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The supplementary material provided in this online appendix is organized as follows.
Section 1 contains the more technical proofs of the results of our paper. Section 2 details
the extension of our baseline model to the case of horizontal differentiation, that in the
main text is only sketched in subsection 5.1. Finally, section 3 extends our baseline model
to the case in which consumers are endowed with an initial level of green awareness which

is independent from the policymaker’s intervention.

1 Proofs of Proposition 1 and 2

1.1 Proof of Proposition 1

First of all, when the environmental campaign is adopted, social welfare is given by

SW*E(~), where:

1
CS;P +CSiF = X
g T 2 (g — qr)? (g — au) i

{(V(quar + 4% — ¢) (ar — a1)? — 2vauar (au — q1) [2¢2qm — q1) — Oqr(qm — q1)]

+quqr(60cqrqr + 4c%qy — 3cqr — 80c¢qy + 20cqr + 40°%¢3, — 50%qqr + @2q12qu)} )

Lemma 2 and Remark 1 indicate that, by substituting into SW*F(+) the correspond-

ing optimal policy which depends on the emission level, we have:

1

SW|._ =
= 2(4qy — q1)” (qu — qu)

X

{® (12¢% — 9quqr + 247) — 2equ (qu — 4q1) [©(qm — qv)]

+0%qy (qu — qr) (1243 — 247 — quar) — 2¢0qu (12qi — 5q1) (qu — 1)},

1

— * — ><
=T 2 (2¢) — 124 + 5@ — 15quqE — T¢3qn — S8squq? + 16sq%qr, + 32¢%62) (qm — q1)

SW|

{20qrqmc (qu — q1) (9(1;’1 — 12squqr + 46]% + 58%% - 9QHC]% - 46]?{%)

+qrc® (25q) — 9q; + 4quq} + 22¢%qr — Isquq;, + 125¢hqr, — 17q3,47) — €*4qy (qu — qr)
—70%qm (qu — qr) (945 + 447 + 25q7 — 5quq} + 5qkqr + squq? — 125q5qr — 13547
+2elqrauc (24} — T4} — 4squqr + sqi, — 11quq; + 16q4q.))

—O (qn — qv) (Tq% — 4squar + 243, + sq3 — Tauq;, — 2q3q1) } -
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1
SW| _=E — X
T 8w —au)’ dy

{20¢ (g1 — qu) (3q}; + 245 + sq;. — 3quq; — 244q1)
+0%(qr, — qu)” (24} — 3% + 542 + aud? — 44%qr)

—c* (243 — 3¢}, + sa} — Taua; + 8d3q1) } -

Secondly, the expression for the social welfare function when the government decides
to levy a tax on the polluting firm is SW*E(t), where:
qH

X
2 (dgyr — qu)” (g — q1) 4z
{qu (4qu — 3q1) — 2tqr(cqr — 40qmqr, + 40q3)+

CSyE 4+ OSyE =

qr.(60cqrqr, + 4cqy — 3c*qr — 8Ocqy + 20cqr + 40%¢3, — 50%quqs + @2q?{qL)} )

Combining the results of Lemma 4 and Remark 2, by substituting into SW**¥(t) the

corresponding optimal taxation policy, we have:

SW|,—g = SW| _, by construction,

1
SW|,_..x = X
e 2(qr —qr) (4qm — 3q1) 1

{e* (2qu — qr)’ — 2eq; (3cqn — 2¢qr, — 20quqr, + Ogj; + Oq})

+qr, [ (3qu — 2q1) — 20¢ (3qm — 2q1) (qu — q1) + O (3¢} + @3 — 4aFrar) ]}

(c —Oqn)? (3qu — 2q1)
2 (ZQH - QL)2

We can now formally prove the results of Proposition 1. Limiting our attention to

SW|,_p =

internal solutions (s > s), we first compare the different e-thresholds values and find four
relevant cases. Then, for each case, we perform the welfare comparisons. However, we

omit the precise expressions for the welfare differences for the sake of brevity.!

IThey are available upon request, as are the analytical solutions and numerical simulations which
confirm our results.



2¢(28q% — 53¢%q1 + 364542 — 10quq} + qt)

qrr (4qm — 3qr) (qu — qr) (10g3; — 6qrqr, + ¢7)
©F defined in (2), the ranking is as follows:

(i) When © € (8",0,), with ©; = and

tE

et <2t <t <k,

For each subinterval we compare the relevant social welfare, and demonstrate that

the taxation instrument is always preferred.

2¢ (2qi — q1)°
qn (4¢3 — Tquqr + 343)

(ii) When © € (©1,0), where Oy = , with ©, > O, we have

two subcases:

(a) e < e <@ <& when s € (s,3),

(b) e < e <& <@ when s >3,

5 = (QH - QL) y
ar. (4am — q1) (2qu — q1)* [© (2qu — q1.) (am — q1) — cqn)

lcqu(97q}qr — T2q — 406347 + 2quq} + q7)

+0 (qr — qv) (3am — qv) (8az + 12q5qr — 25¢5q7, + 1lanq; — 2q1)).
Subcase (a) is the most interesting, as we find that:

L. for e € (e, e77), SW| _y— SW|,_p.r <0;

2. for e € (7, @"), SW,_ .6 — SW|,_,.e < 0 when ¢g/q. is not excessive.
For high values of gy /qy, there exists a threshold value of e above which the

opposite holds: SW| __.x — SW|,_. > 0.

3. For e € ("% ¢'F), we compare SW|, e vs. SW/|_.z, and find that the
campaign is preferred only for very high levels of g5 /qr. As the environmental
damage is more severe in this region, the result holds for each level of e €
(e e'F). When the quality ratio is lower than a certain threshold value, then

taxation prevails.

4. For e > €'F, we compare SW| ==z with SW|,_;» and find similar results as

in e € (a7 €'F).



In subcase (b) the taxation instrument always prevails, as the cost for activating

the campaign is now higher. We omit all the different subcases for brevity.

2¢(2qu — qr)

, we have three subcases:
(qm —qr) ar

(iii) When © € (0,,0), with © =

(a) F < &F <P <&F when s € (s,51),
(b) F < P <@F <&¥ when s € (s1,5),

(c) e < ¥ <& <eFwhen s >3,

where s is defined in the previous page, s can be found in (3), and

(QH - qL) v
qr (4qm — QL)2 (2q5 — q1) [c+ © (g — q1)]
[8¢7(T0qm — 5¢) — 2¢3:q1(310qy — 53¢) — 11¢%4¢%(30qy + Tc)

S1 =

+7q143 (80qy + 3¢) — q7(190qy + 2¢) + 2043).

The first two subcases can be explained together. They provide the result that the
campaign is preferred, given that its cost is relatively low. Things change in subcase

(¢), where s is higher. By analyzing the different subintervals of e, we find that:

L. fore e (77, e"), SW| _.x > SW|,_y: the (relatively more costly) campaign

still prevails when the environmental damage is perceived as limited.

2. for e € ('7,@"), we evaluate SW| _..r vs SW|_.r. We find that the
campaign is more efficient only when its cost is not too excessive and when
qu/qr is sufficiently high; on the contrary, when gy /q; decreases, there exists
a threshold value of e above which taxation is to be preferred, when s is

sufficiently high.

3. for e € (e'",@%), we compare SW| _ .p with SW| _.», and find the same

results as in the previous subinterval.

4. Finally, for e > &7, we find that SW| _.» > SW|,_;» when gu/qr is high
and s does not overcome a certain limit. Otherwise taxation is more efficient

from the welfare standpoint.



(iii)bis When © > O, then ¢Z < 0 and ¢'Z < 0. Therefore:
(a) max{0,27¥} < &¥* when s € (s,3),
(b) ¥ < & when s > 3.

In subcase (a) the campaign is preferred as the average evaluation of the environ-

mental quality is relatively high, and the cost to activate the campaign is low.

In subcase (b) we find that:

L. for e € (0,€""), we compare SW| _ .p with SW|,_.r and discover that the
campaign prevails when ¢g/qy, is sufficiently high and s is not excessive. When
qu/qr decreases, there exists a threshold value of e above which taxation is to

be preferred, provided the cost for the campaign s is high enough.

2. For e € (&7, @"), we compare SW| _ ., with SW]|_;r and find the same

results as in the previous subinterval.

3. Finally, for e > ¥, we evaluate SW|AY:WE vs. SW| _;= and replicate the
results found in e € (0,e7F) with the only difference that, when ¢z /qy is very

low and s is sufficiently high, taxation prevails for each value of e > 7%,

1.2 Proof of Proposition 2

First of all, when activating the campaign, the social welfare function as a function of

is given by SW* (), where:

o Aan lan — ar) 2var — ai) — ¢ (2qm — )]}
©5 = 2qr, (4qm — qr) (qu — q1)

)

cgei _ 91120 +9) (ah — 62) — ¢ (3gr + 2q0)] {can + (g1 — a1) [209m = (Bam — qr)]}*

2(4q5 — q1)(qe — qr)

By combining the results in Lemma 6 with the considerations reported in Remark 3,
and by substituting into SW*H(~), we obtain that:

SW o= an X

2q1 (4qn — q1)” (qu — qr)

{1243 — Yqmar + 243) — 2cqr[4qu (e + Oqu) — qule + 60y — 20qyL)]
—0 (qn — qr) qulde (4qm — qr) + ©(12q7; — quar — 2q7)]},
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1

X
2 (qr — qn) [(az — an) (1243 + 243 — 13qr¢? + 19¢%q) — qr (dam — qr)* 5]

SW"Y:’Y*H =

{2cqm (g — q)” [e (6qr — q1)] — 20cqr (9qr — 4qr) (qu + qr) + Scqhqr (e + Oqr)
—2cqrqr(e + 60qu)qr + 2041 )s + (qir — a1) [0%qm (9am — 4ar) (qu — ar) (az + an)’]
+qn - [(9qm — 4a1) (amr + a1)” — s (12¢5 — 9qmar +243) ] +

+(qm — q1) [Oquqr(16eqy — 120¢3; — 4eqy, + Oquqr + 204 )s]

— (qu — qr) €°qr.(3qm — q1)* + 20eqy (qu — qr) (6qn — qr) (qu + 1)},

1
— X
2qr, (5¢% — 9quqr + 247)

SWI, i

{cqu [27¢% — 364%q1 — 243 + quar(11qr, — )]

+0 - (qr — q1)* (qmr + q1) [0 (qu + ar) (3¢ + 3quar — 247) — 2eqr, (5qm — qr)]
—0q;, (2¢% — 3quar + ¢2)* s — dequar (qu — qu) (5qu — qu) e

—20cqy (gu — q1) [997 — Bajrar + 47 (5ar + ) — quar(9qL + 2s)] } .

© (2qz — q1) (qu — qr) — cqu

(5qr — q) (qmr — q1)
n_ 2cqu + 0O (qn —qu)qu

(9 = 2qu) (qr — qu)
Secondly, when taxing the polluting good, the social welfare is SW**# (t), where:

. Tedious numer-

For exposition purposes, we take ¥ =

ical calculations show that similar results also hold when 7%

¢%ar lqn (t+Oqn — Oq1) — ¢ (2qu — q1))

CS**H ,
o 2(4qy —qr) (qg — q1) q1.

OogeH {an [26(qn — qz) + ] —t (2qm — q0)}* [260 (¢4 — i) — ¢ (3qu — 2q1) — t (2q — q1)]
H - .

(4qr —qr) (qu — qr)
From Lemma 8, we know that t* € [0, EH) when e € [e'H "), Hence, as reported in
Remark 4, the government sets: (i) t = 0 when e < e'; (ii) t = t*¥ when e € [! €H);

(iii) t = 7" when e > 2. By substituting into SW**#(t), we have:

SW|,_g = SW| _, by construction,

e 12(e—c)?  9¢* (3¢ — 4e)?
SW|,_ynt = — [4(5 +30%y — 60¢) + O 20 ez der]
|t7t H o4 (QH qH ) ((IH — QL) o yP——
qan (3qm — 2q1) (c — Oqr)?
2qr.(2qm — qr)? '

We can now formally prove the results of Proposition 2. When s > s, by comparing

SW|,_n =

the different e-thresholds, one can find the following cases:
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c(3qn — qu) (16¢}; — 24q}qr + 11quqi — q7)
qu (g — qr) qr (16¢3, — 20qmqr + 5¢7)

e When © € (67, 03), with ©” in (7) and ©5 =

Y

the ranking is as follows:

et < gt <« H i

e When © > O3 and s € (s,5), with s defined in (3) and § already appearing in the

Proof of Proposition 1, the ranking is:

QtH<§'yH<€/yH<étH.

e Finally, for © > ©3 and s > s, we have that:

et < e < gt < evH,

Comparing the appropriate social welfare expressions, it is relatively easy to prove
that, for any value of e, taxation always determines a higher welfare than the environ-

mental campaign. Additional calculations are available upon request.

2 Relative Preferences in a Horizontally Differenti-
ated Duopoly

The layout of the model is presented in subsection 5.1. The government has two alterna-
tive policy instruments at its disposal: either a campaign designed to raise environmental
awareness, or a tax ¢t proportional to the polluting emission. We build again the following
two-stage game. First, the policymaker decides which policy instrument to use in order
to reduce the environmental damage for any given level of the per-unit emissions. Then,
firms compete in prices. Before considering the two different settings, we briefly focus on

the unregulated market.

Lemma 9 The unregulated market is characterized by a duopoly with full market cov-

erage if ¢ < 3r.

Proof. In absence of policy instruments (i.e., t = 0 and v = 0), the consumer type
that is indifferent between buying good G or good B is x¢ = (r + pp — pg)/2r. Profit

functions are 75 = x5 -pp and 7¢ = (pg — ¢) re, where v = 1 — xg. Equilibrium prices

8



are pY = (2c + 3r)/3, p§ = (c + 3r)/3, where N stands for Nash Equilibrium. It is
immediate to verify that market coverage condition z™¥ € [0, 1] and non-negative profits
condition p¥ — ¢ > 0 simultaneously hold when ¢ < 3r. m

Given that the following two cases are extension of the unregulated market, we assume

that ¢ < 3r. This will simplify the analysis without reducing the validity of our results.

2.1 Supporting the environmental campaign

When the government decides to support a campaign, the utility of a consumer indexed
by = € [0,1] is given by (11). Let 2 denote the consumer type that is indifferent between

buying good G or good B:

_2y+r+ps—pc (A1)
2r '

el
Consumer types z € [0,z5) buy good G, whereas consumer types = € (z¢, 1] buy good
B, such that the demand for good G is equal to x¢ and the demand for good B is equal
to zg = (1 — zg) under the assumption of market coverage.

Before proceeding with the solution of the game, it is interesting to notice that, as in
the baseline model, there exist two conflicting sources of product differentiation: para-
meter r measures the intensity of horizontal differentiation, while parameter v indicates
that also vertical differentiation plays a role. We need therefore to impose an additional
condition in order to guarantee that horizontal differentiation prevails. Formally, in order
for both demands to be positive when prices are equal, substituting pp = pg in (A1), we

find z¢| = (27 + r)/2r. It is therefore immediate to prove that:

PG=PB

26lp—p, € (0,1) &= 7 <

N3

If instead v > r/2, then the brown firm is stranded out of the market because the
environmental concern is so high that no consumer is willing to buy the brown good.

Hence,

Assumption 1 We assume that v < r/2 in order for the model to be characterized by

horizontal differentiation.



Now we proceed with the solution of the model. Demands are formally given by
zg in (Al) and zp = 1 — zg. Profit functions are again given by 7 = zp - pp and
76 = (pe — ¢) zg. Equilibrium prices can be easily obtained:

2(c+7)+3r
3

c—2v+3r

Po = , Pp = 3

It is relatively easy to demonstrate that:
Lemma 10 The market is covered and both firms are active under Assumption 1.
Proof. To start with,

pe—c > 0 <= c<3r+2y,

pp > 0 <= c¢>2vy—3r

Next, plugging pf, and p}; into in (A1), we need to verify that =, € [0, 1]:

3 2y —
ThH = %ZO@CS&H—Q%

vy < 1 << ¢>2y—3n

Notice that Lemma 9 guarantees that ¢ < 3r + 27 for each v > 0. Such a condition can
therefore be discarded. Moreover, under Assumption 1, 2y —3r < 0, and therefore pj; > 0
and xf < 1 for every ¢ > 0. It follows that the only condition that we need to impose
is the one already highlighted in Assumption 1, i.e., v < r/2, together with ¢ < 3r from
Lemma 9. m

Equilibrium profits are given by:

(3r 4+ 2y — ¢)?

(3r — 27+ ¢)?
18r ’

18r

* *
Tg = y Tp =

Consumer surplus accruing from consumption of the green good and the brown good is

respectively given by:

Tg

€85 = [ (0= ra = vty + 7)o =

0

(3r + 2y —¢)(12v — Tc + 2y — 157)
72r ’

1
(3r — 2y + ¢)(12v — 5¢ — 27y — 157)

CSy = —rxh —ph — ¥)dr = )
/(U rTR — pp —y)dT 7o

Tg

10



Remember that 23 = 1 — xf.. The social welfare function is written in a compact way as

follows:

2
SW*(’)/):W*G—FW*B—FCSE—FCSE—e'JJ*B—S%.

The social welfare function is concave in «y if and only if s > (10/9)r, which is supposed
to hold throughout the analysis. We compute the optimal v level which maximizes social

welfare:

*

B 3e — be
T T s — 10

We need now to impose conditions for v* to make economic sense:
Lemma 11 ~* € [0,7/2) when e € [¢7,€").

Proof. It is immediate to prove that v* > 0 iff e > ¢” = (5/3)c, and that v* < r/2 iff
e < e’ =[10c+ r(9rs — 10)]/6. Condition s > (10/9)r guarantees that €’ > ¢”. m

It follows that:

Remark 5 The government optimally sets: (i) v = 0 when e < €7; (i) v = +* when

e € e, e); (iii) y =r/2 when e > €.

The complete expressions for the social welfare in the three cases reported in Remark
5 are as follows:

5¢ — 6c(e + 3r) + 9r(dv — 2e — 1)

SW|’Y:0 — 36’]" ) (Az)
2e% — 2er(9rs — 10 + 3c¢s) + r[bc*s — (4v — r — 2¢)(9rs — 10)]
. = , (A
Wl 4r(9rs — 10) (A3)
72ur + 10c® — 8r(3e + r) — 4c(3e + 14r) — 9r3s
SW|7:7‘/2 = 7o : (A4)

2.1.1 Taxing the polluting good

When the government opts for the tax, v = 0 and the utility of a consumer indexed by

z € [0,1] is:

| v—rz—pq if buys G
U(m)—{ v—r(l1—=x)—pp if buys B

The consumer that is indifferent between buying good G or good B is obviously:

_ r+pB — Pa

Ta
2r

11



Profit functions in the presence of the taxation instrument are 7¢ = (pg — ¢) r¢ and

mp = (pp — t) xp. Equilibrium prices are easily determined:

ww  2c+t+3r . cH+2v+3r
pG:Tva:T'

Lemma 12 The market is covered and both firms are active iff t < ¢ + 3r.

Proof. pif —c>0iff c < 3r +t and pj —¢ > 0 iff ¢ > ¢ — 3r. The same conditions also
suffice to guarantee that z € [0,1], as it can be easily verified. Following again Lemma
9, condition ¢ < 3r 4+t can be discarded, given that we assumed ¢ < 3r. The second
condition (¢ >t — 3r) can be turned into ¢ < ¢+ 3r in order to have an explicit condition
on t, as we did in the baseline model. =

Equilibrium profits are given by:

(Br+t—c)?
18r

(B3r—t+c)?
18r .

k%

7TG:

kK

Jﬂ-B:

Consumer surplus can be written as:

Tg

CSy = /(v —ray — pa)dr =
0

(3r+t—c)(12v — Tc — 5t — 15r)
72r ’

1
(3r —t+¢)(12v — 5e — Tt — 157)

/(U Ty — pp)dr 7o

Tg

The social welfare function is written in a compact way as follows:
SW* =na +715 +CSG+CSE —e a5 +t-2%.
Algebraic calculations confirm that SW** is concave in t. The optimal tax rate is:
t* = 3e — 2c.
Lemma 13 t* € [0,c + 3r) when e € [¢',e").
Proof. t* > 0iffe > e' = (2/3);t* <c+3riffe<e =r+c. m

Remark 6 The government optimally sets: (i)t = 0 when e < €'; (ii) t = t* when

e € [e!,e); (ili) t = ¢+ 3r when e > €.
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The expressions for the social welfare for the three different values of ¢ which appear

in Remark 6 are given by:

SWl—g = SW],_, by construction, (Ab)
?+e? —2er —2cle+r1) +r(dv —r)
SW|,_. = " , (AG)
20 —c¢)—r
SW|prsy = % (A7)

2.1.2 Comparing the two instruments

In order to compare social welfare expressions (A2)-(A4) with (A5)-(A7), we first need
to rank the threshold values of e which appear in Lemma 11 and Lemma 13 respectively.
Provided s > (10/9)r and ¢ < 3r, three relevant rankings for the e-thresholds can be

found, depending on the interplay between ¢ and s:

(a) e < e <@ <& whence€(0,(3/2)r) U s ((10/9)r,4(4r — c)/9r?);
(b) e < € <& <@ whence (0,(3/2)r) U s>4(4r—c)/9r?

(c) ¢! < e <¢e’ <€ when ce€[(3/2)r,3r].
We demonstrate that:

Proposition 3 The environmental campaign prevails only if both the cost for producing
the green product and that for supporting the campaign itself are sufficiently low,
provided some specific conditions for the emission level are satisfied. In all the other

cases the taxation instrument is more efficient than the environmental campaign.

Proof. In each of the three relevant rankings for the e-thresholds outlined above we

perform the appropriate social welfare comparison.

(a) When ¢ € (0,(3/2)r) U s € ((10/9)r,4(4r — ¢)/9r?):

L. fore € (¢',€7), SW| _, — SW|,_,. <0, hence taxation always prevails.

2(5¢% — 10ce + 6¢?)
r(2¢ — 3e)?
however, s; € ((10/9)r, 4(4r — ¢)/9r?) only when c is low, and e is sufficiently high,

= 81,

2. For e € (¢7,2"), SW| _ . — SW|_. > 0 when s <

otherwise s; < (10/9)r and SW{ _ . — SW|_,. <0 always.

13



10r? — 2(2¢ — 3e)? + 4(3e — 5¢)
9r3

s9; however, sy € ((10/9)r,4(4r — ¢)/9r?) only when c is low, but this time com-

3. Fore € (e7,€"), SW| —SW|,_,» > 0when s <

y=r/2

bined with a value of e that must not be excessive, otherwise s, < (10/9)r and

SW| — SW|,_,» <0 always.

y=r/2

4. For e > e, SW| — SW|,_ .45, <0, and the taxation instrument is always more

y=r/2

efficient than the environmental campaign.

(b) In the second interval, it is relatively easy to verify that taxation always prevails,
given that we consider a higher cost for activating the campaign (s > 4(4r — ¢)/9r?)).

(c¢) Also in the third interval the comparison is straightforward. The possibility for
the campaign to prevail relies on the possibility for the green producer to bear a very
low value of ¢, as we demonstrated above. As we are considering now relatively higher
values of ¢, i.e., ¢ € [(3/2)r,3r], then taxation always proves to be more efficient than the
campaign in terms of social welfare. =

The results obtained from the above proposition reveal that also for the horizontal
differentiation case there are circumstances in which the campaign can be preferred by
the government. As in the baseline model, one of the preconditions for this to occur is
that the cost of the campaign be not excessive. Here we also need a relatively low cost
¢ of producing the green good. Notice that also here the role played by parameter e is
ambiguous, as we need an intermediate level of emissions in order for the campaign to
prevail. Finally, as already explained in the main text, consumers’ heterogeneity r does

not help in the social comparison between the two policy instruments.

3 The environmental campaign does not modify the
structure of consumer preferences

As in the baseline model, we consider two different scenarios characterized by vertical
differentiation (environmental quality vs. hedonic quality) and evaluate in each case
whether a government committed to reducing polluting emissions would prefer either to

tax the polluting firm or to support an environmental campaign. The structure of the
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game is the same as in the baseline model. The only difference is represented by the pres-
ence of an initial level of personal moral norms that favor pro-environmental behaviors.
Parameter o« > 0 represents such an initial level, independent from the policymaker’s
intervention. The effect of the campaign is therefore not to activate pro-environmental
behaviors, but rather to increase their weight in the utility function. As the analysis that
will be carried out in this subsection is qualitatively similar to that of the baseline model,

lemmas and propositions will be labeled accordingly.

3.1 Environmental qualities

Consider two goods of different environmental quality: good H produced by firm H is
green and therefore of higher quality, while good L produced by firm L is brown and
of lower quality. There is a continuum of consumers indexed by 6 which is uniformly
distributed in the interval [0, ©]. Each consumer can buy either one unit of good H or
one unit of L or not buy anything at all. Pollution creates an environmental damage
D = e - xp, where x is the quantity produced by firm L. The government can adopt
two alternative policy instruments, either a campaign designed to increase environmental
awareness, or a tax ¢t proportional to the polluting emission.

As introduced above, the unique difference with respect to the baseline model consists
of the presence of an initial level of personal moral norms captured by parameter o > 0,
which is independent from the policymaker’s intervention. In order to reproduce interval

regions which are comparable to those of the baseline model, the following holds:

Assumption 2 We assume that the initial level of relative preferences is sufficiently low,

. cqr, _
lLe., a < =a”.

(qa —qr) (qu + qr)

If the results of the baseline model hold for low levels of «, then it can be easily
shown what happens when a > @”. In particular, we will show that, when considering
progressively higher values of such parameter: (i) first of all the threshold values of ©
decrease (and those of s increase), meaning that the interval regions where taxation

prevails tend to reduce; (ii) then both instruments can not be adopted if the government
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wants to keep both firms in the market. More details will be provided in the following

analysis, where we will also discuss the case o > a”.
3.1.1 Supporting the environmental campaign

Given the previous discussion, the utility of a consumer of type 6 € [0, ©] becomes:

Oqy — pu + (o + ) (qu — qr) if she buys the green good,
U() =< 0qr, —pr — (ao+7) (qgu — qr) if she buys the brown good,
0 if she refrains from buying,

where (a + 7) now indicates relative preferences; o > 0 is independent from the policy
instrument, while v > 0 measures the increase in the intensity of the pro-environmental
component of consumer’s utility induced by the campaign supported by the government.

The consumer indifferent between buying the low quality good and not buying at all

is now given by:

‘9L:pL+(Oé+7)(QH_QL)7 (A8)
qr
while the consumer indifferent between buying the low quality good and the high quality

good is:

g, — bn—pL—2a+7)(n —q1) (A9)
4 — 4L

The demands for the two goods are: x;, = 0y — 0 and vy = © — 0. The presence of
a > 0 obviously increases the stealing effect highlighted in the baseline model. Profits

are again given by 7y = xy (py — ¢) and 7, = ppzy. Taking F.O.C.s, equilibrium prices

pE(a) = qrlc+© (qu — qLiL_E(; +7)qm (qa — QL)j (A10)
oE _ 2cqu + (qa —qr) [20qm + (o +7)(3qr — qL)]
Py (@) = 445 — 41 : (A11)

Additional superscript £ indicates the case of environmental qualities. Moreover, in order
to differentiate the present case from the baseline one, we specify that both equilibrium
variables and relevant threshold values of the main parameters of the model now depend

on «a. Notice that pi¥(a) < pi¥ while piF («) > piF. We focus on the case in which both
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firms are active in the market, and replicate previous conditions. Define:

@E(a) — c¢(2qm —q1) — a(?’%zq —4quqr + Q%)

o 2qw (qu — q1.) 7 (A12)
_E(Oé) — qr [C+ (@ B QQQH) (QH - QL)]
B 2qu (qu — q1) .

Lemma 1 bis Provided Assumption 2 holds, the market is uncovered and both firms

are active iff © > 0F(a) and v < 7%(a).

Proof. First of all:

sz(Oz) S ) — 7<QL[C+(@_QGQH)(QH_QL)] E7E(

2qu (qu — q1)
c(2qn —qr) — (qu — qu) [« (3qm — qr) + 2qu O]

pif(a)—c > 0 <= 7> =~"(«),

(3qu —qr) (qu — qr)
(2gr — q1) (Ogg — Oqr + ¢) + (a +7) (5gx — qr) (gu — qr)
(4qy — qr)

pif (@) —piFP(a) = > 0.

The last inequality is straightforward in the present scenario. It will, however, play a
relevant role when consumers are characterized by hedonic preferences. Next, we insert
piF () and piF (o), (defined in (A10) and (A11), respectively) into 67, and 6 (expressions
(A8) and (A9), respectively) and verify that 0 < 637 (a) < 63F (a) < ©. This gives the

following conditions:

— Q1 — —
0 ) = L (c+Oqn —Oqr) + (@ +7) (2qn — qu) (an —qr) _ 0, always:
(dqm —qr) av

qulc+ 2a + 0 + 29)qy — Oquq?] — 2¢3 (a + )

03 (a) = 077 () = >0 <= 7<7%(a)

(4qm —qr) (qr —qr) 4z
O—-0Fa) > 0 < » > 1"(a),

with 7#(a) <0 <= © > ©%(a). Therefore, similarly to the baseline model, we assume
that © > ©"(«). This implies that v”(a) is negative, and then 03 < © always holds.
Notice that ©%(a) decreases in o. However, Assumption 2 guarantees that ©F(a) > 0.

If follows that the conditions that have to be simultaneously satisfied are © > ©%(«) and

v <7%(a). =

We assume that the conditions reported in Lemma 1 bis hold throughout the following

analysis. However, notice that, when « is relatively high, then (i) condition © > ©%(a)

17
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can be discarded, as ©%(a) < 0, and (ii) 7¥(a) < 0, meaning that the brown firm is
forced to exit the market.

Equilibrium demands/outputs 23 (o) and 23 () are not reported but they are similar
to equivalent expressions in the baseline case. Total output decreases both with o and
v, as expected, given that the higher the intensity of relative preferences, the lower the
willingness to pay for the brown product. Equilibrium profits and social welfare can still

be expressed in the compact form:

P (o) = j—j}m—m 3 ()7, (A13)
“E0) = (qn — ) [7F (o) (A14)

2
SW*E (a,7) = 7 (a) + 7if (@) + CSiF(a) + COS;f (@) — - 277(a) = 55

The precise expressions of (A13)-(A14), together with that of SW*F (a,~), are omitted

for brevity. The social welfare is concave in v if s > s, where s is defined as in (3) in

the baseline model.> We assume that s > s and compute the optimal level of v that
maximizes social welfare:

2eq% (4 — qr) + qu[2¢(6quqr — 103 — ¢7) + Ogqu (8¢ — 11gngr + 3¢})] + a®

*E
Y (a) =
sqr, (4qu — qr)* — (qu — q) (12¢% + 263 — 13quq? + 19¢%q1)
® = (qu—qu) (124} + 2¢} — 13quqi + 19¢%q1) -

bl

Notice that v*¥ («) is increasing in a. Given a cost of the campaign s > s, the investment
effort is increasing in the initial level of relative preferences. The higher « is, the more
resources can be devoted to additionally reinforce such a social component of consump-
tion. It is relatively easy to formally show that o and v are complementary by computing

cross-partial derivatives:®

O*(SW*F (a,7)) _ O*(SW* (7)) _ (1243 + 194591 — 13qnaf + 243) > 0. (Al5)

dadry OO qr. (4qm — q1.)°

Moreover, we need to verify that v* («) is compatible with the assumptions of our model

(see in particular Lemma 1 bis):

2The second order derivative of SW*E («,v) is independent of «, as it can be easily demonstrated.
3Following Topkis (1978), a function is supermodular when cross-partial derivatives between each pair
of variables are positive. This formalizes the notion of complementarity.
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Lemma 2 bis Under Assumption 2, v*F (a) € [0,7F ()) iff e € [max{0,e"®(a)}, e (a)).

Proof. First of all, notice that v*¥ (o) > 0 <= e > ¢¥(a), where ¢F (a) =
qr. (12cqrqr + 80qj — 20cqyy — 2cq; + 30quqi — 110g5,q1) + a®

2q% (4am — qr) '
2¢(10¢% — 6qrqr, +¢2) —a - ®

qr (qu — qr) (8qu — 3q1) N
under Assumption 2 we find that ©(a) > 8% (). Hence, 7*¥(a)) > 0 always for © > 0(a),

However, ¢'% (a) >

0 « O <06(a) = . Similarly to the baseline model,

while in © € (©%(a),0(a)) we have that v*Z(a) > 0 only when ¢ > ¢"Z(a)(> 0). In
short, v*F(a) > 0 when e > max{0,¢"Z(a)}. Notice that also O(a) decreases in a.
If Assumption 2 ceases to hold, then ©(a) < ©F(«), and ©(a) becomes irrelevant.

The second condition requires that v*#(a) < 7¥(a). This holds when e < €F(a) =
0.{(Tan — 2q1) (qu — q1)* [c — © (qu — qu)] + [C + Os (g — q1) — 2asqu] (4gn — q1) qi}
Ay (qm — qv)

|
In order to complete this section, Remark 1 bis parallels Remark 1 from the baseline

model:

Remark 1 bis The government optimally sets: (i) v = 0 when e < max{0, e"¥ (a)}; (ii)

=77 (a) when e € [max{0,¢F (a)}, 8% (a); (i) 7 =77 when e > &' (a).

The complete expressions for the social welfare in the three cases reported in Remark
1 are extremely long and therefore we decided to omit them from the main text. They

are, however, available upon request.
3.1.2 Taxing the polluting good

Next, we analyze the traditional taxation instrument, assuming that consumers are en-
dowed with an initial level of pro-environmental behaviors represented by o > 0. Based
on the previous discussion, a consumer of type 6 € [0, O] has thus the following utility:

0qg — pg + a (qu — qr) , if she buys the high (green) quality good,
U@) =< 6bq,—pr—a(qu —qr), if she buys the low (brown) quality good,
0, if she refrains from buying.

The consumer indifferent between buying the brown quality good and not buying at all

is:

pr+a(qn —qr)
qrL .

0 =
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The consumer indifferent between buying the brown quality good and the green quality

good is:

0 _ pa—pr —2a(qy —qr)
H= .
9 — 4L

Demands are given by x;, = 0y — 0 and vy = © — . Again, we assume that producing
the green good implies a higher cost than the brown good (¢ > 0). Nonetheless, the
polluting good is now subject to a per-unit tax ¢t. Profit functions are therefore 7, =

(pr —t)zy and 7y = (py — ¢) ry. Price competition yields:

B _cqp +2tqy +qO (g — q) — 20qm (qu — qr)
9 — 4L
B  qu[2c+t+20(qu —qr) + o (Bqn —qr) (qu — qr)
g — 4L

Let us now define:

3B (V- =By = et (8 —2aqn) (gn — qu)]
P (a) =7"(a) = 2qu (qu — qr) '

Lemma 3 bis Provided Assumption 2 holds, both firms stay in the market iff © >
OF (o) and t <" ().
Proof. First of all:

p}‘;*E(a) > 0 e— qr [c + O(qm — q1)] — 2aqu(qn — q1) — 7" (),

(2qm — qr.)
2qy — — — 3q — 20
PP@) e > 0 = t> c(2qu —q) — (qu QqL>[Oé( g — qr) + 20qx] = % (a)
H
aH

Moreover, we have to guarantee that at equilibrium prices 0 < 03 () < 037 (a) < ©:

— 2qy — © 2t
gy~ Ctlan—a) [0(2gn — a1) + Oau)l +2tam
qr (495 — qr)

O (qu — q1)] — 2 — ) —t (2qm —

0E () — 07F(a) = grfqrle+© (gr — qr)] — 20qm (qm — q1) —t (2qm —q1) } -0

(4QH - C]L) (QH - C]L) qL
= t<i"(0),
c(2qu — qr) — (qu — q1) [(3qu — q1.) + 2Oqu] — tqu

0xE () -0 = <0
(@) (4qu — q1) (qu — q1.)

— t>t"(a).
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However, it is easy to show that t”(a) < 0 <= © > ©%(a). Moreover, in the relevant
interval region it also holds that t”(«) > t (a). In addition, Assumption 2 guarantees that
©%(a) > 0 and that " (o) > 0. It follows that the conditions that must simultaneously
hold in order to guarantee that both firms are active in the market are ¢ < ¢~ (o) and
0> 0%0a). =

We assume that the conditions reported in Lemma 3 bis hold throughout the pa-
per. Remember that the precise value of ©%(a) is reported in (A12). Equilibrium de-
mands/outputs x3*F(a) and 2%3F(a) are not reported but they are similar to equivalent
expressions in the baseline case. We also confirm that dz3*F () /0t < 0, 0x%F (o) /Ot > 0,

and 0(z3F (o) + 23*F(a)) /0t < 0. Equilibrium profits and social welfare can still be ex-

pressed in the compact form:

7)) = j—;<qﬂ—qL> 5 ()]?, (A16)
T8 () = (qn —qu) [P E (@), (A17)

SW*E (a,t) = WE*E(OJ) + W}}*E(a) + C’SE*E(Oz) + CS}?E(O&) —e- a:E*E(a) +t- wz*E(a),

where the precise expressions of (A16)-(A17) as well as that of SW*¥ (a,t) are omitted
for brevity. Algebraic calculations show that the social welfare function is still concave

in t. The optimal tax rate can therefore be computed:

t*Fla) = e(4qn —qr) 2qm — qr) + qu1©qr(qn — qr) — 2¢(2qy — qr)] + - ¥
qu (4qm — 3qr) )
U = (qu — qu) (g5 + quqr — 47)-

Notice that also t*F(«) is increasing in .. Also in this case it is immediate to demonstrate

that ¢ is complementary with «:

2 wx B 2 *x [ 2 —q?
R(SW*E (1)) _ 90 (SW*E (o, t)) _ (4q7 + quqr gL> > 0. (A18)
dadt dtda qr (4qm — qr)

However, the intensity of the complementarity effect is different. By comparing (A18)

with (A15), one can easily find that

O*(SWHE (o, 7)) - D2(SW*E (a,t))

0y0a otoa (A19)
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The intuition is simple. The presence of an initial level of personal norms that favor
the green good at the expense of the brown one obviously goes in the same direction
as the two policy instruments, as it restrains the consumption of the polluting product.
However, « is more directly connected to v, given that these variables reinforce each other
in shaping relative preferences. The complementarity effect is therefore stronger when
the government adopts the campaign instead of the tax.

Taking into account that ¢*¥(«) has to be non-negative, and that the conditions from

Lemma 3 bis have to be satisfied:

Lemma 4 bis (o) € [0,7"(a)) when e € [max {0, e/F(a)}, 2 (a)).

qr[2¢(2qy — q1) —Oqr(qu —qr)] —a - ¥
(4qm — qr) (2qu — q1.) '
= @(a). Similarly to what we did

Proof. Firstly, t*¥ > 0 iff ¢ > e'F(a) =

2c(2qy —qr) —a- ¥
qr (qum — qr)
in the Proof of Lemma 2 bis, in order to avoid unnecessary notational complications, we

However, e'f(a) >0 < O <

simply write that ¢*¥(a) > 0 when e > max{0,e'"(a)}. Secondly, notice that t*¥(a) <

- 2 — 2 —q)’—a- U
() iff e < eF(a) = ¢Qan = 1) + 20 (gn — )" — @ , with £ (a) > ¢(a), as
(2qm — qr)

expected. Finally, notice that (:)(a) is decreasing in «, as well as & (o) and threshold

values e'?() and e'Z (). However, Assumption 2 guarantees that ©(a) > 0%(a) > 0.
n

We summarize the optimal tax policy in the following remark:

Remark 2 bis The government optimally sets: (i) t = 0 when e < max {0, ¢""()}; (ii)

t =t*¥(a) when e € max {0, e (a)} e ()); (iii) t = 7°(a) when e > eE(q).
Depending on the emission level, we find therefore three different expressions for the
social welfare function. They are omitted for brevity, but they are available upon request.

3.1.3 Comparing the two instruments under environmental qualities

Following (A19), we can already anticipate that, compared to the baseline model, the
campaign will perform better than the taxation instrument. However, in order to have a

precise comparison of the social efficiency of both instruments in presence of a > 0, we
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replicate the analysis carried out in the main text. Let

 20qr,(28q}; — 534} qr + 364347 — 10gr g3 + q7) — Y
~ qu (4gu — 3qr) (qu — q) (10¢% — 6quqr, + ¢2)

Y = (qu — qu) (1643, + 44q5,q, — 11047 + 774343 — 21qud), + 24);
O, (a) = 2020 = qr)’ — o (qn — ) (4q¥ + Tahar — 9anai + 24)
qm (4qm — 3qr) (8qm — 3qr.)

@1(0&)

Y

)

where ©F(a) < ©1(a) < ©5(a) under Assumption 2. Considering values of © such that
O > ©%(a), the following proposition replicates and extends the results that we outlined

in the baseline model for environmental qualities.

Proposition 1 bis Assume that consumers are environmentally concerned. The social

welfare preferences are such that:

(i) when © < ©1(«), the tax instrument is socially more efficient than the environmental

campaign.

(i) When © € (01(),02()), the tax instrument prevails as long as the cost of the
campaign is sufficiently high. For a relatively low cost of the campaign, taxation
dominates the campaign only when both the quality ratio qy /q;, and the pollution
level are not excessive. For each level of the quality ratio, there exists now a
threshold level for the polluting emission e above which the environmental campaign
is preferred to the taxation instrument. The higher the quality ratio, the lower the

level of such threshold level of e.

(iiif) When © > O4(«), the environmental campaign is socially more efficient than the
tax instrument, unless both the cost of the campaign and the emission levels are
sufficiently high. However, the impact of « is to increase the interval region where

the campaign is selected.

Proof. We limit our attention to internal solutions (s > s) and compare the different

e-thresholds values. For each case, we perform welfare comparisons.*

4As in the baseline model, we omit the precise expressions for the welfare differences for the sake
of brevity. They can be obtained upon request, as can the analytical solutions and many numerical
simulations which confirm our results.
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() When © € (©”(a), ©1(c)), the ranking is as follows:
efla) <e(a) < e (a) <2 (a).

For each subinterval we compare the relevant social welfare:
1. for e € (e'(), e (a)), SW(a)|,—g — SW(a)|,—por < 0;

2. for e € (eP(), (), SW(a)|,_o — SW(a)|,_= <0

3. for e € (¢"%(a),@"(a)), SW(a)|,_)or — SW(a)|,_s» < 0;

4. for e > @F(a), SW(a)|,_sz — SW(a)|,_s= < 0.

Y=

We then confirm that for relatively low values of O, the taxation instrument is always

preferred.

(ii) When © € (04(a), ©2(«)), we have two subcases:

(a) e (a) < e®(a) <e®(a) < e (a) when s € (s,3(a)),

(b) eF(a) < e*(a) <e¥(a) <eF(a) when s > 5(a),

(o) = (qu — qv) [can + O (g — qr) (3am — qr) F + a(16¢y — 20¢3rqr + 44347)]
qr. (4qm — q1) 2qu — q1) [0 (q — 2qm) (qr — qu) — cqu) ’

Q = 97¢}qL — 2q}; — 40q5q; + 2qu 4} + qp;

Fo= 8¢k +12¢5q, — 250442 + 11quq; — 24},

As in the baseline model, the subcase s € (s, s(«)) is the most interesting, as we find

that:

L for e € (¢'(a), " (a)), SW(a)|,_y — SW()|,_por < 0;

2. for e € (7% (a),eF(a)), SW(a)|,—y-z — SW(a)|,_pe < 0 only when the g /gy, is
not excessive and e is sufficiently low. For every value of qy/qy, there now exists a

threshold value of e above which the environmental campaign is more efficient than
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the taxation instrument (SW ()| _ .z — SW(a)|,_pr > 0).> This represents one
of the most important differences with respect to the baseline model. The higher
the quality ratio and the higher the initial value of relative preference, the lower the
level of such threshold value, meaning that the area where the campaign prevails is

increasing in both ¢y /g and a.

3. For e € (""(a),e""(a)), we compare SW ()|, _ssvs. SW(a)|,_.r , and find simi-

Y

lar results as in the previous interval region. However, for sufficiently high levels of

qu/qr, the campaign always prevails.

4. For e > &'"(a), we compare SW(«a)|,_-» with SW(a)|,_;z and find that the cam-

= t

paign always prevails.

Conversely, in the second subcase (s > s(«)) the taxation instrument always prevails,
as the cost for activating the campaign is now higher. We omit all the different subcases
for brevity. However, notice that s(«) is increasing in .. This implies that the presence of

such an initial degree of relative preferences reduces the area where taxation is preferred.
_ 2 (2qu — qr) — a (qu — qr) (443 + quqr — q3))
(qm —qr) ar

Y

(iii) When © € (05(a), O(av)), with O(«)

we have three subcases:

(a) eF(a) < @F(a) <e®(a) < e (a) when s € (s,5,(a)),
(b) eF(a) < e¥(a) <@¥F(a) < e¥(a) when s € (s1(a),3(a)),
(€) €%(a) <

e(a) <e¥(a) <eF(a) when s > 3.

The first two subcases can be explained together, as they provide the same result. For
this reason, the precise value of s;(«a) is not reported. Consider for example subcase (a),

where:

L. for e € (7(a),eF(a)), SW(a)|,_ .z > SW(a)|,_,, as it can be immediately

r=v

ascertained;

2. fore € (@%(a), e (a)), SW(a)|,_se > SW(a)|,_,, and also this result is obvious;

®The precise expression of such e-thresold value is extremely long and it is therefore omitted for
brevity.
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3. for e € (¢'"(), 2" (a)), we evaluate SW(a)|,_<x vis & vis SW(a)|,_,.r. Algebraic
calculations confirm that SW(a)|,_<z > SW(a)l|,_..s, and therefore the campaign

is preferred.

4. Finally, for e > & (a), we find that SW(a)|,_-z > SW(a)

|72 -

In subcase (b), the only difference is that the taxation instrument can be adopted for
a higher interval region of parameter e, given that ¢'f(a) < €¥(a). However, similar
results as those for subcase (a) can be obtained, given that the cost for the campaign is
still relatively low.

As in the baseline model, things change in subcase (c¢). We find that:

1. for e € (e"%(a), (), SW(a)|,_..e > SW(a)|,_,, hence the (relatively more

7=y
costly) campaign still prevails when the environmental damage is perceived as lim-

ited.

2. For e € (e'F(a),eF(a)), we evaluate SW ()|, _ . vs SW(a)|,_,.s. We find that

7=y
the campaign is more efficient only when the quality ratio ¢y /gy, is sufficiently high
and its cost is not too excessive; on the contrary, when ¢y /q; decreases (meaning
that the environmental quality of the brown good is not very different from that of
the green good), there exists a threshold value of e above which taxation is to be
preferred, when s is sufficiently high. Such a value is, however, smaller than in the

baseline model, thus confirming that the presence of o reduces the interval region

where taxation prevails.

3. For e € (e¥(a),e7F(a)), we compare SW(a)l,—-z with SW(a)|,_s#, and find the

t=t

same results as in the previous subinterval.

4. Finally, for e(a) > @"(a), we find that SW(a)|,_<z > SW(a)|,_s= when the
quality ratio is high and the cost of the campaign does not overcome a certain

limit. Otherwise taxation is more efficient from the welfare standpoint.
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(iii bis) When © > O(a), then ¢?(a) < 0 and e'Z(a) < 0. Therefore:

(a) max{0,27%(a)} < ¥ when s € (s,3(a)),

(b) eF(a) < @*(a) when s > 5(a).
In the first subcase, the campaign is always more efficient than taxation. We find that:

L. for e € (max{0,"(a)},e"(a)), algebraic calculations show that SW(a)|,_-» >

Y

SW(CY)’t:t*E y

2. for e > (), SW(a)|,_sz > SW(a)

|2

In the second subcase, we find that:

L. for e € (0,e'"), we compare SW(a)|,_ .x with SW(a)|,_.s. The campaign pre-
vails when qg/q is sufficiently high and s is not too high. When gp/q; decreases,
there exists a threshold value of e above which taxation is preferred, provided s is
high enough. Such a threshold value of e increases in «, thus confirming the main

intuition behind this robustness check.

2. For e € (e'%,@"), we compare SW(a)|,_..x with SW(a)|,_;» and find the same

5y ’t:t

results as in the previous subinterval.

3. Finally, for e > 2% we evaluate SW(a)| ==z vs. SW(a)|,_;= and replicate the
results of e € (0,277) with the only difference that, when gz /qr is very low and s

is high, then taxation prevails for each value of ¢ > e"¥.

The results outlined above confirm the validity of Proposition 1 in the baseline model.
The preconditions for the campaign to perform better than taxation in terms of total
welfare are a moderate cost s and a sufficiently high ©, which measures the average
evaluation for the environmental quality. The higher the value of ©, the higher the
green expansion effect induced by the campaign. For this reason, when © < 0;(«),

taxation always prevails, while when © > O5(«), it is the campaign that performs better
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in terms of total welfare, provided its cost is not excessive. When © € (01(a), O2(a)),
the campaign is more efficient than the tax instrument for sufficiently high levels of e.
However, differently from the baseline model, this is valid for each level of gy /q;, when
a > 0. Of course, the higher the quality ratio gy /qr, the lower the level of such threshold
level of e, and in turn the larger the interval region in which the campaign prevails. We
confirm therefore that « acts in reinforcing the efficiency of the environmental campaign
as compared to the pollution tax.

Finally, notice that all threshold values are affected by the presence of an initial level
« of relative preferences. As we showed above, the higher « is, the lower are the threshold
values of ©, and the higher are those of s. This implies that, ceteris paribus, an increase
in a reduces the interval regions where both O is so low that the impact of the campaign
is limited and s is so high that the campaign is too costly. Hence, when « progressively
increases and Assumption 1 ceases to hold, we progressively eliminate cases (i) and (ii)
of Proposition 1 bis. We are left with case (iii), in which the campaign prevails for each
value of © (given that ©,(a) < 0) if its cost is not prohibitive. However, given that s(«)
is also increasing in «, the interval region where the campaign is relatively affordable

tend to enlarge. This holds as long as

c+ bqy, (CJH - QL)
2qu (qu + qr)

a,

where @ > a”. Condition a < @ guarantees in fact that both ¥Z(a) and 7" () are
non-negative. When a > @, our analysis becomes immaterial as both policy instruments

cannot be adopted at the duopoly market at equilibrium.

3.2 Hedonic qualities

In the second scenario consumers value the hedonic quality of the goods above all else.
Hence, good H produced by firm H is the high quality but brown good, while good L
produced by firm L is the low quality but green good. As before, there is a continuum
of consumers indexed by 6 which is uniformly distributed in the interval [0, ©], where
6 now measures consumers’ valuation for the hedonic quality. Pollution generates an

environmental damage D = e - xy. We solve a two-stage game in which the policymaker
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decides whether to tax polluting firms or to support an environmental campaign, having
anticipated the price game played by firms in the second stage.

Again, the unique difference with respect to the baseline model consists in the presence
of a > 0, which does not depend on the policy instrument adopted by the government.

Similarly to the previous section, the following holds:

Assumption 3 The initial level of relative preferences is sufficiently low, ie., a <

_° __gf
(g +qz)

When o > @, then two situations may occur. For intermediate values of o, the
interval regions where the analysis can be carried out tend to reduce, but the main results
still hold. For high values of a;, we also confirm that both policy instruments cannot be

implemented if the government wants to preserve a market duopoly at equilibrium.
3.2.1 Supporting the environmental campaign

Introducing o > 0 in the baseline model implies that the utility for a consumer of type

6 € [0,0] is as follows:

Oqy — pr — (o +7) (g — q1) , if she buys the high quality good,
U(0) = Oq, —pr + (o + ) (gqu — q1.) , if she buys the low quality good,
0, if she refrains from buying.

The hedonic qualities of the two goods are indicated by qi > qr. The consumer indifferent

between buying the low quality good and not buying at all is:

QL:pL_<04+;/) (am —q1) (A20)

The consumer indifferent between buying the low and the high quality good is:

QH:pH_pL+2<04+7)(QH_QL)
qH — 4L

(A21)

Demands are formally written as: x; = 0y — 0, and xg = © — 0. Obviously, the
market share of the green firm L increases in «, which amplifies the green expansion
effect already outlined in the baseline model. Under Assumption 3 the market remains

uncovered. Profit functions are again given by 7y = xg - py and 7 = (pp — ¢) vr.

29



Equilibrium prices can be easily obtained:

2cqu + (qu — qu) [2(a +7)qu + Oqr]

* H o — 7
pi () 4qn — q1
oH ~cqu + (qu — qz) 269y — (o +7)(3qu — q1))
qg — 4L

where additional superscript H indicates hedonic preferences. It is immediate to notice
that pif(a) > pif and piF (a) < p3, given that the green good is now the low quality

one. Let us define:

H _ ¢ (2qu — q1) — 2aqu (qu — q1)
= (a) B qr (QH - C]L) ’
_H — o © (2gn —q1) (gn —qr) —cqu 2cqu+ O (qu —qr)qr |
7)) = { (5qm — qr) (gu — qr.) " (20 —ar) (quw — qr) }

Lemma 5 bis The market is uncovered and both firms are active in the market iff

0O > 0%(a) and v < 77 (a).

Proof. Notice that pif(a) > 0, while pif(a) > 0 only when v is sufficiently low.
However, if pif () > pif (), then a fortiori also pif () > 0. The first condition that we
need to impose is then:

O (2qy — q1) (qu — q1.) — cqu — a(5q3 — 6quqr + q3)

*H *H
Py () —pr (o) >0 <= v <
u () —pr (@) (5qr — qr) (qu — qr)

This threshold value of v decreases in «, as expected. However, Assumption 3 guarantees
that it is positive, hence v < 77 (a) can be met. Next, we verify that 7, is positive:

2 — qr) — (qu — q) (2 S
p*LH(a)—c>0 — 7>C( qdH QL) (CIH C]L)( aqm + qL)EZH(Oé),
2qu (qu — q1)

and that 0 < 67 (o) < 6};(a) < ©:°

0 (o) _ 2cqu + (qu — qu) [Oqr — v(2qu + q1)) — o243 — 3quqr + ¢7) -0
L (4QH - C_IL) qr
2cqy + O (g — q1) QL
(2qm — 2q1) (qu — qr)
. . qu{c(qr —2qu) + (qu — q1) [Oqr + 2( + ¥)qu|}
0% () — 07 (o = >0
(@) =0 e) (4 — a2) (Gaw — a0) dz

!

Y

= > 1H(a).
f ooy (g —aq)[(a+7)(Bgu — qr) — 20qu] — cqu
Pule) =6 = (g — qr) (4 — qr) <0
— < cquw — (qu — qr) [0(3qr — q1) — 26q4H] = 5(a).

(3qw — qr) (qu — qr)
6 As usual, in order to obtain 6} () and 07;(c), we plug pi () and piF («) into (A20) and (A21).

30



Assuming © > 07 (a): (i) " (a) < 0, and therefore we can discard such condition; (ii)

~ © (2qy — —qL) — 2 O (qg —
Ha) > max{ (2g5 —qz) (qg — q1) — cqm Ca cqr +© (qn — q1) QL}‘ Moreover, as

(5¢m — qr) (qn — qz) " (2qm —qr) (g — qr)
©(a) > 0 under Assumption 2, the requirements that have to be satisfied for the

market to be uncovered and for both firms to be active boil down to © > 6 (a) and

O (2qy — — — 2 S} —
~H = min{ (2gn = q) (a1 = q1) — cqu _ o, 2H +6(n —ar) QL} . The comparison

(5¢m — qv) (qu — qv) " (2qm — 1) (qu — qr)
between these two threshold values of v depends on the quality ratio. However, we will

demonstrate that the same qualitative results holds under both restrictions. m
The conditions reported in Lemma 5 bis hold throughout the paper. Equilibrium
demands 237 (o) and 23! (a) are not reported for the sake of brevity, and profits can be

written again in the compact form:

*H _ _ SH (2 o H (o) = (237" (@)]?
TL <a)_qH(QH qr) [27" ()], 7y () (@ —aq1)

We also verify that d(z3 (o) + 23 (a))/0a > 0, meaning that total output increases
not only in v, but also in a. This is due to analogous reasons as those reported in the

baseline model. The social welfare function is written in a compact way as follows:

2

S (,7) = 7" (@) + 7 (@) + OS5} (0) + CSif! () = e~ (a) = 53,
where the precise expression for C'S3¥ () and C'S3 («) are omitted for brevity. The
social welfare function is concave in v if and only if s > s, as in the previous scenario.

We compute the optimal v level which maximizes social welfare:

S () = qr (cquqr — 12¢q% — 30¢3 + cq? + 110qyq? — 80q¢%qr) + =
sar (qr —4qu)® — (g — qr) (12¢% + 243 — 13quq? + 19¢%qr)
E = equ(q—4qu) (@0 — 3qm) + o (g — 1) (1263 + 19¢}ar, — 13quds + 241 q) -

Notice that v* () is increasing in «, as in the case of environmental qualities. In
particular, taking cross-partial derivatives, we replicate the same result as in (A15).
Hence,

PSWE (7)) _ P(SW (0,7) _ (am — ) (126} + 196301 — Bamad +241) _

Oady [jaloJe! ar, (4qu — qr)’

(A22)
We need now to impose conditions for v*# (a) to make economic sense. The following

lemma replicates the conditions outlined in the baseline model:
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© (25 — q1) (qu — qr) — cqu — a(5q}; — 6quqr + 43)
(5qm — qr) (g — qr.)
Then v (o) € [0,7% (o)) when e € [ (o), (a)).

Lemma 6 bis Assume 7 (a) =

qr [q© (8qw — 3q1) (qm — qr)] — E
qr (4qm — qr) (3qu — qr.)
Next, we have to find the condition for v* () < F# () . This holds when e < e (o) =
(g — qr) [equ(18¢% + 5qmqr — 3¢2) — 20 (qu — q1) (3qw — q1) (qu + 1)) — sqr. (4qm — q) - A
qr (3qu — qr) (qu — qr) (5qu — qr)

where A = cqu + (qu — q1) [@(5qu — qr.) — ©(2qm — q)]. Similar conditions would have

2cqr + O (qu — q1) 4L
(2qu —q1) (qu — q1.)

Proof. First, v*7(a) > 0 iff e > & =

b

been obtained by using ¥ = —a, without changing the qualitative
results of our paper. m

It follows that:

Remark 3 bis The government optimally sets: (i) v = 0 when e < ¢ (a); (ii) v =

v*H (a) when e € [ (), e (a)); (iii) v = 7" (o) when e > e (a).

The complete expressions for the social welfare in the three cases reported in Remark

3 bis are available upon request.
3.2.2 Taxing the polluting good

A consumer of type 6 € [0, ©] has the following utility:

0qg — pg — a(qg — qr), if she buys the high quality good,
U(0) = Oqr, — pr + a(qu — q1), if she buys the low quality good,
0, if she refrains from buying.

The consumer who is indifferent between buying the low quality good and not buying at

all is:

9 _pL_a(QH_QL)
L — )

qrL

while the consumer indifferent between buying the low quality good and the high quality

good is now given by:

0 _ pa —pr+2a(qn — qr)
H — .

qH — 4L

Profit functions in the presence of the taxation instrument are 7, = (p, — ¢)z and

TH = (pH —t) TH.
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Equilibrium prices as a function of qualities are:

(2aqr + Oqr) (g — qr) + 2cqm + tqr

sk H o _
pr " (@) pp——
wxH ~ qu(c+2t) —2(qu — qr) [0(3q — q1) — 20qx]
Py (@) = P .
g — 4L

Let us now define:

7 cqu — (qu — q1) [o(3qu — q1) — 20q4]
()
295 — qL

Lemma 7 bis Both firms are active in the market iff © > ©"(«a) and t < ZH(a) :

Proof. We focus on the case in which the price of the high quality good is higher than

that of the low quality good:

cqu + (qu — qr) [a(5qr — qr) — ©(2qm — q1)] _ ~

p}‘}‘H(a) — pE*H(Oz) >0 < t> 5 = t(w).
qH — 4L

This also guarantees that pi(a) > 0, given that p3*# () is always positive. Moreover:

c
pifla)—c > 0 <= t>

(2qu — q1) — (qu — q1)2agqy + Oq1) (a) ;
qr
ppfl@) —t > 0 = t<i ().

At equilibrium it must also hold that 0 < 67 (a) < 03 (a) < ©:

0% (a) = 2cqu +tqr + (qu — q1) [©q1, — a(2qy — q1))

4 ) > 0 under Assumption 2;
4 — 4L) 4L

O(a) —0i(a) > 0 <= t>tl(a);

055 () —© < 0 <= t<i ().

It is easy again to demonstrate that t¥(a) > t(a). Moreover, t(a) < 0 <— © >
©(a), as in baseline model. Hence, we assume that © > © in order to eliminate the
condition ¢ > t(a). It follows that conditions ©® > ©"(a) and ¢ < fH(Oz) are required
to have both players active in an uncovered market, provided Assumption 3 holds. m

sk H sk H

Equilibrium demands/outputs 3" («) and x5 («) are omitted for brevity. We con-

firm that taxation always shrinks total output. Equilibrium profits are given by:

7o) = j—IZ(qH—qm 5 ()2,
0) = (qn — qp) BT (o))
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Social welfare writes in a compact form as:
SW*H (o, t) = 75 H (o) + 5 (o) + CSH (o) + CSi (o) — e 2 (a) +t - 23 (a).

The precise expression of CS;*(a) + CSi(a) is available upon request. Algebraic

calculations confirm that SW**# («,t) is concave in ¢. The optimal tax rate is:

1

t*H a) = X
() qu (4qm — 3q1)

e(4qr—qr) 2qm — qr)—qu [© (4qu — 3qr) (g — q) + 2¢ (2qm — )] +(8¢%—5qmqr+47 ).
Also in this case it is immediate to demonstrate that ¢ is complementary with a:

P(SWH (o, t))  P(SWH (a,t))  (8¢% — quqr + ¢3)

dadt 9tda qr (4qm — qu)? (429)
As before, we compare (A22) with (A23) and obtain that:
2 *H 2 *x

0v0a ” Otoa

This confirms also in the hedonic case that the presence of «, although benefitting both
policy instruments, contributes to a higher social efficiency of the campaign with respect

to the tax. The following lemma states the conditions for ¢*/ to have economic meaning:
Lemma 8 bis *7 € [0,7" («)) when ¢ € [¢'(a), 2 ().

Proof. Two conditions have to simultaneously hold: (i) t*#(a) > 0 iff ¢ > e (a) =
qm [© (4qm — 3q1) (qu — qr) + 2¢ (295 — q1)] — a(8qy; — 13439 + 6quai — q}) (i) <

(4qm — qr) 2qm — qr) , ’2 . .
_ O (4gy — 3 — 3y — 2 —a(7q7 — 13 7 —
Hifre < et (q) = qm [© (4qm qr) (qm — qr) + ¢ (3qm qr)] — (g% q5qr + Tquaqi — q1)

(QCJH - QL)2

Remark 4 bis The government optimally sets: (i)t = 0 when e < e (a); (i) t =

t*H (a) when e € [e'(a), e (o)); (iii) t =T (o) when e > e (a).

The expressions for the social welfare for the three different values of ¢ which appear

in Remark 4 bis are available upon request.
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3.2.3 Comparing the two instruments under hedonic qualities

As in the previous scenario, (A24) clearly indicates that the campaign benefits more
than the taxation instrument from the presence of the initial level of pro-environmental
behavior . However, from the baseline model we know that taxation always prevails
over the campaign when consumers are characterized by hedonic preferences. Factoring
out the effects of the different parameters at stake, is it now possible to find interval
regions in which the government would opt for the campaign? The following proposition

answers to this question:

Proposition 2 bis Assume that consumers are not environmentally concerned (hedonic
qualities). Even in the presence of an initial level of pro-environmental behaviors
a > 0, the social welfare preferences are such that, if the cost of the campaign
is sufficiently high (s > s), then the tax instrument is again always preferred
to the environmental campaign. However, the performance gap between the two

instruments reduces as « increases.

O (2qu — q1) (qu — q1) — cqu — a(5¢3; — 6quqr + q7)
(5C]H - C]L) (C]H - QL)
However, tedious numerical calculations show that similar results would hold even with
_ 2cqg + O (qu — qr) qr
7 (a) = ( )
(2qu —q1) (qu — q1)
thresholds, one can find the following cases:
. ¢ (3qu — qr) (16¢3; — 24q}q + 11quq; — ¢}) — ol
)0 e (07 (a),03(a)), O3 (a) = ,
¥ (87 (), s (a)), s () qu (gu — qr) g (16¢%; — 20q1qL + 54¢7)
U = (g — qr) (48¢3; + 16¢3q — 979447 + T143q} — 20quq; + 247 ), the ranking is:

Proof. We consider 57 (o) =

— «a. When s > s, by comparing the different e-

e (a) < e (a) < ¥ (a) <& (a).

(ii)) © > O3 and s € (s, S(«)), with s defined in the baseline model (see expression 13)

and $(«) appearing in the Proof of Proposition 1 bis, the ranking is:
e (a) < e (o) < (o) <& (a).

(iii) © > O3 (o) and s > 5 (), we have that: e'” (a) < e (a) < e (a) <& ().
Comparing the appropriate social welfare expressions, we can prove that, for any e,

taxation always determines a higher welfare than the environmental campaign. For the
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sake of brevity, we do not replicate all the welfare comparisons, whose precise expressions
are very long and are not reported in the text. They are available upon request along
with several numerical simulations that confirm our results. We confirm that taxation
always provides a higher level of social welfare than the campaign. However, we also
demonstrate that, the higher the value of «, the lower the difference between the social
welfare computed under taxation and that obtained with the campaign. =

When the social welfare associated with the environmental campaign is concave (s >
s), the government always prefers the taxation instrument. The higher increase in per-
formance of the campaign with respect to the taxation instrument is not sufficient to
counterbalance the forces highlighted in the baseline model in support of the polluting
tax when consumers show hedonic preferences. Notice, however, that we carried out our
analysis under the condition represented in Assumption 3. Given that all threshold values
of 7 still decrease in o, we are therefore assuming that the impact of the campaign is even
more limited than in the baseline model. If we consider progressively higher levels of a,
then it becomes more likely to alter the equilibrium market structure when adopting the

campaign instead of the tax. In fact, we obtain that:

O(2¢% — 3 2y — 2 O (qy —
WH(CV)ZO@aémin{ (2¢5r —3quqr +41) — can 2cqu + O (qu QL)QL}’

(5gr —qr) (qu —qr) 243 — 3quqr + 43

qulc +20 (qu — q1)]

-H
t () >0<=a<
3q} — 4quqr + 43

where

qulc + 20 (qu — q1)]
3¢% — 4quaqr + ¢

> s { O(2¢% — 3quqr + ) — cqu 2cqu + O (qu — q1.) QL}
(5qr —qu) (qg —aqr) 243 — 3quqr + 47

This means that, ceteris paribus, assuming that the government aims at the complete
elimination of the pollution activity, then the campaign induces the brown firm to exit

the market for relatively low levels of o with respect to the taxation instrument.”

"More precisely, considering progressively higher levels of «, when supporting the campaign instead
of the tax it is more likely to reach a situation where the only producer active in the market is the green
one.
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3.3 Discussion

In this last section we extended the basic model by considering a campaign that does not
activate pro-environmental behaviors, but it rather increases their weight in the utility
function. Although algebraically more challenging, we demonstrated that the main results
of our paper are still valid. In particular, when consumers value the environmental quality,
then a campaign proved to be socially more efficient than the pollution tax for similar
parameter values than those outlined in Proposition 1 in the baseline model. The only
relevant difference consists in the fact that the interval region in which the campaign
prevails is larger than in the baseline model, and it is increasing in «. As a consequence,
for intermediate levels of ©, we demonstrated that the campaign prevails for each quality
ratio. Second, when consumers favor the hedonic quality, taxation still prevails as the
best policy instrument in the entire relevant interval region. However, the efficiency gap
between the two instruments is not as significant as in the baseline model. This confirms
that adding an initial value of moral consumption that rewards the green producer to
the detriment of the brown one increases the efficiency of the environmental campaign as
compared to the taxation instrument.

It was also relatively easy to demonstrate that the degree of complementarity between
« and v is higher than that between a and t. Indeed, the presence of an initial level of
personal norms that favors the green good at the expense of the brown one goes in
the same direction as the two policy instruments, as it reduces the consumption of the
polluting product. However, « is more directly connected to v, given that these variables
reinforce each other in shaping relative preferences. The complementarity effect is then
stronger when the government adopts the campaign instead of the tax.

The main message of our contribution is therefore not only confirmed but also rein-
forced when we account for a campaign that does not modify the structure of consumer
preferences, but it simply amplifies their pro-environmental component. In fact, as we
pointed out above, compared to the baseline model, we can now prove that our main re-
sults are independent from the quality specification, although we confirm that an increase

in the quality ratio tends to favor the campaign. As a consequence, our assumption of
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keeping qualities as exogenous does not represent a limitation for the modeling strat-
egy adopted in this paper. Our model provides therefore valuable environmental policy
indications, depending on consumer preferences towards the environment.

One final remark. In order to make our demonstration as simple as possible, we
initially considered relatively low levels of «. Then, we discussed the implications of
extending our analysis to progressively higher values of a. The reason is the following.
One of the crucial points of our paper consists in the possibility for the government to
adopt consumer-based policy instruments as an alternative to taxing polluting firms. In
particular, consumers can be persuaded to switch from the brown to the green good by
raising their awareness about the negative impact of pollution on the ecosystem in which
they live. Environmental campaigns designed for this purpose are often costly. However,
if consumers demonstrate an initial sensibility for such issues, already captured in our
baseline model by considering an initial scenario in which they value the environmental
quality of the products, then the campaign may turn out to be socially preferable to
traditional tax instruments. If we start from relatively high values of «, then a comparison
between two different policy instruments may become immaterial, given that the brown
firm would be since the beginning extremely penalized at no cost to society. Taxing such
a firm would result therefore in the creation of a "green" monopoly, which is not the aim

of the present paper.
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