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Appendix for Section III.A: Computing the Market Equilibrium

The dynamics of instantaneous returns are given by:

Di d
Ry = 2% g+ Doy 0t + Ty(n)dBy — Ay(n)dB, — wdN;
Vi Vi
Di v,
dR, = 12/“9 dt + T2 = Ag(n)dt + Ty ()dBy + A,y (1)dB, — wdN;
g g
where:
]- . . / . /
Ao(n) = 3 o) {200 = Byin(n)? + 2is(n) [=1(n — V)py(n) + po(n) — 1] + 2n(n — V)ig(n)p,(n)

+0(n —1)* (00® + 04°) py () + 2n(n — Vpl(n) [(n = 1) (00 + 04°) =t + pg] + 2mpe(n) } ;

Ag(n) = {2% Ogiqg(n) + 2ig(n) [n(n — 1)pl(n) + py(n) — 1] — 2n(n — 1)iy(n)p,(n)

2pg

+n*(n— 1) (ab +0%) pi(n) + 2n(n — Dpl(n) [0 (0> + 04%) — s + 11g] + 2444(0) } 5

I'y(n) = oy +opn (1 — 1)

Ay(n) = ogn (1 —n)

Ly(n) = own(1—1n)

and

Div, = K, (an —in(n) = 6, Zn(n))

is the dividend payment made by brown/green firms.

Thus, the wealth process has dynamics:



AW = [r(mW — (MW + m(m)We (As(11) — 7(n)) + (MW (Ag(n) — r(n))] dt

AW [my(m)To(n) + 7 (ML g ()] dBy + W [=m(0) Ay (1) + 74(1)Dy(n)] dBy — WrpdN,

where ¢(n), my(n), m4(n) are the fractions of wealth consumed and invested in the brown and
green firms, respectively; and r(n) is the equilibrium risk-free interest rate.

The value function M (W;n) = super,x, {E [ [~ e " u(C(t))dt]} satisfies the HIB

equation:
( —pM (W3n) +u (c(n)W) |
+ My (Win) W [r(n) — c(n) + m(n) (Ap(n) — (1))
+mg(1) (Ag(n) — (1))
+3 Myww (W) W2 [(m ()T () + 74 ()T (1))
AL 0= max 4 (=m(n)Ay(n) + () A ()]

+M,, (W) D(n) + My (Win) n? (1 —n)? (02 + 02)
+Myyy (Wim) Wn (1 —=mn) [0y (m(n)s(n) + 7g(n)Lg(n))
+0g (mo(17)Ap(1) — 7g(1)Ag(n))]

|+ (M (W = Wip(mp(n) + mg(n));n) — M (W;n)]

We guess (and subsequently verify) that:

(1A.2) M (W; )—f()wl—uwlﬂ_1
' . ! p(L—=7)
The optimal controls are given by:
11+
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and



M (=) f ) +4| (1= )7 =X = Ym(n) - 2/
Wg(n = T
where
X = [(1 )+ 1} [Aolm) — ()]
P
Y = () [(1 ) fm)+ ﬂ Ty (mT(n) — Ay () Ay()]

Z = (1= (m)n@—mn)lols(n) + ogle(n)];

T = (") [(1 —y) f(n)+ ﬂ [T5(n) + AF(n)] 5

Z'= 1 =) f (mn—n)losly(n) —osg(n)];

T' = (=) {(1 —) f(n)+ ﬂ [To(m) + Ag(m)] -

Substituting equations (IA.2), (IA.3), and (IA.4) into equation (IA.1) we obtain:
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In equilibrium, the following market clearing conditions must hold:
(A). Goods market equilibrium condition: ¢;(n)W = Divy, + Div,,.
(B). The agent holds both trees in equilibrium and none of the bond: m,(n) = K*’pr(") :
my(n) = 2452 and m(n) + 7y(n) = 1.

Equating the optimal allocations in equation (IA.4) with condition (B), we have that

in equilibrium the price-to-capital ratios and risk-free interest rate should satisfy:

nps(1) _ —1 A .
A0 S+ (=m0 + A 1 0 70 el =

HIN0) = Byt P

- (1(1_;)7; {7;)(713 %77 (1 - 77) [Ube('rz) + UgAb(ﬁ)] },
and
(1 —n)pg(n) _ —1 N .
AT T Q- 7w+ dag] O =97 = () = ()]
L)) — Ag() Ag()] —— P20

nps(n) + (1 = n)py(n)
(1—7)f"(n)

o f Il = oAy}

In addition, using the optimal consumption in equation (TA.3) together with the firms’

investment decisions in equation (23), we can rewrite the market clearing condition (A) as:

(1A8) [<1 )+ %] 7 ps(n) + (1= )p ()]

We solve for py(n), pg(n), (1), f (n) that satisfy the system of equations (IA.5)-(IA.6)-



(IA.7)-(IA.8) using the following procedure: First, we obtain f(n) in terms of py(n), pys(n)
from equation (IA.8), and 7(n) in terms of py(n),p,(n) from equation (IA.6). Substituting
them into equations (IA.5) and (IA.7), we have a system of ODEs for py(n), p,s(n), of which
the boundary conditions come from the single-sector economy when we replace n = 0 or
n = 1 into the system. Finally, we numerically solve the system of ODEs for py(n),p,(n),

and subsequently retrieve f (1) and r(n).

Appendix for Section III.B: Computing the Social Planner Solution

We provide a brief description of the social planner’s solution. The planner’s value
function G (K; K,) satisfies the following HJB equation:
(IA.9)

/

PG (K Ky) + u (B3 (= i () = %32 () + K, (g — iy () = $i2 (n)) )

+Gr, (K Ky) Ky (in () + 1) + 3Gr, i, (K; K,) KZo?
0= i (H§&X( )
(A T] 7lg T] .
’ +Gx, (Ky; Kg) K (ig (0) + p1g) + 3G, 1, (Ki; Kg) Ko7,

| At G (K, — Ky K, — Ky0) = G (Ky K,)

Kyt K,
We guess (and verify) the value function is given by:

(Ky+ K,)' 7 =1
p(1—=7v)

. — Kb 1—~
(1A.10) G (K Ky) =g (Kb n Kg) (K + Kg) 7 +




Replacing equation (IA.10) into equation (IA.9) we obtain:

(IA.11)

g (n) {=p = 152 [ofn? + 02 (1= )’

+9' (1) (1 =) [(i () + ) 0+ (ig () + p1g) (1L = )] + A [(1 = )7 = 1]}
0= max 3 +[n(1—mn) G (0) + o —ig (7) = pg) —yopn* (1= 1) + 507 (1= n)°]
+39" () n* (1 =n)° (o} + 02)

+ [77 (ap — iy () — 22 () + (1 —n) (% iy () — 2 (n))} 1

The optimal investment rates satisfy:

(IA.12)

—iy, (n) N+ awn —

0= (Gyis () + 1) nyig (n) (1 —m) (045 (n) + 2iy (n) — 2%)] -

2 2

+—1—p(1—v)g(n)—p<1—n)g’(?7)
p

Y

and

(TA.13)
nByit (n) (1= n) (0,2 () + 24y (n) — 20,) |

0= (egig (77) + 1) —1p (77) n+ apn — 5 - 5

Lol=pd =g () +peng’ ()

P

For arbitrary values of 7, the system of DAEs (Differential-Algebraic Equations)
(IA.11)-(IA.12)-(IA.13) cannot be reduced to a system of ODEs. The numerical method to

solve the system is discussed in the Appendix for Section [V.A.



Appendix for Section IV.A

For arbitrary values of v, we use the following iterative algorithm to solve the social
planner problem and the competitive equilibrium under carbon/investment income taxes.
We begin by setting v = 1, in which case the system of equations (IA.11)-(IA.12)-(IA.13)

reduces to:

(IA.14)

—pg (n) +n(L=n)g" (n) [(is (n) + o — ig (n) — pg) — o + 02 (1 —n)]
+3g" () n? (1 —n)* (0} + 02)
0= max 3 +log [n (o, — s (n) = %2 () + (L= ) (g — iy () = %42 ()| ,

+2{=3 [ofn* + 02 (1 —n)*] + Anlog (1 — )

+ [(@ (n) + o) n + (ig () + pg) (L = )]}

\ W

and

[—ng’ (n) + %]

(1=n)g (n) + %}

(IA.16) (1+byiq (1)) = [ (1 + Oyiy (1)) -
We solve the system of equations (IA.15)-(IA.16) to obtain #(n) and i,(n) in terms of
g(n), and replace them into equation (IA.14) to get an ordinary differential equation for

g (n), which we solve numerically together with the following boundary conditions from the



single-sector economy:

1
9(0) = 2020, {_2 (1 + \/1 + 2009 + pzﬁg) + 0, (2:% - ‘7; - 29)
+2p0, log [—p (peg + \/ 1+ 20,0, + p29§)] } ;
g() = {2 1+\/1+29a + 202 ) + 0 (21, — 07 — 2p)
2020, b™b b b (2 — 0

+2p0, log {—p (p@b + \/1 + 20, + ,0205)} — 20\ log (1 — @D)} )

Next, we increase gamma by an increment of 0.1. We use the solution g (1) obtained
above as the initial guess to plug in and solve the system of algebraic equations (IA.12)-(TA.13).
The numerical solutions i, (1) ,4, (n) are then replaced back into ODE (IA.11), which we
solve numerically and obtain a new function g (n). We repeat the process, and stop when
the second norm of the difference between two consecutive iterations is less than the tolerance
level, which we choose to be 107¢. We continue increasing v by an increment of 0.1, and carry
out the previous steps until we reach the desired level of ~.

The output of the iteration are denoted as if (n),if”

(n), where the superscript
FB stands for First-Best. Since under carbon/investment income taxes, the competitive
equilibrium investment rates and valuation ratios are identical to the First-Best ones attained

by the social planner, we have that the competitive equilibrium valuation ratios under

taxation are:

e B(n) = il P(n) + 1,
pyP(n) = 640" () + 1.

The interest rate can be retrieved using equation (47), and the equity premia are

calculated accordingly.



Appendix for Section V

(a) First, we establish the competitive market equilibrium without taxes where the
two sectors have symmetric technologies, productivity, and adjustment costs.

The stock investor’s problem is as follows:

(IA.17) max  us(Csyp, Cs,) = log (CF, Oy )

Cs5,Cs,q9

s.t. OSJ) 5(77) + OS,g - OS:

where Cg;, and Cg 4 are the stock investor’s consumption of brown and green output respectively,
and Cjy is the total consumption expenditure that represents the budget constraint.

The solutions are:
(IA18) Cgb = =, 0579 = (1 — 65) Cs.

Therefore,

us(Csp, Csy) = log (Cs) + log

(1) (2 f(n)>_€1 .

Similarly, for the non-stock investor, his consumption of brown and green outputs

are:
ens C
(IA.19) Cnsp = NSNS Cnsg = (1 —ens) Cns,
£(n)
and

UNS (CNS,b7 CNS,Q) = log (CNS) +log ENS

(1 es) (1 — s f(n))ENS] |

When an agent decides how to choose his/her consumption in a given state of the

world, he/she ignores the second part because it is taken as given. Thus, for a given budget

10



set, the preferences will be the same as with log(C') preferences.
Therefore, at the partial equilibrium level, both agents will consume a constant

fraction of her wealth:
(IA.20) Cs=pcW, Cys=p(1—r)W.
The aggregate consumption of green and brown goods respectively are:

- W,
(IA.21) Cy = Csp + Cysy = - (-9 W

Bt ¢ = Cgy+ COnsy = peW,
£(n) g7 S TN

where € = (k — 1)ens — Keg + 1.
The clearing conditions for the markets of green and brown goods require the above
aggregate consumptions to equate the supplies of brown output S, and green output S;. Let
_ Zy(m) Zg(n)

us denote by z,(n) = - and z4(n) = yon the fractions of brown and green output that

are not sold for consumption but instead used to produce investment goods. Then:

(IA.22) Sp(n) = (o = 2(n)) Kp,  Sg(n) = (a — z4(n)) K,

From equations (IA.22) and (IA.21), by equating the supply and demand of each type of

output, we obtain:

pW ((1 — K)ENS + IQ65>

£(n) N
(TA.23) — €)= p(L=)p(n)
" (zb(n) - a)
and
pW<1 — (1 —K)ens — I-ies) = (o — z(n)) K,
(TIA.24) = zg(n) =a+ plef(;])’

11



where p(n) = (1 — 1) py(n) = npe(n), and € = (K — 1) eng — K es + 1.

By equation (31), it follows that:

(14.25) Z,n) = Zo(n) = =(n) = 2(n) (1‘—”) ,

and thus the price of a unit of investment goods is:

(IA.26) xX(n) = —=—%—

The market clearing condition for the investment goods market requires:

(IA.27) 224(n) Kg =2 2(n) Ky = g(is(n)) Kp + g(ig(n)) Ky
(€00 +1)° = 4npE0n) + 40— 1) p2()|
40 (n—1) (Em) +1)°

(TA.28) = z4(n) = ,
where ¢(i,,) =i, + 0 %
The value function of the stock investors, G (Kp; Ky) = supiy, i, {E [fooo e Plog (C’gsb C’é;es)dt} },

satisfies the HJB equation:

;

—p G (Ky; Ky) + log (C’;Sb Cé;s)

(1A.29) 0 +G, (Ky; Kg) Koliy (1) + ] + G, (Koi K) K lig (n) + 1
. = max

i5(1)ig (1)
’ +%G§(be (Kb; Kg) Klgal? + %G%QKQ (Ks; Kg) K§0§

A7 [GS (K — Ky Ky — Ky ) — G5 (Ky; K,)]

Following equations (IA.18), (IA.19), (IA.22) and (IA.27), the consumption must satisfy:

wes (a—am) Ky 5es Koo =3 (o) + o (is(n))
kes+ (1 — R)ens N Kes+ (1 — R)ens

(IA.30) Csp =

Y

12



and

(IA.31)

oo K-e) (a—zm)E, " (1—es) K, [Oé -3 (1—”_779(%(77)) +g(ig(77)))]
Sk (l—es)+ (1—r)(1—ens) k (1—es)+ (1— k) (1—ens) ‘

We guess (and subsequently verify) that:

(TA.32) G5 (Ky K,) = 5 ( Ky ) log(Ky + Ky)

Ky + Ky p

Substitute equations (IA.30), (IA.31), and (IA.32) into equation (IA.29) we obtain:

(TA.33)
( )
S (= 1) (o2 + 02) 15" (n) = (= 1) (in = iy = o} + (1 = m)e?) 15 ()
—n(—4a+0i,2+2i, ) +0(n—1)ig2+2(n—1)i
. —pf5(n) + es log {65 x = : 221_2) ; g}
= max
i5(n),ig(n) da—n(4a+0i2+2i, ) +0(n—1)ig2+2(n—1)i
+ (1 - 65) IOg |:(1 — ES) X i irg g J
Jnit(on)ig o=V |y log(1-4) | 10 (£8) 4 &
L p 2p N p &\ p )

The FOCs for 4, and i, result in:

/ 277(65—1)(1+9ib)

IA.34 0=n(L—n)f*n -

N 2nes (14 01p) i
0 (—da+ 042 +2i) — (n—1) (03,2 +2i,)  p

Y

and

200 —1)(es — 1) (1 +014,) —2n(es — 1) (1 +01p)
(n—1) (4o — 01iy% — 2iy) + 1 (03 + 2ip)
2(77—1)65(1—{-9%)—27765(14-9%) 1

n(—da+ 002 +2iy) — (n—1) (04, +2iy)  p

(IA.35) 0=—

The system of differential-algebraic equations (IA.33)-(IA.34)-(IA.35) thus characterizes the

market equilibrium.
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Under condition (1), we provide a full analytical characterization of the steady-state market

equilibrium. In this case, the law of motion of 7 is:

(TA.36) dn = n (1= n) [is(n) —ig(n)]dt.

At the steady state n = ngg, it must be that dn = 0. Thus, firms’ investment rates

satisfy:

(IA.37) is(Nss) = ig(Nss) <= po(nss) = Pg(nss),

following equation (33).
In addition, since both sectors share the same exposure to the climate risk, at the

steady state, the (after-tax) dividend yields for both types of firms have to be identical:

ag(nss) — x(nss) g(in(nss)) _ o — x(nss) 9(ig(nss))
JAGER) Pg(nss)

(TA.38) — zg(nss) = — (niénisl)(; ;_al)'

Evaluating equations (IA.23), (IA.24), (IA.25), (IA.26), (IA.28) at ngg, and combining

them with equations (IA.37), (IA.38), we obtain:

(IA.39) py(nss) = pg(nss) = pss = —p0 + /2000 + p2 62 + 1,
1oy (2€—1) pss
nss 5 o )
- o — o ppss
29(Nss) =

o+ 1% (2?— 1) pSS’
o — o ppgs
@ —p (25— 1) pss

zp(nss) =

x(nss) = &(nss) =1,

where € = (k — 1) ens — kes + 1.

14



The equilibrium interest rate is:

al2(k—1) (pss +p0+p0 —1) — kO] + kONY p (2€—1) pss
200 (k=) '

rss =

We verify that under conditions (1), nss € (0,1), and z4(ngs), 25(nss) € (0, ). The steps

are as follows: First,

Thus,

Zb(nSS) 1= 2c0 . L

zg(nss) a—p(26—1)pss nss
z(nss) 1

zg(nss)  mss

If 0 < ngs < 1 holds, then z,(nss) has the same sign as z4(nss). Therefore, if one of
them is non-negative, so is the other.

Next, note that as 2¢ — 1 < 1,

a—p(2€— 1> (—pc9+\/20u9—|—p292—|—1)

= >0
Tlss o0 ’
thanks to conditions (1).
We also have ngg < 1 if and only if:
(IA.40) a+p<2€— 1) (—p0+\/204€—|—,0292+1> > 0.
In addition, z,(nss) > 0 if and only if:
2
(IA.41) @ Tarpss oy,

a+p (2'5— 1) Pss

15



If inequality (IA.40) holds, then inequality (IA.41) also holds if and only if:

a—ppss >0

(IA.42) = g>—p¢9+\/20u9+p292+1,
p

which is satisfied under conditions (1). Because of inequality (IA.42), for inequality (IA.40) to

hold, it is sufficient to have:

1-2e<1

< = (k—1)ens —Kkes+1>0,

which is indeed true.

It is trivial that z4(nss) < «, and z,(nss) < . Hence, under conditions (1), ngs € (0,1),
and z4(nss), z(nss) € (0, ).

(b) Second, after characterizing the market equilibrium without taxes, we move
onto the equilibrium under the budget-neutral carbon tax scheme § = (d,, 9) that satisfies

condition (24). In this case, equation (IA.38) changes to:

aé(nss) — x(nss) g(iv(nss)) — ady _ a—x(nss) 9(ig(nss)) — ady
b(nss) pg(nss)
al€(dyngs — ngs +1) = (1 = 1g)°]

(1A.49) = s = G T [l - D @D - ]

The steady-state equilibrium 7’4 arising from the system of equations (IA.23), (IA.24),

(TA.25), (IA.26), (IA.28), (IA.37), (IA.43) is the solution to the fixed-point problem:

s Aa(nle —1)%(0 —neg +1)° + p2 (6 — 2155 +2) (6 — V)
D) ’
8a(nhs — 1) (20 +1)

1‘”%5

16



where:

Q=(6—2n%s+2)(E=1)+8 —nis+1,

=4 (s — 12200+ 1) (8, — s + 1) + 62,

O =0p(0 —2n2s+2) [0 (€= 1)+ & —ngs + 1] .

In addition, other steady-state quantities are:

)
§ b
B T
£(Mgs) Tz s
0,
Ey b
X(Msg) =1+ -F———
2 (1 - Ugs)

1
2(ngg) = (nT - 1) 24(ns),
S

S
(s — 1) (24 (nls) — @)
pe '

po(nds) = py(nls) = g =

(c) To show Proposition (5), we first note that under conditions (1), the value function

of the non-stock investor is:

(TA.44)
85+ M - (2
NS ( 5 ) A +1%g + Angg log(1l —v) + p log <p55> — pens log [5(7753) (@ - 1)]
Nss) = . 7
p
where i = 25-X18) and ply = p (x — 1) (ews — 1) pls.

GX(ng's

Introducing an (infinitesimally) small carbon tax would make the non-stock investor

strictly worse off if and only if:

8 NS
5—51; 5,0 < 0.

Taking the derivative of fV with respect to 8, and evaluating at 0, we rewrite the

17



above inequality as:

1

0> 4p9a2@(©_p){mog(1 —¢)[—4p292 (@ — p) (2(’5— 1)¢+ 1) +2a9(4p(z— 1)+ 3p—CI>)

dak(ens — €g) <p92(p—@)+2a9~|—1>
6

+4p('g—1)'g+3p—<1>} -

(IA.45)
= 0> Alog(l— ) [4&92 (p— ®) (2 F-1)e+ 1) 4 (200 + 1)(4p (F—1)+3p— @)}

dak(ens — €s) [p@z (,0—<I>)—|—2a0+1}
_ ; :

where € = (k — 1) eys — keg + 1, and & = ,/%‘14_9%_1_/)2

Note that 2a0 + 1 = 62 (®? — p?). Inequality (IA.45) is equivalent to:

bak(eng —eg) 0t (p—2) (2(’5— 1)’€+1)+(<1>2—p2) (4p<’5—1)’5+3p—q>)
S S <
0 Aog(l —v) — p(p— @)+ (92— p2)

(IA.46) 4;‘;5;](?__;“;) <pEe-1)(1- g) +p— 0.

For inequality (IA.46) to hold, it is sufficient to have the following equivalent of (39):

401/43(6]\]5—65)
<p- .
Galog(1—v) =7

Alternative production functions in the investment goods market

With Cobb-Douglas production function for the investment good:

=277,

18



equation (IA.25) changes to:

A g (<)

where £(n) denotes the price of brown output. Hence, the price of a unit of investment goods

1s:

e\ 216
(IA.48) x(n) = %

The market clearing condition for the investment goods implies:

(20(n) K)* (2(n) K,) '™ = g(in(n)) Ky + g(ig(n)) K,

(IA.49)

[(T—C) 5/(77)] - [(1 O (n=1)p2(n) + (1 = ) npi(n) — ((%) 5(77))2(}
20 (n—1) '

At the steady state ngﬁzg under the budget-neutral carbon tax scheme 6 = (d,d;), the

— Zg(n) =

(after-tax) dividend yields for both types of firms have to be identical, which requires:

—_— —_—

o E(15) — x (%) g(in(n%%)) — sy o —x(nZs) g(ig(ngs)) — ad;

po(ngs) Pe(1%5)
o [0 s — s + 1) — (1 — )]

(s —1)|(ns — D @1 -3¢

(IA.50) — zg(ng*s) =

Evaluating equations (IA.23), (IA.24), (IA.47), (IA.48), (IA.49) at n%%, and combining them

19



with equations (IA.37), (IA.50), we obtain:

po(n¥s) = py(ngs) = Py = =

In this case, n%% is the solution to the fixed-point problem:

DN _
U {9’\/5 —alC =100 (=) (C+E= (=554 —1) +a%(C ~ 1)2@’}
Nss = a2(( —1)2w”2 ’

where:

2 oe 11\~ N _
Q2(C —1)? (%‘””) [2040(T—U)+(,7§*S”1> (@’24—«92/)2(—(5,’)‘6—1—7]%2—1)2)1

—
—
—_—

0(ngs —1)0’ ’
2= (¢ =1)(& — ngs + 1),
W= 05— 1) s — 1,
o = 00~ 1)(C+ 7 1)
T=(aQ) [67(¢C—1)" +38 ¢ (ngs —1) = ¢ (s — 1)?],

I = ()" (ngs — 1) [0 (¢ +2) —ngs + 1]

Carbon taxes would fail to gain a political majority under the following condition:

OfNS

TIA.51 w_g <

where fVS denotes the standardized value function of the non-stock investor.
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The form of fﬁ@ is identical to the one in equation (IA.44), which is:

_ pt igg + A0 log(l — ) + p log (p‘fg’ig) — pens log [s(ng’y (qis - 1)]
(1A52) f35 (nfs) = . ,

o

Sk Sx
§ = PssTXss) /X\(ESS), and ply =p(k—1)(ens — l)p‘ss"‘s.

where 1gq = o)
SS
Taking the derivative of fNVS (ngfg) and evaluate at §; = 0, we can rewrite inequality

(IA.51) as:

(IA53) 0 > M = -p (Oé, C? R, )‘7w797p7 )\) (ENS - 65)2 - q(Oé7C7"€7 )\7%97,07 )‘) (GNS - ES)

—S (057<7K‘7 )‘7w797107 )\7 ENS7E)7

where:
B 260%Kk2 X log(1 — ¥)(a — a)S
C2002(C— (@) — (a—a ) (1+p262)

K 280 ATog(1 =) (1= (=27 + Rens + 1(C - 1))
Q(aag,’€7)‘awaeapa)‘)_a_p+ 20520(C_1)C<_(1_C)C(1+p292> ’

p(OQCa/{v)\aw?e?p?/\)

and

s(a, (R, N, 0,p, N\ eng, €) =
~¢/
~Xlog(1 — ) (ﬁ)l o
a®p[2a6(C —1)¢¢ = (1= )¢ (1 + p%0?) ]
F (1= M2 4 o9 (1 - O)° (24 3p26%)

[2 0 CH—C (1 _ C)3—C/2 a2+C/2

— P01 = QN (1497 0%) B¢ +E-2)¢

+ 707 C(1 = )P (T¢* —2¢ —4(ens — 1)

+2076%(C = 1) (1= O (s + ens) M

+p00 (1= [((2¢ = 1)(E=1) =) +p* 0*((€— 1)(4¢ +E—2) = ()]

+2ap6? [2¢pla—aQ 2 (1= 2 + (¢~ 2)F - 1)) =9 (¢ - D¢ -1)¢] |
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v = %\/C_QCKQ—O(C)C (14 p26%) —2a6(¢—1) (a()¢], (=C+é—1, ande= (k—1) ens—
Keg+ 1.

Suppose that 0 < ( < 1—¢, where € is arbitrarily small, so that all the above functions
are well-behaved. We observe that p (a,(, k, A, 1,0, p,A) > 0. There are three possibilities
with regards to the polynomial M on the right-hand side of inequality (IA.53), which we

consider separately below:

-IfAT = q (a7C7 K, )\ad),Q,P, )\)2_4p (a7C7 “7)\77/%0’% )‘)XS (a7C7 K7)‘7wa0apa )‘76N5'7E) <

0, then: -
dfNS
8—65 5r=0= M < 0.
- If A* = 0,then: -
dfNS
861’: 5;«:0: M S 0.

- If A* > 0,for M < 0, for inequality (IA.53) to hold, it is sufficient to have:

- «, JKJ?)\) 7Q7 7/\ + VA*
(IA54)  ens—es 2 q<2pia ¢ rfbx Y 2) N eGm el densd.

The function on the right-hand side is continuous on its compact domain. By Weierstrass
Theorem, it attains the maximum «*,which is the upper bound of u. The above sufficient condition

then becomes:

(IA55) ENS — €g Z u”.

*

Note that even though u depends on eyg and eg, u* is independent of those two
parameters. As long as inequality (IA.55) is satisfied, inequality (IA.54), and in turn inequality
(TA.51), is going to hold. Therefore, under all the above three possible circumstances, if

ens — €s> u*, carbon taxes would fail to gain a political majority.

Under specific values for ¢, we can obtain an estimate for u*. Let us illustrate by
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considering the case of ( = 1/2, under which inequality (IA.51) simplifies to:

~ Alog(1 — ) 20p° (9p — /0 (a+6p?) + 1) (26— 1)?

+a | <eng —€g.
4akp VO (a+0p?) +1 NEe

Since 0 <€ < 1, an estimate for the upper bound of the left-hand side is:

Alog(1 — ¢))

LHS < —
- 4kp

Hence, the sufficient condition for inequality (IA.51) to hold is :

Alog(1 — )
B 4Kk p

< ENs — €g;
which follows the same line of economic intuitions under the Leontief production function
(39) because:

- As the intensity (\) or severity of climate disaster (¢) increases, there need to be a
bigger gap between the preference for the carbon tax not to be supported by the non-stock
investors. As they are affected more by climate disasters, the benefits delivered to them by
carbon taxes grow. As a result, they only oppose to such a tax if its impact on the price of
brow output is high enough to outweigh the benefits, or when they have a stronger preference
for the brown goods.

- As investors are more patient, they care more about the climate change that may
destroy their future consumption. Thus, they are more likely to support carbon taxes, which
is reflected by a higher chance of the above inequality being satisfied.

- When the population of the non-stock investors grows, their total consumption of
the brown output rises, and the brown sector inflates. This contributes to more frequent
climate disasters, which renders carbon taxes more valuable in curbing those extreme events

that destroy future consumption. Hence, non-stock investors are more likely to support

carbon pricing.
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