


I /I/’tmdu obon

@mQ'lelS : o Uhat efffed mvedors have on social ok comes ?
2 hon galbium st > Prbire m 7/2;:&: = mitgatim of ofzm chan y
- o > Cnséqu, hestors ¢ Caprfal ot Le adm and
P\qd\'g model. Wit Pmduot'vh e? or ﬁrz;'t'mem?t » m\,?a*):j cd{“mal;e cﬁMj@
g publit good prosm
’ .lf eﬁ‘wn\@, how dhes it Compare to (and Mleract with)
gwammwc —  tuaYes
pubie gvods
provizions —  cubsidies

Wyl adu‘w"hj ﬂVlPacI ?



P 2z i af: resukts

. -EnMnma\tagg conscious vestors : - st more weadth
(S, fhanidt imestors ) v puble, good poferon = less sk averse

- et more ! clean 'Fi‘rmS
When corr( clean. ob‘r'ty) S low |, also vect more n oty

hndgmﬂ
- pn‘ws
P rwmm ;f env. cottribuditn > sys. risk
amw

Imf’f@ﬂm qﬁ a c[é’an 74?01' carries ++ sys- risks,
gutpu-—ﬁ)m (op. return 1)
+ Free - riding effect:  under st relatre o SP’ ohoice

© investirs do widt Wternalize the benzﬁ*(;s VF their-
westmests on oHhers



Exfen SIvm$

’ dfriﬂ farm contrbutes regaiively to the publc 3:700/5
L nejaitiue, extunaity ]
= onv. Mestors Muest less m the oﬂﬂ’E'j firmg
= totoh Pm\n‘sf‘m\ /‘ wonestments Cncevitrate on clean f.‘rms

o allow divct provizim ( olonativns )
/ ( gV up fancal cetums M excharge for mor publt
weaHj mcrease 9170&7 and  loss Por'tﬁla‘o risk )

Fr\m‘sm
. unmmﬁj M how Pubht 3uoal condrbudibns  resutt m bemﬁ*ts

= w\w-tmrfﬂ f = {PMJ’/:C 3000( Frw/udvb'n &:

ﬂrmn vest hands N

wm@c clean. al«‘fi'lj )T



/‘AW(d 2 periods

t=0:

+ companies sell shares to investors

» investors invest in these shares and riskless assets

+ Companies allocate capital to their normal production and to climate
change mitigation

t=1:

* production occurs

« State of world realizes
* Investors enjoy payoff



Investors Environmental conscious investor E and financial investor F
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Let 6; , be the fraction of investor i’s wealth invested in firm n and 6; s
be the fraction of her wealth invested in the risk-free asset. Her budget
constraints at t =0 and t = 1 are as follows:

By e
/\/H
t=0 Z i nwo + 0; fwo = wo,

ne(C,D)
t=1: Wi = Z (1 + rn)emwo + (1 + ’I”f)@i’fa}o.
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Gi=wo [L+rs+ D Fnbin |, (1)
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max Ug = Eo(0g) —vVar(©p)/(2w) + v f(G),
Op =(0c, §p)°

where O = wy (1 + 7+ ZRE(O’D) fn@E) and G = H(Op,OF).
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Firm n’s maximization decision is given by:
shchastie o3 it factor
max FoMé,(k, — zn)%z;f% — ky,

Zn,kn

and firm n’s investment decisions yield (see proof in Appendix A.1):

zn = (1 = vn)kn. (2)
= Jn = Apky, where A, = EnYn" (1 — )t m,

L
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3 Equilibrium

We now solve for the equilibrium allocation. The equilibrium consists of the
investors’ portfolio allocations (Og,©r), firm investments (kc, kp, z¢, 2p),
and stock expected excess returns 7, 7p such that:

(i) the investors’ portfolios maximize their expected utility;

(ii) each firm chooses investments to maximize contingent claim value
for shareholders;

(iii) asset markets clear;

kn = Z ei,nWOa (3)

Z 97;,f =0, (4)

and payoffs are realized and distributed, and the public good is produced
G=) 2



Nim = 1 - Tns (5>

© — (1 -7vf(G), (6)

7=

vy
T

Proposition 1. The optimality conditions for investor i, i € {E, F'}, lead

to the following asset allocation:

(1 —vc — p(1 - 70))@!}#’((?) +Tc — Tpp

e’i,c - ]/(1 — p2)0_2 9
(1 —p — p(1 — vc)>¢if’(G) +7p —Top
ei,D = V(l — pQ)O_Q (7)

Vez VU b 5 Ope > 0
0] Vo2V 2 Ec > Otp

@ f>,f:9y:e_ = Opp <« Of>
I— Jc
(,orrilaﬁwnw rdumss‘slacae_

investor E invests more in the clean firm than investor F, i.e. g c > O0pc.
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Corollary 1. In equilibrium, investor E shorts the riskless asset and in-
vestor F' longs it. Investor E invests less (more) in the dirty firm than
investor F' when the stock correlation (p) is larger (smaller) than the rela-

tive weighting of the dirty and clean firm on the public good ( i:% .

U hestor T borrows 'frvm Mmveshr D oot
the risk-free recte

Lemma 1. The absolute risk aversion of environmentally conscious in-

vestors is lower than that of financial investors.
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Proposition 2. The expected excess returns of firm n in equilibrium are: @
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where




Let B, be the standard CAPM beta, i.e., 8, = M)
oM

Cov fM,f _ _
= @ (a;w n)rM””:L”thfam (11)

L publi fodtor
c:ﬁ pﬁu by trackhtral GApA.

<=> 3 abnormal return o, iff B, # BC.

GIN% FM >0

(12) does not hold, then 8¢ > B, and therefore a,, > 0.



Proposition 3. Whether firm n generates CAPM-alpha depends on its sys-

tematic risk B, and its relative public good investment contribution, i.e.,

l—n
1=, Onyn”

1. When Bc < 1, the clean firm generates a negative alpha and the dirty

firm generates a positive alpha.

2. When Bc > 1, the sign of alpha for each firm depends on the parame-
ters.

As shown in the proof, the necessary and sufficient condition for So < 1
to hold is ¢ < 6p. Furthermore, whenever Sc < 1, 8p > 1. This means
that when clean firms are a smaller part of the market portfolio than dirty
firms, clean firms exhibit a systematic risk lower than 1 and dirty firms

exhibit a systematic risk higher than 1. Since clean firms’ relative public
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s.t. WE = wy (1 +re+ Z fne%’n> ) (13)

ne(C,D)

G = H(04%,,0%), (15)

PVVP? . LP i (1 —vc —p(1 — WD)) Yo if (GP) + 76 — Thp
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Investors have identical asset allocations.



Proposition 5. In the planner’s equilibrium, the expected excess returns of

firm n are expressed as:
_ GP _
=By T (17)

where
Cov(i®,, ) — 21 (1 — 1) 1 (G?)

o2, — 2 (1= 3, o) ()

Controlling for v, the planner’s equilibrium produces more public goods

GP
B =

(18)

than the market equilibrium.
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When the government levies tax 7 from each investor, there is 27 avail-
able to contribute towards G. To capture the inefficiency or any organiza-
tional costs in the government (Bandiera et al., 2009), we model a waste

cost of A, namely, for 7 amount of taxes levied, only (1 — A\)7 effectively

contribute to public good provision.'®

With taxes, the total amount of public good provision amounts to:

"
G(r) = 2( (wo —T>@m +(wo = )p(r)(1=7p) ). (19)

aliohon as a  funefion of st A
it ﬂdy ‘Hoo:jh éf

s
Since investors take taxes as given and the tax is lump-sum, in this
environment the only way taxes could affect the investors’ portfolio choices
is through the public good G (recall from Proposition 1 that f/(G) affects

investors’ portfolio choices).!?
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Lemma 2. When f" = 0, levying T from investors’ initial wealth does

not alter asset prices nor allocatwns.

Proposition 6. Suppose f”’(G) = 0. When the government levies tazes

T from each investor, it crowds out private provision of public goods by

271(A+ >, (1 —vn)6n). Therefore:

1. If X < ~¢, the total provision of public goods always increases; hence,

crowzmg out is not complete.

2. If X > ~¢, whether total provision of public goods increases depends
on the_relative strength between private wealth allocation to the clean

firm and the government’s waste cost.

(a) If bo < 2222,
of public goods imcreases.

crowding out is not complete - the total provision

(b) If Oc > 7D , the total provision of public goods decreases.
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Proposition 7. In equilibrium,

ﬁr 5»4,;:5[3, 1. Firm n’s green investment z, 1s:
1—,
=T fen: (24)
d(“’“ﬁ(‘;))
2. For any level of green subsidy § € (0,1), 7p(8) > Tpn, and ﬁ“—

0. A green subsidy does not change the asset pricing implications of
condition (12) for CAPM alphas.

3. The total amount of public good provided has a non-linear relationship
with the green subsidy, and

= 1-48 _ ) d®
where = = T F(0=75)83) and ® = SA=N) - Note that Gz > 0 and

whenever the semi-elasticity eg,.s > (0 — N, 3—? < 0.






