-run consumption risk premium 0.19% 0.39% 0.11% 0.17% -0.22%
(0.55%) (0.62%) (0.59%) (0.51%)  (0.21%)
Model-implied long-run consumption risk premium 7.78% 856% 8.15% T.17% -1.39%
(1.66%) (1.98%) (1.84%) (1.58%)  (0.49%)
Model-implied ESG supply risk premium 0.01% 0.00% 0.01% 0.01% 0.01%
(0.01%) (0.01%) (0.01%) (0.01%)  (0.00%)
Model-implied ESG demand risk premium 0.00% -0.04% -0.01% 0.03% 0.08%
(0.00%) (0.01%) (0.00%) (0.01%)  (0.02%)
Average model-implied convenience yield premium -0.03% 0.19%  0.03% -0.17% -0.36%
(0.00%) (0.06%) (0.01%) (0.05%)  (0.11%)
Average model-implied expected excess return 6.69% 7.44% 6.90% 6.09% -1.35%
(1.64%) (1.96%) (1.81%) (1.60%) (0.50%)
Average ESG demand shock-induced return (§-induced return) 0.07% -1.54% -0.34% 1.09% 2.63%
(0.03%) (0.20%) (0.04%) (0.16%)  (0.36%)
Average model-implied expected excess return + §-induced return 6.76%  5.90%  6.56%  7.18% 1.28%
(1.63%) (1.98%) (1.80%) (1.57%) (0.57%)
Average observed excess return 6.97% 591% 6.85% 7.33% 1.41%
(b) Estimation based on environmental scores
Portfolio Market Brown Neutral Green Green-brown
Model-implied short-run consumption risk premium 0.22% 0.27% 0.28% 0.15% -0.11%
(0.64%) (0.76%) (0.69%) (0.60%)  (0.34%)
Model-implied long-run consumption risk premium 9.93% 11.68% 10.27% 9.20% -2.48%
(1.90%) (1.95%) (2.37%) (1.68%)  (0.62%)
Model-implied ESG supply risk premium 0.06% 0.05% 0.05% 0.06% 0.01%
(0.03%) (0.03%) (0.03%) (0.03%) (0.00%)
Model-implied ESG demand risk premium 0.05% -0.29% -0.06% 0.24% 0.54%
(0.02%) (0.08%) (0.02%) (0.07%)  (0.15%)
Average model-implied convenience yield premium -0.14% 0.53%  0.08% -0.49% -1.02%
(0.02%) (0.08%) (0.02%) (0.07%)  (0.15%)
Average model-implied expected excess return 8.85% 10.51% 9.15% 8.04% -2.46%
(1.84%) (1.74%) (2.28%) (1.69%)  (0.59%)
Average ESG demand shock-induced return (§-induced return) 0.49% -2.717% -0.56% 2.26% 5.04%
(0.06%) (0.23%) (0.05%) (0.21%)  (0.44%)
Average model-implied expected excess return + d-induced return 9.34%  7.73%  8.60% 10.31% 2.57%
(1.81%) (1.82%) (2.28%) (1.60%) (0.61%)
Average observed excess return 6.97% 4.89% 6.46% 8.03% 3.14%




