Supplementary Note

This Note shows that our findings in section 3 are robust to a variety of alternative speci-
fications of the model.

A Presence of Foreign Consumers

For a sharper characterization, we have assumed in the main analysis that all consumers
are in Home. This assumption is however not crucial to our result. Suppose that a fraction
p € [0,1) of the consumers reside in Home while the remaining fraction, (1 — u), reside in
Foreign. In addition, all consumers have an identical demand for final goods, @ = Q(P),
and Home and Foreign markets are segmented. Following the literature, we can then show
that if P(t) is the equilibrium price in Home, it is also the equilibrium price in Foreign.
Under this environment, the optimal tariff, ¢ = #(), implicitly solves the following:

o _P/(Q(t))Qs(t)(z +€) <3(1 —p)+14+é ﬁ> '

2+¢€

where Q(t) and P(Q(t)) respectively denote the aggregate world output and price in a
Cournot equilibrium for a given t. Observe that, as in Proposition 3.1, (i) ¢(3) > 0 if 3 is
less than a threshold value, and (ii) ¢ (3) < 0. The only difference lies in the possibility of
t(8) > 0: The optimal tariff is more likely to be positive under . < 1 since the negative
effect of tariff on consumer surplus receives less weight.

B Strategic Interactions between Governments

We have assumed in the main analysis that only the Home government sets a tariff rate
and the Foreign government does not engage actively in trade policy. Here we show that
the negative relationship between bargaining power and tariffs is robust under a non-
cooperative tariff setting by the two governments.

Consider an environment in which the governments of both countries, Home and For-
eign, choose tariff rates non-cooperatively to maximize the welfare of their respective coun-
tries. To illustrate this strategic interaction in a simple fashion, assume that © = 0, i.e.,
all consumers are in the Foreign country. Let ¢ denote the Foreign tariff rate on imports
of final goods and let {5 denote the Home tariff rate on imports of intermediate inputs.
For a given pair of tariffs (ty,tr), let Q(tg,tr) and P(ty,tr) = P(Q(ty,tr)) denote the
equilibrium aggregate output and price. Then, the welfare of Home and Foreign, denoted
by Wy and W respectively, are given by:

Wy = ﬁ(P(tH, tp) —c—ty — tF)Q(tH, tr) + tHQ(tH, tr),
Qltmitr) . .
W = /O P(y)dy — P(ta tr)Q(ta, tr)
+ (1= B)(P(ty,tr) —c—tg —tp)Q(th, tr) + trQ(tu,tr).
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Let us now turn to Nash equilibrium tariffs in this two-country setting (see the Appendix
to this Note for detailed derivations).

Proposition B.1

(1) The country with lower bargaining power sets a higher tariff. More formally,

tu(B) Ztr(8) <= B3

N | —

where ty(5) and tp((3) respectively denote the optimal tariffs for Home and Foreign.
(ii) Suppose that 5" + St < 0 holds for i # j € {H,F}. Then, the optimal tariff in

Home (Foreign) is monotonically decreasing (increasing) in the bargaining power of

Home firms, i.e.,
dty dip

a7 <0, ¥ > 0.

There are two caveats to this extension. First, though it is assumed that all consumers
reside in Foreign, the fraction of consumers in Home, p, does not qualitatively affect the
main result. Second, we have assumed away an export tax — not banned by WTO but illegal
by U.S. law — on intermediate inputs imposed by the Foreign government. If we allow for
this possibility, the Foreign government would face a trade-off between the terms-of-trade
improvement and a reduction in Foreign firms’ profits in determining the optimal export
tax. This trade-off is similar to the one faced by the Home government in determining
optimal import tariff. Hence, we expect that when Foreign firms’ bargaining power is high
(low), the optimal export tax is negative (positive), and it is monotonically decreasing with
Foreign firms’ bargaining power. Results similar to the ones reported in Proposition B.1
would continue to hold.

Example: Consider the class of inverse demand functions: P(Q) = a — Q%, where d > 0.
The optimal tariffs are:

_(a—c)d(d+1) d _ (a—c)d(d+1) d
B = —"p <d+1ﬁ)’ e(B) = ——Tp (d+1(1ﬂ)>'

First, consider the linear demand function for which ¢ = d — 1 = 0. The optimal tariffs
for Home and Foreign are respectively shown as bold lines HH and F'F in Figure S.1. As
expected from Proposition B.1,

(1) HH lies above (below) F'F' when Home firms have less (more) bargaining power;

52

Note that, while Q;g’i < 0 from the second-order condition, whether ; ZJ is positive or negative depends
Sot;

on the strategic relationéhip between Home and Foreign tariffs. It can be immediately seen that this condition

2
necessarily holds if Home and Foreign tariffs are strategic substitutes, i.e., % < 0.
7Ot
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ty tp

—— b =1 (linear)
----- b > 1 (strictly concave)
~~~~~ b < 1 (strictly convex)

FIGURE S.1 —ty, tr and 3

(i) HH and FF are downward sloping in the bargaining power of Home (3) and Foreign
(1 — B) respectively.

Both (i) and (ii) are preserved when ¢ > 0 (see the dashed line) as well as when ¢ < 0 (see
the dotted line). The only qualitative difference between these cases is in the likelihood of
import tariffs and import subsidies. Under linear demand (i.e., ¢ = 0), free trade is optimal
if both countries have equal bargaining power. Otherwise, if bargaining power is unequal,
the country with less bargaining power sets an import tariff while the other country offers
an import subsidy. As both HH and F'F shift up for € > 0, compared to linear demand, the
optimal tariff is more likely to be positive for strictly concave demand functions (d > 1).
The opposite is true for strictly convex demand functions (d < 1).

C Ad Valorem Tariff

In the main text we assumed that Foreign firms face a specific tariff on intermediate input.
Here we show that the negative relationship between ( and optimal tariff goes through
when Foreign firm faces an ad valorem tariff on intermediate input.

Everything is same as in the model described in section 3 except that, instead of specific
tariff of ¢ per unit, each Foreign firm pays ad valorem tariff + > 0. Consider a pair i(=
1,2,...,s) where a Home firm H; pays r; for one unit of intermediate input while a Foreign

firm F; receives R;. The two prices, r; and R;, are connected by ad valorem tariff as follows:

r, = (1+T)RZ
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The relevant utility functions for the analysis of the bargaining are H,’s profit, 7y, =

[P (qi + Zj# qj> — rz} ¢i and, Fy’s profit, 7p, = (127 — ¢)g;. As in section 3.1 we can show
that for all s > 1 the unique bargaining outcome is given by 7 = ... =7y =7 and ¢ = ... =

Gs = ¢, where 7 (> 0) and ¢ (> 0) are determined by (C.1) and (C.2) below:

§=———"—> (C.1)

P = (1-B)P(Q)+0C, (C.2)

where C = (1+7)cand Q = @ uniquely solves the following:

sP(Q) + P'(Q)Q = sC. (C.3)

The lemma stated below is effectively the ad valorem tariff analog of Lemma 3.1. Only

part (iii) is weaker than its counterpart in Lemma 3.1.

Lemma C.1

(i) For a given ad valorem tariff rate T, the aggregate output Q and the final-good price
pP= P(Q) are independent of (3; i.e., d@/dﬂ = d]f’/dﬂ =0.

(i1) For a given bargaining power (3, an increase in the ad valorem tariff rate lowers output
and raises prices; i.e., dQ/dT <0, dP/dT > 0 and d7/dT > 0.

(iii) Let R = - denote the price received by a Foreign firm in equilibrium (for each unit

of the intermediate input). Then, df%/ dr < 0 for all logconcave demand functions.

As in Lemma 3.1(ii), an ad valorem tariff improves the input terms of trade for all
logconcave demand functions. Let Q(T, B), P(T, B) and 7(7, 3) respectively denote the equi-
librium output, the price of final goods and the price of intermediate inputs for a given 7
and (; similarly, let R(T, B) = @ for a given 7 and 3. Note also that, as in Lemma 3.1(i),
equilibrium output does not depend on 3 in the short run, and thus we use Q(r) and P(r)
to denote the equilibrium output and price respectively.

In the first stage, the Home government chooses a tariff rate 7 to maximize Home
welfare (Wg):

~

Q(7) . . . . .
Wy = /0 P(y)dy — P(1)Q(7) + (P(T) — (T, ﬁ)) Q(T) + (7(7,8) — R(7,8))Q(T) .

~~ Tariff revenues
Home profits

Consumer surplus

Simplifying the above expression further gives
Q(7) . .
Wy = /0 P(y)dy — R(1,8)Q(7).
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Differentiating Wy with respect to 7 and rearranging, we get

Wy _ o a0 Q) AR() -
2k = (P(r) - 7 ) 5 = S G(). (C.4)

The first term captures the welfare loss due to the tariff-induced output reduction. The

price-cost margin, 15(7) — R(T, (), multiplied by the amount of output lost, d%f), is the

magnitude of welfare loss. The second term, —%Q(T), captures the welfare gains

arising from the terms-of-trade improvement (% < 0). As in section 3.2, the optimal
tariff rate strikes a balance between the two.

Let 7(5) denote the optimal ad valorem tariff. Substituting the expressions for @

and % from Lemma C.1 into (C.4) and rearranging we get:

Wy _ (P SR —cl+7) 5¢ (1-B)PQ [, sc(l+7)
dr <1+7’+ 1+7 )_P/(C?)(S_’_l_’_é)+ <1+T)2 <1 (s—|—1-|-€)]5> (C.5)

When § = 1, the second term in (C.5) is zero, i.e., the terms-of-trade motive vanishes.

Only the harmful effect of the tariff — output reduction — remains. An import subsidy
_ se(P—c)

‘ﬁzl — P(Q)(s+1+4e)

for all 7 > 0, which explains why an import subsidy is optimal in this case (7(1) < 0).

When 3 = 0, optimal tariff is strictly positive (7(0) > 0) since ‘Hg/—TH

PQ _sc(147)

raises Home welfare by increasing output. Indeed we find that %V—TH

J— SC’TP
‘ﬁ:o T OPH(Q)(s+1+9) T

b

The above discussion suggests that Home’s optimal tariff is positive when Home firms
bargaining power is low, and is negative when their bargaining power is high. Moreover,
there is a range of values for 3 such that the optimal tariff is strictly decreasing in §.

Formally, as in section 3.4, we get:

} ndT(B) . naQWH
1743 T M s0r
From (C.5), we have that %zvgf = —(1517%2 < 0, and 7(() is monotonically decreasing in §.

Since 7(0) > 0, 7(1) < 0 and dfi(@ﬂ) < 0, we have the following result:

Proposition C.1 Let 7(3) denote the optimal ad valorem tariff. Then, the following holds:

(i) There exists (3 € (0,1) such that
TB)Z0 & B0

(i) 7(B) is monotonically decreasing in (3.
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D Tariffs on Final Good and Intermediate Input

In section 3.4 we mentioned that an increase in bargaining power of Home firms decreases
tariff on intermediate input but increases tariff on final good. Below we demonstrate this
claim formally.

Consider an environment where Home specializes in final goods but Foreign produces
and exports both final goods and intermediate inputs to Home. Suppose Home and Foreign
respectively have m; and ms final-good producers who have identical production technolo-
gies. Foreign has n potential intermediate-input producers. Assume that n > m(= mj+ms)
and the matching function is s(m,n) = min{m, n}. This implies s(m,n) = m and all final-
good producers in Home and Foreign find upstream partners. As before Home firms’ bar-
gaining power is (3 vis-a-vis a Foreign firm. Here we also assume that all firms in the
same country have equal bargaining power. Thus, when a Foreign final-good producer is
matched with a Foreign intermediate-input producer, the surplus is equally split among
them as they have the same bargaining power. A welfare maximizing Home government
imposes a specific tariff of t/ and ¢/’ on intermediate input and final good respectively.

Let ¢; and s respectively denote the equilibrium output produced by a Home-Foreign
pair and a Foreign-Foreign pair, and let #; and 7 respectively denote the equilibrium unit
price of intermediate input by each pair. Proceeding as in section 3.1 we can show that

S A
Q= —%’ i = (1= B)P(Q) + Ble+th), (D.1)
Go = _W, o = 0.5P(Q) +0.5(c +tF), (D.2)

where Q = @ uniquely solves the following:
(m1 +mg)P(Q) + P (Q)Q = (m1 + ma)c + myt! +mot?. (D.3)

Let 1 = (P — ¢ — t¥')q; denote the equilibrium profit of a Home-Foreign pair where
P = P(Q) As equilibrium output of a pair is decreasing in own cost, ¢; is decreasing in
t!. Furthermore, P — ¢! is decreasing in ¢/ for all logconcave demand functions considered
in the paper. These imply that 7, = (P — ¢ — t/)¢; is decreasing in /. An increase in
tf' reduces ¢» and raises §; (since outputs are strategic substitutes under Assumption 1’).
Furthermore, P is increasing in ¢*. These imply that m = (]5 — ¢ — t!)qy is increasing in

t¥. Thus,
87‘(‘1 87‘(‘1
ol <% ar

Now let us turn to welfare. Home welfare, denoted by Wy is given by:

> 0. (D.4)

Q! ) . .
Wy = / P(y)dy — P(t1, tMYQ, t7) + Bmym (1, t5) + tTmygi (¢F, 7)) + tFmago (¢, 1)
0

Home profits Tariff revenues

Consumer surplus
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First assume that ¢’ is exogenously given and thus the Home government sets only ¢/ to

maximize welfare. Differentiating W with respect to ¢/ we get

oWy LA~ 0Q o g Oda
— = - 9—r. D.
il P(Q)Qat] + Bm (%1 L tmag +t! mlatf +timag g (D.5)
Solving 22 — ( yields the optimal tariff on intermediate input which we denote as
ot

t!(tF, 3). As in section 3.4, we find that

S ndtl(tF’ﬁ) =s naZWH = mqs n%
WA T SBMaga T RN
where the last equality comes from (D.5). Since % < 0 from (D.4), it follows that
dt’(t", B)
———= <. D.6
R <0 (D.6)

Now assume that ¢ is exogenously given and thus the Home government sets only ¢/
to maximize welfare. Differentiating Wy with respect to t/" we get

oWy
ot

aQ

i (D.7)

J4o 0q
+ made + tFmg o2 4 Iy, S0

= —PQQg7 o Lo

- m E)tF

Let t¥ (¢!, 3) denote the optimal tariff on final good, i.e., the value of t/" that solves %W £ =0.

Using analogous reasoning as before, we find that

nth(tl,,B) - na2WH B Lom
ST T S8l T TSN
Since % > 0 from (D.4), it follows that
dt” (¢, 8)
—_— . D.
a3 >0 (D.8)

Proposition D.1 below restates (D.6) and (D.8) in words.

Proposition D.1

(1) Optimal Home tariff on intermediate inputs is strictly decreasing in 3 when Home

tariff on final goods is exogenously given.

(i1) Optimal Home tariff on final goods is strictly increasing in 3 when Home tariff on

intermediate inputs is exogenously given.

How does an exogenous reduction in t" affect optimal ¢/? Or, how does an exogenous

increase in t! affect optimal tF'? To answer these questions we need to know whether ¢

Wy

sk < 0). Assume that the inverse

and t’ are complements ( o O Wy 5k > 0) or substitutes (575
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demand function is linear, i.e., P = a — Q. It is straightforward to show that Home welfare

is given by

(m1g1 + maga)?
2

Wy = + Bm1dt + thmidr + tFmade,

where

a—c— (mq+ Dth 4+ mat”
no= mp+ma+1 ’
a—c— (my+ Dt +myt!

my+mg+1

Using these expressions we find that

82WH . 34+ 2my + 2m2(1 - ﬁ) — Qﬂ
otlotr (m1 —+ mo + 1)2

> 0.

Thus t/ and ¢! are strategic complements; an exogenous reduction in ¢t/ lowers t/ and
vice versa. From a policy point of view, this finding suggests that successful negotiation
on tariff reductions in one sector can prompt unilateral tariff reductions in the vertically

linked sector.

E Alternative Bargaining

The main analysis in section 3 has assumed that each Home-Foreign pair i bargains si-
multaneously over the input price r; and the level of output ¢;. We can consider a variant
of our model where each pairi (= 1,2, ..., s) first bargains over the input price r; alone, and
subsequently, each H; chooses ¢; taking r = (r1,79, ...,75) as given. This sequence is in the
spirit of the right-to-manage model in the labor union literature, where firms and union
first bargain over the wage, and subsequently, each firm chooses the employment level.
We consider a three-stage game where the sequence of events is as follows: (i) In stage
1, the Home government sets a tariff rate ¢ per unit of imported input; (ii) Stage 2 in-
volves bargaining between H; and F; in which each pair i bargains over the input price r;,
taking other pairs’ input prices » = (r1,r2,...,75) as given; (iii) Stage 3 involves Cournot
competition in the final-good sector in which each H; chooses its own output, ¢;, taking the
bargained prices of the intermediate input and other Home firms’ output as given.

E.1 Bargaining

Consider first the third-stage Cournot competition. Each Home firm H; chooses the quan-
tity of output ¢; to maximize [P (qi + Zj i (L-) — rl} ¢;, where r; is given from the second
stage. Under Assumption 1 or 1’, there exists a unique equilibrium ¢ = (¢1, g2, ..., §s) where

= P@-r o (E.1)

P(Q)
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and Q = Q solves the following:
P(Q)+ P (Q)Q z)j (E.2)

In the second stage, Nash bargaining between H; and F; determines the input price so
that 7; = arg max,, [(P(Q) —r;)]?[(ri —c—1t)]'~7¢;. We can show that there exists a symmetric

equilibrium #; = ... = s = # where
. P(Q)+B(c+1)
7= T B ) (E.3)
and (1+8)+
ﬁ + 1 - Z S 66
B= (s17e)

1-p

Note that (E.1) and (E.3) are respectively corresponding to (3.1) and (3.2) in the original
model. Rearranging (E.3) yields R

PO — 7

Q- _p (E.3)

r—c—t
Recall from (3.2’) that the right-hand side of (E.3’) equals % (i.e., the ratio of bargaining
power between Home and Foreign firms) in the original model. Loosely speaking, thus, B
can be viewed as the modified ratio of bargaining power between Home and Foreign firms.
The following lemma records some comparative statics results (with respect to bargaining

power and tariff rates).

Lemma E.1

(i) For a given tariff rate t, the aggregate output Q is increasing in (3 and the final-good
price P = P(Q) is decreasing in it; i.e., 9Q/05 > 0 and dP /3 < 0.

(i1) For a given bargaining power (3, an increase in the tariff rate lowers output and raises
prices; i.e., 9Q/0t < 0, dP/dt > 0 and 07 /dt > 0.

While Q is independent of 3 in the original model, it is increasing in 8 in the current
setup. In contrast, the signs of 8Q and 8T are the same as in the original model.

E.2 Tariffs

In the first stage, the Home government chooses a tariff rate ¢ to maximize Home welfare,
which is exactly the same as the original model. Hence tariff gives rise to two opposing
effects (a tariff-induced output reduction effect and a terms-of-trade improvement effect)
on Home welfare in the current model. However, since the nature of alternative bargaining
has a different impact on the equilibrium variables through B that measures the relative
bargaining strengths of Home and Foreign firms, the optimal tariff is also affected by B

S-9



Setting 92 = ( and simplifying, we have the following proposition.
d

Proposition E.1

Let t(3) denote the optimal tariff. At t = t([3) the following holds:

(—B+1+e). (E.4)

Q and ¢ respectively are the aggregate output and elasticity of slope evaluated at t = t(5).

Furthermore,

() there exists 348 such that

ap 1+ se+e+ €

B Z0 < ,
(ﬁ>< B 25 + 1 + se + 3e + €2

VIA

(i1) t(B) is monotonically decreasing in [.

Note that 348 and /3 are usually different. For instance, consider linear demand (¢ = 0).

Substituting ¢ = 0 gives 348 = L whereas the corresponding cutoff is 3 = 1 in the
I5+1 )

original model. Consequently, for all s > 1, a tariff is less likely to improve welfare in the

alternative bargaining setup.
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Appendix to the Supplementary Note

Proofs for Section B
B.1 Proof of Proposition B.1

Consider (i) first. Simplifying the first-order conditions, %‘QV; =0 and aavt‘/: =0, gives:

B P (Q(ta,tr)Q(tu, tr)(2+ &) (1 +§ _ 5) , (B.1)
S 2+€

e _p/(Q(tH,tF»ci(tH,tF)@ +) (; ii a- B)) , (B.2)

where é = e(@(tH7 tr)). Clearly tg =ty (08) and tp = tp(8) satisfy (B.1) and (B.2). Subtracting (B.2) from (B.1) gives

(1-28).

PR P(Q(ta,tr)Q(ta, tr)(2+ &)
H—tp=— S

Since —P'(ty, tF)Q(tH, tr)(2 + €) > 0, the above equation implies (i).

For the proof of (ii), totally differentiating Wy /0ty = 0 and OWg /0ty = 0 and rewriting them in a matrix form gives

02 Wy 0? Wy dtg 9?2 Wy

8t§H Otyotr aB | | otgop
PWg *Wp dtp | T | _0®We
Otpoty 8t%‘ dg otpdp

Applying Cramer’s rule, we get

<_ 82WH> 2w\ ( Wy ) (_ 62WF> 2wy (_ BQWF> _ <_ BQWH> <82wF>
dtg oty 0B at2, Dty oty ot 0p dt ot2, otr0p 0t op ) \Otpty

ag - A ©ag A ’

2 2 2 2
where A = (aa:g” ) (a agF ) - ( 82;;& > ( 82];?;5{ ) > 0 follows from the stability condition. It is easy to check that

PWu _ (2+Q(tn,tr) <0 PWr _ (2+8)Q(tr,tr) >0
Oty 0P s+1+eé T 9tpdp s+1+eé '

Substituting these expressions in d(;—g and % above, we find that

(<2+e>©(tH,tF)) ?Wp | 0°Wy <_<2+é>é(tH,tF)> ’Wy  O?Wp
dty s+1+é at% Ot Otr dtp s+1+é at% Ot Oty
ds A B V] A '

2/
O Wi < 0fori+#je{H,F} 0
J

?wW;
2 +8 ot

dtg dtp
It follows that b < 0 and b > 0 as long as 3

Proofs for Section C

C.1 Proof of Lemma C.1

Proof: (i) It immediately follows from noting that Q, i.e. the value of Q that solves (C.3) does not depend on 3.
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(i1) Totally differentiating (C.2) and (C.3) yields

Q_ s

dr P’(Q)(s +1+8)’
(le: -PQF dT ﬁ
where ¢ is P00
Q=%

evaluated at Q = Q. From Assumption 1’ it follows that ¢ > —1, which in turn implies that s + 1 + ¢ > 0. The claim directly
follows from noting that P’(Q) < 0 and s+B(1+¢) >0.

(iii) We have that & =
get

=(1-p) HLT + Bc Differentiating the above expression with respect to 7 and rearranging we

dR B 1+77(1—ﬁ)15 sc(l+7)
e i (R <(s+1+é)15 1)'

sc(l47) .
+1+ < 1 and thus ritoP < 1, which

implies the result. |

In equilibrium ¢(1 + 7) < P must hold. Furthermore, if 1 4+ ¢ > 0, we have that

Proofs for Section E

E.1 Proof of Lemma E.1

s(1+p8)+e
PH1-SGriro

In this proof, we first show that the modified ratio of bargaining power between Home and Foreign firms, B = i3 ,

is strictly increasing in 3. Using this result, we next detail proofs of Lemma E.1.
Rewrite B as
(1+B)s(s+ ) -

B= s rite

Since s(s + 1 + €)(> 0) is independent of 3, sgn4Z = sgnd8 where B = Wis“)_e Differentiating B with respect to 8
ds ds 1-p
gives
dB  2s(s+e€)—¢

s (1-p)?
Since the numerator in the right-hand side of the above equation is increasing in s, it suffices for the desired result to show

B
that E (1 6)2 > 0.

Next, we turn to proofs of Lemma E.1:

(i) Since 9Q _ 0QdB and dB

95 — 0B dp > 0, sgn aQ = sgn Substltutmg (E.3) into (E.2) and rewriting it, we get

sBP(Q)+ (1+ B)P'(Q)Q — sB(c+t) = 0.

Differentiating this equation with respect to B gives

0Q _ Q

OB B[l+e+B(s+1+¢)]’

0P _ 50Q _ P'(Q)Q
ﬁ_P(Q)ﬁ_B[l-‘rE-ﬁ-B(S-‘rlﬂ-G)]’
o P(Q) 1 1

0B B(1+B)|s 1+e+B(s+1l+te)

Then, the result follows from noting that B > 0, P/(Q) < 0, and 1 + ¢ > 0.
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(i1) Differentiating (E.2) and (E.3) with respect to ¢ gives

2Q _ E o W_l{p@ﬁQ+B}
ot [(s+1)P'(@Q+P(QQ| 0t ot 1+B

Solving for 99 and % from the above expressions, we get

ot
99 _ sB
ot P(Q)(1+e+B(s+1+¢)
opr ~. 00 sB
— =P(Q)= =
ot (Q)at l+e+B(s+1+¢)’
oF (s+14+¢B

ot l1+e+B(s+1+e)

As in (i), the claim directly follows from noting that B > 0, P’ (Q) <0,and 1+ ¢ > 0. O

E.2 Proof of Proposition E.1

First, we derive the optimal tariff. Differentiating Wy with respect to ¢ gives

AWy
dt

sB
P (Q)(1+e+B(s+1+¢)

:Q{ —B+4+1+4¢ }+

1+e+B(s+1+¢)

t=t(8)

Setting d‘fiv—f = 0 and simplifying, we have (E.4).

|t:t(ﬁ )
Next, we turn to the properties of the optimal tariff:
() Given P'(Q) < 0, it immediately follows from (E.4) that

> < < 3AB
tZ0 < BIl+e <= 367,
where the last relationship comes from the proof of Proposition E.1.
(i1) Note (‘1% = (% ?Tg' We have already shown that ‘31—]; > 0, which means that sgng—/g = sgn(%. Total differentiation of
(E.4) with respect to B gives
it P(Q)Q dQ B
_—=— 1 -B)——=-1|(1 . E.5
B s (WP Bggg 0o (£:5)
Moreover, from (E.1) and (E.2), we get
Q_ s & & _P@Q(Q, @, B & 06
dB  P'(Q)(s+1+4¢dB’ dB 1+B \dB sB P/(Q)dB )’ '

Substituting (E.6) into (E.5) and evaluating ¢ = ¢(3), we get:

. _ (1+e)(s+2+¢€) s
B~ {532[(1+€)(2+6)+SB]}P (@@ ©.7)

The result follows from noting that 1 +¢ > 0,s+2+¢ > 0, B > 0, and P’(Q) < 0. O
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