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A Closed-Economy Model: Details on Derivations

A.1 Equilibrium

Given the CES assumptions built into our framework and the lack of strategic interactions, firms in both

sectors charge a constant markup over their marginal cost, which delivers
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where P" is the price index of intermediate inputs associated with Q“, or
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Firms make zero profits due to free entry, which pins down firm size according to:
4 =(0-1)f", 2t = (o —1)f% (A.3)

Naturally, in equilibrium we must have 2% = ¢? and z* = M9%g". The total measure of firms in the economy

can be determined as follows. First, note that from the household’s demand for downstream goods we have

Miptq? = wL, (A.4)
which plugging in (A.2) and (A.3) delivers
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Next, note that labor-market clearing imposes
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Plugging in equations (A.3) and (A.4), we can solve for the total measure of firms in the upstream sector:

ae = U8 (A7)
Then, equations (A.5) and (6) determine the measure of firms in the downstream sector:
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Finally, aggregate welfare is simply given by U = (Md) 7T q?%, where M? is given in (7)and ¢¢ = 2% in (A.3).



When a — 1, we obtain
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which is the standard formula in Krugman (1980).1 Welfare is increasing in market size with an elasticity
equal to —Z5 > 1, reflecting the variety gains associated with living in an economy that provides a larger
number of final-good varieties.

Relative to this “Krugman” benchmark, in the presence of an active upstream sector (i.e., & < 1), our
model continues to feature scale effects, and in fact the elasticity of welfare to market size is larger than in

the model with only a final-good sector. To see this, we can write welfare as
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where &, is a function of only a and . Note that z_f‘ll > 1, and thus this framework features larger scale

effects than our model without an input sector.
To gain a better understanding of the role of imperfect competition and increasing returns to scale on
welfare in our closed economy, we next turn to characterizing the social optimum in our model, and explore

conditions under which the above market equilibrium is efficient.

A.2 Social Planner Problem

The social planner maximizes the objective in (1), choosing M9, M*, ¢4 ¢* z? and x* subject to feasibility,

or:
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Working with the first-order conditions of this problem, we find that
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in the upstream sector, and
(z9)" = (o —1)f4 (A.12)

LA small and immaterial point of departure from Krugman (1980) is the fact that we have modeled the productivity
terms A% and A" as shaping both the marginal and fixed costs of production. As a result, firm size is independent of
these productivity parameters, but these parameters affect welfare directly.



and

(1—a)8

(M) = (Z:;)a (9 k a)() if (GRS N (W) Ty (A.13)

in the downstream sector. Comparing equations (A.10)-(A.13) to the corresponding ones in the market

equilibrium, we conclude that:?

Proposition 1. In the decentralized equilibrium, firm-level output is at its socially optimal level in both
sectors, but the market equilibrium features too little entry into both the downstream and upstream sectors
unless a = 1 (so the upstream sector is shut down) or & = 0 (so the downstream sector does not use labor

directly in production).

Why is the market equilibrium typically inefficient? At first glance, it may appear that the only source
of inefficiency is the markup charged by upstream producers, which distorts the choice between labor and
the bundle of input varieties for downstream firms. More specifically, this upstream markup makes inputs
relatively more expensive and, in response, downstream firms substitute towards labor. At the same time,
that markup also incentivizes entry upstream, which generates a variety-productivity effect downstream. To
disentangle these two opposing forces, it is useful to compare the market allocation of labor to the social
planner’s optimal allocation.

Combining equations (2), (A.3), and (A.7), the aggregate decentralized market allocation of labor to the
upstream sector is given by

MU =(1-a)L,

while from equations (A.10) and (A.11), the social planner would allocate a share of labor to that sector

equal to

Thus, the market equilibrium is inefficient, in the sense that it allocates too little labor to the upstream
sector. It might seem intuitive that this inefficiency is associated with upstream markups leading to a
double-marginalization inefficiency. However, note that the market allocation of labor to the upstream sector
is actually independent of the degree of input substitutability (#), and thus, of the level of upstream markups.
In other words, lower input substitutability — and thus higher markups — do not depress the market allocation
of labor to the upstream sector; instead, they increase the social-welfare maximizing allocation of labor to
that sector. This fact does not necessarily rule out the relevance of a double marginalization inefficiency, but
it does suggest that the market inefficiency may alternatively be interpreted as reflecting that, in the market
equilibrium, upstream firms do not internalize the fact that their entry generates positive spillovers for firms
in the downstream sector, with the size of this spillover decreasing in the degree of input substitutability 6.3

When a = 1 or a = 0, all labor is allocated to either the downstream sector (when o = 1) or to the
upstream sector (when a = 0), and because firm-level output is always efficient, there is no scope for a market

inefficiency in those two cases.
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“Notice that for § > 1, (g_;i)a (%) =1 > 1, with equality when « is either 0 or 1.
3This can be verified from the fourth constraint of the social planner problem above, which indicates that
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A.3 Optimal Policy

Suppose we endow a government with the ability to provide subsidies (or charge taxes) on the purchases of
final goods or intermediate inputs. Denote these taxes by s? and s* in the downstream and upstream sectors,
respectively. We assume that subsidy proceeds are extracted from households (or tax revenue is rebated to
households) in a lump-sum manner.

Once we introduce taxes, price indexes become:
PU = (MY (1= st)pr,  PL= (MY)T (1— 59
and household disposable income becomes,
I =wL — M4%pdzd — MUstptat.

It is straightforward to show that taxes and subsidies do not alter the equilibrium firm size, which is still
pinned down by free entry at the (efficient) levels given in (A.3). Turning to the determination of the measure
of firms in each sector, we first invoke households’ demand for downstream goods combined with goods-market

clearing and household total income to obtain
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Next, labor market clearing ensures that equation (A.6) still holds. The equilibrium measure of firms, given

subsidies s and s, is then:
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Notice that downstream subsidies s¢ have no impact on the market allocation. Because they are a redundant

instrument, we can safely set them to 0. From the above expressions, it is then clear that:

Proposition 2. The social planner can restore efficiency in the market equilibrium by subsidizing upstream

production at a rate (s*)" = 1/6.

Notice that the subsidy corresponds to the reciprocal of the elasticity of substitution across inputs. As a
result, this subsidy encourages the entry of upstream suppliers especially when the inputs they produce are
relatively less substitutable. There are two potential (and non-exclusive) explanations for this result. First,
the lower is 6, the larger is the market power of and thus the markup charged by input suppliers, and thus
the larger the subsidy required to undo this double marginalization inefficiency. Second, the lower is 6, the
larger are the variety gains associated with upstream entry on the productivity of downstream firms, so to
the extent that those gains are not internalized by input suppliers, again the larger is the required subsidy

upstream.

A.4 Double Marginalization versus External Effects

We next dig a little bit deeper into the source of the market inefficiency. More specifically, we show that

our vertical Krugman economy is isomorphic to a competitive vertical economy with external economies of



scale. In this variant of our model, it is clear that the market inefficiency is due only to upstream suppliers
failing to internalize the positive productivity effects of their entry on downstream firms (since there are no
markups), and an upstream subsidy is again sufficient to restore efficiency.

The vertical economy with external economies of scale features consumers that spend their income on a
single homogeneous final good. On the production side, this final good is produced combining labor and a
homogeneous intermediate input, which is in turn produced with labor. The homogeneous intermediate input

and final good are produced according to the technologies
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where L* and L¢ are the aggregate allocations of labor to the upstream and downstream sector, Q" is total
production upstream, and 4% and v* measure the magnitude of external economies of scale.

Individual firms are symmetric, competitive, and infinitesimal, so they take the aggregates as given and

price at marginal cost. The resulting prices for the upstream and downstream sector are given by
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Invoking P4Q% = wL, Q* = A* (L*)'*" and Q¢ = A4 ((Ld) (Q“)l_a) ! , it is straightforward to

infer that the equilibrium allocation of labor across sectors is given by

pu (Lu) -

and

L=(1—-a)L, and L%=alL,

just as in our “Krugman” vertical economy with internal economies of scale. In addition, one can also show
that whenever 7 = 1/ (6 — 1) and ¢ = 1/ (¢ — 1), with an appropriate choice of the technological parameters
A% and A", the equilibria of the two models are fully isomorphic, not just in terms of the allocation of labor
across sectors, but also in terms of prices and welfare.

As in the case of internal economies of scale, this market equilibrium can easily be shown to be inefficient.

In particular, setting up the planner problem,
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it is straightforward to see that this delivers
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Clearly, the market equilibrium features too little labor allocated to the upstream sector whenever v* > 0 and
0 < a < 1. Finally, one can also verify that an upstream subsidy equal to (s%)* = v%/ (1 + ) is sufficient
to restore efficiency. While it is perhaps surprising that the planner need not make any correction for the



external economies in the downstream sector, this result is due to the fact that all of that sector’s output is
sold to consumers. By contrast, the fact that inputs are all sold to firms means that their under provision
requires a subsidy so that it does not distort final-good producers’ purchases of inputs versus labor.

In sum, we have shown that a model with external economies of scales is isomorphic to our model with
internal economies of scale as long as v = 1/ (6 — 1), and that the rationale for the use of upstream subsidies
to restore efficiency can be tied to a love-for-variety productivity effect, rather than it being necessarily driven

by a double marginalization inefficiency.

A.5 Extensions

In this Appendix, we briefly develop two extensions of our closed-economy model, both featuring a more

complex input sector.

I. Roundabout Production Upstream

We first allow the upstream sector to use not only labor in production, but also the same bundle of inputs
Q" used in the final-good sector. More specifically, and focusing on the isomorphic economy with perfect

competition, homogeneous goods, and external economies of scale developed in Section A.4, we now assume
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where (8 governs the labor intensity of production upstream. It is clear from the second of these expressions

that firms in the downstream sector will spend a fraction of its costs on the upstream sector, or
PUq* = (1 — a) P42
Noting that, due to symmetry, z* = Q* and z¢ = Q%, and that the decentralized market prices for the
downstream sector is given by
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Invoking P?Q? = wL and Q% = A¢ ((Ld) (Q“)1 ) we thus obtain
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from which it is immediate that
L*=(1—-a)L, and L%=alL,

just as in our baseline model



We next consider the planner problem,
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Noting that the second constraint can be written as
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it then becomes clear that this program is identical to the one in our baseline model, except for the fact that
the scale elasticity upstream is now not given by %, but by 4* > ~* (the program also features a rescaled
upstream productivity, but that is immaterial). Note that the gap between 4% and * is decreasing in £.
Analogously to equation (A.15), the socially optimal allocation of labor is given by
« 1444 1
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Clearly, the market equilibrium features too little labor allocated to the upstream sector whenever v* > 0
and 0 < a < 1, just as in our baseline model, but the inefficiency is now decreasing in 8. Finally, one can
also verify that an upstream subsidy equal to (s*)" = 5%/ (1 + 4“) is sufficient to restore efficiency. Because

A% > 4", this subsidy is now higher than in our baseline model, and it is decreasing in .

I1. Multi-Stage Production

We next develop a multi-stage extension of the model. We begin with a simple three-stage production process

with a downstream sector, a midstream sector, and an upstream sector. The technologies are given by
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Using the fact that, in a decentralized equilibrium, we have
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we immediately obtain
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Now consider the planner problem

which delivers
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Notice that the gap between the socially optimal and the market allocation of labor is higher the more

upstream the stage. Does that mean that subsidies are higher, the more upstream a sector? To answer this



question, consider the following key conditions identify a market equilibrium with subsidies:
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We thus have that the subsidies s™ and s“ need to satisfy
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and

5((1:072) _ 14~m B(1—a)
I+ 2 (l—a)+ 20 (1 —a) at(@-a)(1+y")(B+1-B)1+79") ’

which delivers "
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As is clear from this expression, subsidies in all sectors producing inputs are positive, but notice that subsidies
are higher upstream relative to midstream only if v* > ~™, i.e., only if the scale elasticity is higher upstream
than midstream. This contrasts with the results of Liu (2019), who finds that optimal subsidies should
necessarily be higher, the more upstream the sector. The reason is that, unlike in Liu’s work, we solve for
first-best subsidy policy: when the government can only set subsidies in one sector, the size of the subsidy
would be higher, the more upstream the sector, because as we have seen above, the gap between the social
optimal and market allocation of labor is highest in the upstream sector.
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B Open Economy Model: Details on Derivations

B.1 Open Economy Equilibrium with Internal Economies of Scale

In this Appendix, we outline the equilibrium conditions corresponding to the two-country model featuring
internal scale economies, product differentiation and monopolistic competition outlined in Section 3.1. We
will then work with these equations in Appendix to demonstrate the isomorphism claimed in Proposition 3.

Import tariffs on the downstream sector create a wedge between consumer prices in country ¢ and producer
prices in country j. More specifically, given CES preferences, consumer prices in ¢ for goods originating in j

are given by:

w 11—« d
d a0 al (%‘)O‘ b L+t7 4
L= (1) —— (L = B.1
Pji = ( +l)a—17— A;l e 11—« l—v;lp” (B-1)
Similarly, import tariffs on the upstream sector create a wedge between the price paid by final-good producers
in ¢ for inputs from j, and the producer price for those inputs obtained by suppliers in country j. In particular,
we have
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In equation (B.1), the price index P! is given by

?

pr=| 3 ()T, (B.3)

JE{H,F}

with
b=

u Mju o 1-6
Pl = /0 (0 (@) dw] : (B.4)

When setting j = i, the above pricing equations also characterize domestic prices in country j after setting
td =t =vd =¥ =0 and 7¢ = 7% = 1. Note that p, = p¢ and pl = p%.
Next, utility maximization implies that when consuming country j varieties, consumers in ¢ allocate to

each variety w a share of spending equal to
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of their total spending on country j varieties, where
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Consumers’ (aggregate) spending on Home and Foreign varieties is in turn determined by
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where Pid is the aggregate consumer price index in ¢

S DI B3

JE{H,F}

and R; is tariff revenue, which we have defined in equation (12).
We now turn to profit maximization by downstream producers in country i. First note that free entry
implies that firm revenue (net of tariffs) will equal total costs, and that a share of those costs will go to pay

labor. As a result, labor compensation by each final-good producer in ¢ is given by

1—od
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Next, when purchasing inputs from upstream producers in country j, final-good producers in country ¢, will

demand an amount of each variety w from country j equal to
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while aggregate spending on all country j’s input varieties is given by
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Aggregate spending on Home and Foreign intermediate inputs in country ¢ is then given by

1 -
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Our final set of equilibrium conditions impose market clearing. First, labor-market clearing in both
countries implies that
Li = M{¢ + Mpey, (B.12)

where /¢ is given in (B.9), and (% = (f* + z¥) JA®.* Second, goods-market clearing imposes
@ + i, = ¢ (B.13)
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Note that free entry upstream and downstream implies that firm revenue is equal to total costs, which
delivers

W=Dl at=0-1)f (B.15)

for i = {H, F'}. Firm-level production levels are thus independent of tariff choices, and the only way in which

tariffs can affect the allocation of labor across sectors is by changing the measure of firms in each of the two

4Naturally, equilibrium also requires trade balance, but this is ensured by the other equilibrium conditions outlined
in this section.
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sectors. As a result, optimal trade policies will seek to achieve a social-welfare maximizing allocation of labor
across sectors, with no concern for the allocation of labor within sectors (across fixed costs of entry versus
marginal costs of production).

Despite the simple structure of the model and relatively simple equilibrium conditions, an analysis of how
the market equilibrium is affected by input and final-good tariffs set by the Home country is complex, so we
begin by considering the special case in which downstream production only uses inputs (and no labor) in

production, or a = 0.

B.2 Equilibrium of Isomorphic Competitive Economy with External Economies
of Scale

In this Appendix we prove the isomorphism claimed in Proposition 3. More specifically, our goal is to show
that equilibrium conditions of the decentralized equilibrium of the two-country model in Section 3.1 featuring
internal scale economies, product differentiation and monopolistic competition can be reduced to a set of
equations identical to equations (16) through (23) applying to the competitive model with external economies

of scale developed in this section.

Preferences We begin by noting that given symmetry in final-good production, we can express preferences

as
M(i
- )]
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where
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Starting from (11), we have thus derived (13), which are preferences in the isomorphic economy with two

final goods (a Home one and a Foreign one) and external economies of scale.

Labor-Market Clearing Next, remember that /¢ and (% are the firm-level amounts of labor used

downstream and upstream to cover fixed and variable costs. Hence, defining

L¢ = M&d, LY = MMy, (B.17)

(B

we have that equation (B.12) in the monopolistic competition model implies equation (16) in the external
economies model, or
L; = M&¢ + Mey = LY + LS.

Upstream Market Clearing and Upstream Endogenous Productivity Next let us define

b= ME(MNTT gl QY = MY (M) gl (B.18)

)

14



Given these definitions in (B.18), and given the definition of the input aggregate Q¥ (w) in the monopolistic
competition model, that is

M 01 o
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we have that the total usage of inputs by firms in country 7 is given by
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and thus is analogous to a CES aggregator of only two inputs: a Home and a Foreign one, as defined in
equation (B.18). These inputs are either produced domestically or are imported.
Now consider the domestic production of those inputs. Let us start from the definition of upstream

technology in the monopolistic competition model, that is
i+l (w) = A (w), we0,M}], ie{H, F}.

Imposing symmetry and firm-level output in equation (B.15) — i.e., ¥ = (6 — 1) f* —, and invoking the
definition of L} in (B.17), we have
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and
V=1/(0-1).

Because this domestic production X}* is sold domestically or exported, we have
_ L
ALIHTT = Qi+ Qs

K

which corresponds exactly to equation (17) in the external economies model.

Downstream Market Clearing and Downstream Endogenous Productivity We can pro-

ceed analogously for final-good production. We begin with the definition of technology in the downstream

15



sector in the monopolistic competition model:
fltal(w) = Al w)Qiw)!'™  welo,M], aecl0,1], iec{HF}

Imposing symmetry and (B.15), we obtain
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This aggregate output X¢ is sold domestically or exported, and thus

d
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’yd =1/(c—-1).

In sum, starting from the monopolistic competition model, we have derived equation (17) in the external

economies model.

Trade Balance Consider next the trade balance condition. Starting from the monopolistic competition

economy, we have
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which equates the import revenue in ¢ paid to exporters in j with export revenue collected from j by producers
in 4.

Now from equations (B.5) and (B.6), notice that we have
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Similarly, for inputs
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This implies that we can write total imports in the trade balance condition (B.22) as

d
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which corresponds to the left-hand-side of the trade balance condition (19) for the economy with external
economies of scale after noting that dei and Pﬁ- are the prices collected by country j (or Foreign) exporters
(not those paid by domestic or country i consumers).
Now consider revenue from exporting final goods. Notice that, regardless of whether the Foreign
government imposes import tariffs or not, we have that export revenue is
RN

ﬁy.
M2 ij
T o 1% T

MM g

Prices paid by country j are pf;/ (1 — vf) and ¥/ (1 — v}*), so following analogous steps, the right-hand-

side of (19) becomes

pd pu _ _

(] d vJ u _ pdnd U YU

—d Qi T Qi = Py + P,
[ [

1

where ]5% and }5;; are the prices paid by country j (or Foreign) importers (not those paid collected by country
i exporters).

Note: In the main text, we denote I:’fi, ]5;-;, ]5{;’-, and ]517; as simply Pfi, P, P{;’-, and F;;. We do so not to
clutter the notation, but these are distinct from the price indices applying to the monopolistic competition

model, which are always built based on prices paid by consumers, regardless of their country.

Optimality Conditions We have so far shown that the four ‘resource’ constraints (16) through (19) of
our isomorphic economy can be derived from our baseline model with monopolistic competition and internal
economies of scale. We next turn to an analogous derivation for the optimality conditions (20) through (23).

Given our functional forms for utility and technology, these optimality conditions in the model with

external economies of scale are given by

jt

ANy 2
( ) = arepy PP

6(1 1 —

N NS Q1) (1— v Py
(1) A (1Y) << 5 4 (QY) ) _ 0L (B.og)

] i (gu)™ + (@)™ 1P
(1-a) Ay 9(‘?5’)(9 = - ot (B.27)

u( Z)T_A'_ ;Lz 9 i
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Optimal in Final-Good Consumption Let us begin with the first one, equating the marginal rate of
substitution in final-good consumption to relative prices. Given equation (B.7) in the model with monopolistic

AN
o \ri)

where Q%,, Q4 dei and P]% are defined in (B.18) and (B.23). Thus, we have

Jir i
1 _
i ”_Pﬁ_(l—vf) g
@) TR

where P = (1 - vid) Pg because of the indifference between selling domestically or exporting to country j

competition, we have

(remember that, in the external economies of scale model, Pg is the price paid by consumers in j for final
goods from 7). We have thus derived equation (B.24), which corresponds to (20) in the external economies of

scale model.

Optimal in Input Consumption The derivation of equation (B.25), equating the marginal rate of
substitution in input consumption to relative prices, is completely analogous. In particular, from equation

(B.10) in the model with monopolistic competition, we have

—0
i ( Pﬁ)
Q;'Ji Pjui
4, Pji and Pj; are defined in (B.18) and (B.23). Thus, we have

u
jir Qi
1 _
(7 3 U _ nu U
( u‘) By (A—v) By

Qi) T RE T Py

where Q

i

where P} = (1 — vf) 15;} because of the indifference between selling domestically or exporting to country j
(remember that, in the external economies of scale model, P;; is the price paid by consumers in j for final
goods from j). We have thus derived equation (B.25), which corresponds to (21) in the external economies of

scale model.

Optimality Domestic Input Allocation We next move to the third optimality condition (22), which
equates the benefits of exporting domestic intermediate inputs with the benefits of using those additional
domestic inputs to produce an additional amount of the final good that is in turn exported.

We begin with equation (B.11), and note that aggregate input use in country ¢ in the monopolistic

competition model is given by

U YU ~ 1- Uid ~
PQ¢=(1-a) (p%qgi +7 dp?jqu> M. (B.28)
+

d
To reiterate this, note from (B.2) that %jﬁfj = 79pd, and plugging in equation (B.13), we obtain
i

PrQY = (1—a)pf; (¢ + %) M = (1 — o) plai M. (B.29)
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Next invoke equation (B.10) applied to PZQ? to obtain (after plugging in (B.28)):
puy 01
rar=rias(1h) (B.30)

Combining (B.29) and (B.30), we obtain:

puy 01
1-— dxd M = prQY [ =2
( Oé) pllzl K3 kX3 kX3 <PZu> k)
which we decompose as
0—1
=1 _o pPv
(1= ) x (3) 7 ot (017 af = ot () (B.31)

Now remember from equation (B.21) derived above that
o\ 1l—a7] =1
-z - « « -1 o—1\ 0-1
oy ot = |ty (2" (1007 + @) ) |

=1
and also from (B.23) that (M{)"~" pf, = P2, so we can write (B.31) as

0(1—a)

A N = RS = S e | L (P!
Pg(]—_a)A?(L{ii) (( i) ° +( ji) 9) QZ:PM<PZ> .

u puy
Q?(H“) ’

0—1 0—1

)
R a N uy St 6—1 1 o Z I
Pia-a) i) (@ @) T ge=r () T

which given the definition of Q¥ in (B.1) delivers

Now invoke (B.10)

to obtain

A o o1 o1\ T u) S
P -0 at 1) (@0 + @) T) T Gt
(QE) T +(QY)°

The final step is to note, as we did above, that indifference between selling domestically and exporting,

delivers P = (1 — o) }53 and P = (1 —vf) P, where remember that }53 and ]5;; are the prices paid by

170
country j residents. In sum, we have derived equation (B.26), or

6(1— 0—1 —

e (it o S5 QT (1) Py
(- a2 (@) +@)T) T G -
( ) ( J) QY (QZ)OT"‘( ;Ll)T (I—Ufl) Pi‘j-

Optimal Labor Market Allocation We finally tackle the fourth optimality condition, associated
with the optimal allocation of labor across sectors. We begin with the firm-level monopolistic competition
model, equating the wage paid in both sectors. Because of free entry, total revenue upstream must equal total

wage payments, while in the downstream sector, wage payments are a share « of total revenue, as indicated
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in equation (B.9), or

~d od o 1=vf =d d ~u A rd 1} Sy 3 rd
a (piiqii + 1+t;§ pijqij) i Mg + 1+t;@ pisMi g

Iz e

1—v

¢ sd d,d 1
Dy = 7pf; (and analogously
5

1;:;3 Py = TUpt), and plugging in

Now noting that from (B.2), we have

equations (B.13) and (B.14), we have

d .d U U
apdxf piat

ui _ Pui B.32
04 £} ( )

Next, invoke the price index definitions — see equation B.23) — as well as the definitions L¢ = M2¢¢ and
LY = MM, to write (B.32) as

x? Midﬁ u
apt )Tyl

Next, plugging (B.20) and (B.21), delivers

]
U\ G=T U
M) @
LY ’

K2

11—«
an ~ «@ o -1 6-1 % N
P A (n) ((L?) (@)™ + @)™) ) - PAY,

(3

where remember that A% and A% are defined in equations (14) and (15) in the main text.

The next step is to note, as we did above, that indifference between selling domestically and exporting,
delivers P = (1 —vf) P& and P4 = (1 —v{) P%, where remember that P and P are the prices paid by
country j residents, so we have

9 11—« —
g ~d d\ @ d\ & 9;1 u % T — Auwﬁ
LdAi (Lf) ((Lz) <( 57+ (Q5) ) ) =4 (1—v) P

(2

The final step is to plug optimality condition (B.26) and cancel terms to obtain

1 uy g
%:(I_Q)Agi ( “)

0— 19
2]

Q@)™ + (1)

which corresponds to the last optimality condition (B.26).

This completes the proof of the isomorphism claimed in Proposition 3.
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C Optimal Trade Policy for a Small Open Economy with No Do-

mestic Distortions: Derivations

C.1 First-Best Policies

We begin by characterizing the solution to the program

max U (Qfyy: Qfn)

st AYLp = Q% + QY
ALF QY g, Qby) = Qhy + Qe

PRyQby + PhyQty = Qb p(QYp) 7 Pip (Qbr) " + Qtp (QYr) ? Pip (QEp)?

=

where A%, and A% are given by
d

Al}{ = A?{ (Fd (Q%Hv Q%H))7

and

respectively. We also note that

U (Q%{H’ Qty)

I
7 N\
O

T
z
q
al
+
)
&
z
!
N——
1

and that
d u u u -1 u e A\
F(Qyu, Qrn) = ((QHH) T+ (QFm) ? ) ;
but this will prove immaterial for the derivations below.

We first write the Lagrangian of this problem

U Qs Q) + i | Ay (L)' = Qb = Qe | + pa [Aif (F* (@ Q)

- Qo Qe
s [ Qb (@) P (Qhr)” + Qi Qi)™ i (@) — PhyQby — P @]

The first order conditions associated with the choices of Q% 5, Q% y, Q% py QY% y, Q% g, and QY. are as

follows:
UQC}{H (QdHHdeFH) = Hd (C.1)
UQ%H (Q%Hy QdFH) = NTBPgH (C2)
pd = MTBUT_lngF (C.3)
e = pa (1447 AL (F Qb Qi) Fly Qi Qb)) (CA)
prpPy = pa (1+77) AY (F (Qtu, Q%H))Vd Fgu Qs QFn) (C.5)
oy = NTB%PﬁF (C.6)
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Dividing equation (25) by equation (C.2), and plugging in (C.3), we obtain:

UQEH (Qtli-IHvQ(Ii:‘H) UT—lng

UQ‘}DH (Q?{H’Q%H) B PgH 7

which corresponds to the first optimality condition (25) in the main text.

Next, we divide equation (C.4) by equation (C.5), and plugging in (C.6), delivers

ch}‘rw (Qtm: Qem) QE%P}‘IF

Fg, Qum Qbm)  Pin

which corresponds to the second optimality condition (26) in the main text.
Finally, combining equation (C.4) with the ratio of equations (C.3) and (C.6) produces
d\ Ad d u u v d u u 0;% PIT-lIF
(1 +7 )AH (F (QHHvQFH)) FQ“HH Q¥ QFr) = 573 pd
% YTHF

o

which corresponds to the third optimality condition (27) in the main text.

C.2 Generalizations

As demonstrated in the derivations in the above Appendix C.1, we have made no use of the properties of the
functions U (Q% 7, Q%) and F? (QY 4, Q% ). In particular, we could assume that

9H

U (@ @hn) = (@) 7+ (0h) 7 )

and that

6

FO QY Q) = ((Q%Hf’gf?l Q) ) ”*1,

with potentially oy # o and 0y # 6. It is clear from the derivations in Section 4.1 that the first-best trade
policies will continue to satisfy

1+t = (1499 (1+7T);

L+tY = 14T;

1—vd = ”;1(1+7d)(1+f);
—1 _

1—vf = 09 (1+7T).

The only significant difference in this case is that if we want to invoke our isomorphism to claim that these
policies also implement the first-best in the Krugman vertical economy with internal economies of scale, then
we necessarily need to impose v¢ = 1/ (0 — 1), and thus the level of the tariff escalation is closely related to
the degree of differentiation in the final-good sector. This is not particularly surprising, since love-for-variety

effects will be more powerful, the lower the degree of substitutability across final goods.
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C.3 Alternative First-Best Implementations

In this Appendix, we explore the structure of first-best policies when the set of available instruments includes
domestic production subsidies, domestic consumption subsidies, or domestic production/consumption subsidies

that only apply to domestic transactions.

C.3.1 Discriminatory Domestic Subsidies

We first consider the case in which the Home government has access to discriminatory domestic subsidies
5% and s%p that apply only to purchases of final goods and of intermediate inputs involving only Home
residents. The inclusion of these instruments alters the decentralized market equilibrium conditions (20), (21)
and (22) as follows:

UQd O Om) (1— syp) (1—vf) Piip
t (o O ) (L) Py

. Qi Qb)) (1 st (1—v%) Py

o Qs Qi) ) (5 ty) Py

A?{Fg“ Ry Qry) = (1—sun) (1 —v) PIILLIF.
o (1= o) Pir

Comparing these equations to those characterizing the optimal allocations, that is equations (25), (26), and
(27), it is clear that the first-best can be achieved by setting

1+t (1-shy) = Q1+ (Q+1);
1+t = 1+T;
-1 -
1—vh = "0 (1+74) (1+T);
0—1 .

These equations illustrate that a downstream discriminatory subsidy is a perfect substitute for the downstream
import tariff (only the product (1 + t%,) (1 — 5% H) matters), while an upstream discriminatory subsidy
is a perfect substitute for the upstream export tax (only the product (1 —s% ) (1 —v},) matters). A
straightforward implication of this result is that, whenever 1+~ = ¢/ (o — 1), as imposed by our isomorphism,
the first-best can be attained by setting (1 +t4;) (1 — s4) =0/ (0 — 1) and (1 — s ) (1 —v¥) = (0 — 1) /6.
Thus, the first-best can be achieved with only discriminatory subsidies, or with a combination of a subsidy in
one sector and a trade instrument in the other sector. When only domestic instruments are used, we necessarily
have s¢;,; = 1/0 and s%; = 1/6. Whether or not the resulting first-best policies entail tariff escalation
depends on the level of the downstream domestic subsidy, since (1+t%) /(1 +t%) = (1+~%) /(1 = s45)-

C.3.2 Production Subsidies

We next consider the case of production subsidies s‘fq and s%; that apply to Home production of final goods

and intermediate inputs, regardless of where those goods are sold (domestically or exported). The inclusion
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of these instruments alters the decentralized market equilibrium conditions (20), (21) and (22) as follows:

o Qbw Qfn)  (1—0f) PR
UQ‘i Qi Q) (1+1%) ?
o @l Q) (1) fir.
L Qi Qpp) (L +t5) Ppy
_ P
A4 FS, | Qi Qbn) = (b%)ﬁ_ﬁfi .
H

Comparing these equations to those characterizing the optimal allocations, that is equations (25), (26), and
(27), it is clear that the first-best can be achieved by setting

1+t = (1-s4) Q1+ (Q1+71);
1+t = 1+T;

Toofy = T (L) (1 o) (14 7);
1oy = D).

Notice that, as long as s¢, > 0, the set of first-best policies will entail this subsidy and at least two additional

trade instruments. For instance, when setting 5‘}{ =~/ (1 + vd), the first-best can be achieved with this

production subsidy and two export taxes (1 — v = (0 — 1) /o and 1 — v = (§ — 1) /6), while setting all

import tariffs to zero. Alternatively, when setting s& = (1 +7%) /% = (0 — 1) /6, the first-best can be

achieved with this production subsidy and two import tariffs (t4 = 1/ (o0 — 1) and t% =1/ (0 — 1)).
Regardless of the actual implementation, the tariff escalation wedge is given by:

1+t
1+tY

f(lsz)(lJr’y)

C.3.3 Consumption Subsidies

We finally consider the case of consumption subsidies sjlq and s%; that apply to Home consumption of final
goods and of intermediate inputs, regardless of where those goods are purchased (domestically or imported).
The inclusion of these instruments alters the decentralized market equilibrium conditions (20), (21) and (22)

as follows:

L (Qhm Q)
UQd (QHHvQF )
FQ“ (QHHaQF )

L )

H’QFH

Af FQ“ Q¥ Qry) = (1*571)(7

These equations are completely analogous to those applying to the case of production subsidies, with s%

replacing s?{, so the conclusions that arise from it are also analogous.
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C.4 Second-Best Import Tariffs

In this Appendix we characterize the second-best import tariffs when the government only has access to
import tariffs upstream and downstream.

A. Second-Best Import Tariffs with Scale Economies

As mentioned in the main text, the second-best optimal allocation will seek to solve the same problem laid
out in Section 4.1 expanded to include the additional constraint:

R Pd u *% P u
Al gy, (Qrap Qi) = i~ Qhne) 7 Pir (@)
HF  (QYp) "7 Py (Q%p)

Q=] o=

More specifically, the planner problem is now

max U (Q%H’ Q(Ii«“H)

st A%WLy = QY + QY p
ALFY QY g, Qby) = Qb + Qe )
U u -1 ra U U -3 U U
PIU«EHQ%H + PpyQipy = ‘;IF( (;IF) “ng (Q%‘F) +Qr (Qup) ° Pip (QFr)

7l u u
Ad qu ( u 7C)u ): (Q¥r) o Prp(QFr)
G T Q) # P (@)

D=

Q] <

where A%, and A% are given by
d

Allii = Allii (Fd (qu—IHa Q%H))7

and

u

Apy = Ay (Lu)"

respectively.

We first write the Lagrangian of this problem

U (Q?{Hv Q(Ii?H) + fh {f_llﬁ (LH)HWH - Q% — QuHF] + la [/_1?{ (Fd (Q%H?Q%H))Hﬂd

- Qb — Qe
+urB [Q%F(Q?{F)fipgzr (Qtli?F) ; + Q% r (QZIF)_% Prp (Q%F)% — PEyQ%y — P;T‘LHQ%H]

(QYp) 7 Php (Qtp)
( ?{FV%P}%F (Q%F)

Q= =

+uss A(}{Fg}g,{ (Q¥rm, Qpw) —

The first order conditions associated with the choices of Q% ;, Q% , Q% py QYy, Q%py, and QY are as
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follows:

Ugs,  (Qtrw, Qb rr)
Uqs,, (Qfrw,QFp)

Hd

[t

prePrg

[t

Hd (C.7)
/JTBPgH (C-S)
oc—1 1 1 P
UTB Pfip — psB=— PZIF (C.9)
OWgr 'gr

Hd (1 + Vd) Afy (Fd (Qfrm, Q%H))V Ffé};H (Qfru: QFn)

-H«LSBA?{ (Fd (Q%HvQ%H))’Y F&H (Qum Qrm)

. ng;H QY QFy) nguHH,Q;;H (Qtrr, Q) (C.10)
FO (@ Qbr) Py, Qi Q)
B d
pa (14+4%) Ay (F* Qb Qb)) Fy,, (Qirars Q)
B d
+usp A (F4 (Q?IH?Q%'H))'Y Fé%H (Qfrrr, Q)
oatan, @l Qbn) Py, ap, (@hn Qhn) (C.11)
F Qb Qbr) — Foy, Qi Q) |
0—1 1 1 Pyp
s Plip + psp (6.12)
o ~HF 0 QY Pirp

In these derivations, note that we have used

9 (Asa (P4 (@, Qb)) Py %H,stm)

Q¥

and

0 (4 (P Q- Qb)) By, @i Q)

— A (P Qb Qi) Ey Qs Q)

JEFSy Qb Qbr)  Fou o, (Qm Q%HW

F QY Qfpr) Fé;m( Y Q)

X

9Qky

= A4 (FY(Q%u, Qtn))" Fou (Qtiy, Qbr)

Fou, Qb Qbn)  Fou ov, Qi Q%HW

o QFn
FUQyw QFw)

X
Fg)”HH (QuHHaQ%H)

From equations (C.7), (C.8), and (C.9), we obtain:

Ugt,, (@ Qbu) _ Piy ( o usp 11 P;;,F)
UQj{,H (Q%H’ QdFH) Php \o—1 pfa 0 —1Q% Py

Because in a competitive equilibrium with import tariffs we have

Ugs,, (Qn Qfn) P
Uor Q% Q) (1+1h) B (€13)
Q4 \Wrm WrH HF

26



we can establish that
psp 1 1 Pyp

1+t = : C.14
oc—1 Ld U_leHFPIU—lIF ( )
Also, note from equations (C.7) and (C.8), as well as (C.13), that
d
1404, = Bl (C.15)
Hd
In a competitive equilibrium with import tariffs, we also have that
d
FQ’;IH( fri Q) B Py p (C.16)
d u u - u u .
FQ;H( e Qb)) (L+1) Pog
Furthermore, the last constraint in the planner problem can be written as:
1 u u 74 u u Py
Ai*l{ (Fd (QHH7QFH)) Fé;m (Qtrm, Q) = ﬁ' (C.17)
Now combine equations (C.11), (C.15), (C.16), and (C.17) to obtain
d u u d u u
1+t g4ty 1SB dFQ};H Q¥ Qrr) FQ};H,Q;H Q¥ Qrn) (C.18)
[y v |\ F Qb Qi) Fdy Qi Q)

We next work with equations (C.10) and plug in (C.11) and (C.17) to obtain

FSu (Qrps Qfpr) P
Qun HH> ®FH HF
prePpy = lby + [LSB
Fg. ) Pip

Fdy ou Q. Qi) Foy gu (Qhy Qi)
(@ @ e Qi Qi) Fdy Qe Q)
And plugging p,, from equation (C.12), we get

F§ Qb QFr)  Fou ou (QhmQim)
HH’“HH

%Ql + Can®rn _
u qu u , u Fd“ u , u
UT B o HF QY (QHH QFH) QY (QHH QFH)
P - Fd u u
HsB PZIF Pu Chy (QHH’QFH) _6-1 Pu
HF FH [ HF

Fau (QinQin)

Invoking equation (C.16) we can simplify this last expression further to

d . d
11 n FQlIfIH’Q}i:‘H Q¥ QFr) B FQuHH’QuHH(Q%H’Q}H)
u d " ” ¥l — -
HUTB g 0 Qfp FQ%H(QHH,QFH) FQ;'IH(QHH’QFH)
s HE = T— (C.19)
HsB ) =

The three equations (C.14), (C.18), and (C.19) are sufficient to characterize the properties of second-best

import tariffs. In particular, these equations can be reduced to

o 1+t 0—-1 A
14+t4 = — {Htf ; (1+t‘}{)]0 (C.20)
H
1+ 4 a . [1+t 6-1 I\ B
= 1 - —— 1+t = C.21
L+t AR el G et (G.21)
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where

1 1 Py
A = o >0
0~ 1Q%4r P
o aFBy, @ Qba) | P&y, 0, Qi Qbn)
FUQ¥w QFpr) Fgu Qi Qbp)
c - 11 nguHH,Q;H (Qfn, Qen) B Fé;H,Q;{H (Qra Qrm)
Qe Fh Qb Qim) Fy Qi Qi)

Using

6
6—1

F Qb Q) = (Qir) ™ + Qb))

it is easy to verify that

u u u u 6-1
5o ety Qi Qtn) | Foy, op, Qi @n) < d+1) 1 (Qfrp) ° >0
- d u u d u u - u 6—1 0—1
FHQYyu: Qrn) FQ;H (Qru> Qrp) 0 HH (Q% ) 7 +(Q%g)
o - 11 Fggng,Q;H (Qtrw> Q¥ ) 3 qug%H,Q;}H Q¥ Qrpr) _ 1( 1 N 1 > S 0.
0Qur | Fl, Qb Qi) Fd Qi Qbn) 0\ Qi | Qir
Now note that, manipulating (C.20) and (C.21), we obtain
o 1+t4 6-1 A
1+tf = " 1+t%) | =
T U—1+{1+t}‘{ g (+th)| ¢
1+t4 g [T+t 6-1 41 B
= 1 ——— (1+t%)| =
1+t R e (L+1h)| &
Solving this system delivers
d
o 1= g + 22 %
1 +t3'l1 = —-11 B gii A
g —ctw e
and fod
0-1A _ 6-1 51 B
1+t (14++%) 1+5%°¢ -7 5ic
Ty, V7 11 014 _B
H g C_C

Noting that 1 +~% = =75 in our isomorphism, immediately implies

o
14+t > ——
i oc—1

and

1+t d o
>1+qt= 2
e T

This proves Proposition 6.
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B. Second-Best Import Tariffs with No Scale Economies

Given the above derivations, it is straightforward to prove Proposition 7. Simply set v¢ = 0 in the system
(C.20) and (C.21), and obtain

B, o—1A
and
O e Bl s e
1+t 1+%14_EB

d
From the second equation, is clear that ii{} > 1 if and only if 90%1% < 1, or o > 6. Furthermore, when
H

0 = o, we have
1rtd =14t8 =2 =

0
c—1 6-1
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D Optimal Trade Policy for a Small Open Economy with Domes-

tic Distortions: Derivations

D.1 First-Best Policies with an Upstream Production Subsidy

We begin by characterizing the solution to the program

o—1

wisx U (@ Q) = (@)™ + (@) ™)

st. LY+ LY =Ly
{1?1 (Ly) Ly = Q% + Qfp
Aty (F* (L Qs Qkn)) P (L Qb Q) = Qo + Qi

U u -1 T U u -2 U u
PiyQty + PipQby = Qb p(QYp) 7 Php (Qbr)” + Qe (Qr) ™ ° Php (Qbp)?,

=

where AY% and A% are given by

d

Al = A4 (F (LY, QY. Qby))”

and

u

AIIL{ = AIIL{ (LH)’Y )
respectively. We also note that

o—1

U QY Q%y) = <(QCIZJH) 7+ (Q%H)oal> .

and that
F (L Qs Q) = (L) (@Q1) ™ + @) ™)

but this will prove immaterial for the derivations below.
We first write the Lagrangian of this problem

U (Q(}{H’ Q%H) + UL [LH — Ly — L%I] + Hu {Alﬁ (LH)HW” - Qfn — Q?IF}
+pq [A?{ (Fd (chl{, Q¥ Q%H))Hw — Q% — Q(}{F]
+urs {Q%{F(Q%F)_%PgF (QdFF) : + Qur (Q%IF)_% Ppp (Q%F)% — PpQby — PTFLHQ%H} .

The first order conditions associated with the choices of Q% 5, Qky, Q% p, Q% gy Q%yy, Q% p, LY, and LY
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are as follows:

Ugs (Qfrm QFr) = 1a (D.1)
Ugs,, (Qhm, Qbr) = nrePiy (D.2)
i = prsl—tPi, (D3)

e = i (L4 2%) Ay (PO (L, Qi Q) e (L Qi Q) (D)

prePiy = (149 A% (F (LY, Qi Qb)) By (L Qi Qi) (D)

Hu = NTB%PﬁF (D.6)

pe = pu (149" A (L) (D.7)

e = pa (LAY Ay (P (LS Qi Qb)) Fly (L Qi Qb)) (D)

Dividing equation (D.1) by equation (D.2), and plugging in (D.3), we obtain:

UQ}‘{H (QtliiHvQ(Ii?H) UT_lpng

UQ%H (Q?{H’Q%H) - PgH ’

which corresponds to the first optimality condition (25) in the main text.

Next, we divide equation (D.4) by equation (D.5), and plugging in (D.6), delivers

d d —
Fgo (L4, Qfp Qbn) 1Py,

Fg. (L% Qb Qry) Py

which corresponds to the second optimality condition (26) in the main text.
Next, combining equation (D.4) with the ratio of equations (D.3) and (D.6) produces
dY fd (pd (7d v ad d % Piip
(L+~7) Ay (P (L%, Q> QFn)) Fau (Lo Qtr: QF ) = o1 pd

o

which corresponds to the third optimality condition (27) in the main text.

Finally, from equations (D.7) by equation (D.8), and plugging in (D.4), we obtain
Ffy (L Qi Qi) = (149") Aty (L) By (L. Qi Q)
which corresponds to equation (33) in the main text, after noting that A% (L H)'Yu = /I%I

D.2 First-Best Policies with Alternative Instruments

In this Appendix, we explore the structure of first-best policies when the set of available instruments includes
instruments other than domestic upstream production subsidies and trade taxes.

D.2.1 Discriminatory Domestic Subsidies

Consider first the case in which the Home government has access to discriminatory domestic subsidies 5%,

and s% 5 that apply only to purchases of final goods and of intermediate inputs involving only Home residents.
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The inclusion of these instruments alters the decentralized market equilibrium conditions (20), (21), (22),
and (23) as follows:

Uqs,, (Qfrr QFnr) = (1—shy) (L o) Py
Uga,, (QYu Q%) e (L+15) Pr’
Fgy (L Qb Qby) (1= sty L= vi) Pirp
o (L Qi Q) Tt Py
) 1—v%) Ph
1 .
Py (L Qi Qfn) = 7= A" (L) Fay,,, (L Qi Qi)

Comparing these equations to those characterizing the optimal allocations, that is equations (25), (26), (27),
and (33), it is clear that the first-best can be achieved by setting

(i) (=) = (49" (1 +T):
1+t = 14T
-1 _
L—vf = o= (149" (1+1);
01 .
(I—shy)(1—vg) = T(l‘f‘T);
1 0
1—s%,  6-1

These equations illustrate that a downstream discriminatory subsidy is a perfect substitute for the downstream
import tariff (only the product (1 + tji{) (1 — S%H) matters). By contrast, an export tax is no longer a
perfect substitute when v > 0, then the first best requires an upstream subsidy More specifically, because the

first-best calls for s¥;; = 1/6, we must necessarily have
- =1+t =1+T.

A straightforward implication of this result is that, whenever 1 +~¢ = o/ (o — 1), as imposed by our
isomorphism, the first-best can be attained by setting (14 t%) (1 - s%y) =0/ (0 —1), 1 —=s} 5 = (6 —1) /6,
and v, = v4 = t%, = 0. Thus, the first-best can be achieved with only two discriminatory subsidies, or with
a combination of an upstream subsidy and a downstream import tariff. When only domestic instruments
are used, we necessarily have s, = 1/0 and s%, = 1/0. If the downstream subsidy is not used, then
1+t% =1+~% and thus (1+t%) /(1 +t%) =14 7% as well.

D.2.2 Production Subsidies

We next consider the case in which the Home government uses a nondiscriminatory downstream production
subsidy sdH in addition to a nondiscriminatory upstream production subsidy, as in our baseline implementation.

The inclusion of this instrument does not affect the market equilibrium condition (23), while it alters the
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decentralized market equilibrium conditions (20), (21), (22) in a manner analogous to the case o = 0, that is:

(QHH’QFH) B (1—v%) P,

UQd Qb QFr) (1+1t%) Py’

L Qb Qbr) (11— wy) Py

Qb Q) (L+th) Py’
A F, Qi Q) = (11— sfy) W=t Dk
” (1—v) Pip

Comparing these equations to those characterizing the optimal allocations, that is equations (25), (26), and
(27), it is clear that the first-best can be achieved by setting

1+t = (1-s4) Q1+ (Q1+71);
1+t = 1+T;

Toofy = T (L) (1 o) (14 7);
1oy = D).

Notice that, as long as s¢, > 0, the set of first-best policies will entail this subsidy and at least two additional
trade instruments. For instance, when setting 5‘}{ =~/ (1 + vd), the first-best can be achieved with this
production subsidy, the upstream production subsidy at a level s¥ = 7"/ (14 ~*) and two export taxes
(1—v4 =(0c—1)/oand 1 —v% = (0 — 1) /), while setting all import tariffs to zero. Alternatively, when
setting 5% = (1 +7%) /% = (0 — 1) /0, the first-best can be achieved with this production subsidy and two
import tariffs (t4 =1/ (o0 — 1) and t% =1/ (0 — 1)).

Regardless of the actual implementation, the tariff escalation wedge is given by:

1+t
1+tY

(1_5H) (1+’Y)

When only upstream production subsidies and trade taxes are used, the first-best policies continues to feature
a tariff escalation wedge equal to 1 ++% = 0o/ (0 —1).

D.2.3 Consumption Subsidies

We finally consider the case of consumption subsidies s% and s% that apply to Home consumption of final
goods and intermediate inputs, regardless of where those goods are purchased (domestically or imported).
The inclusion of these instruments does not affect the market equilibrium condition (23), as long as s¥ is set

at s% = 1/6. Furthermore, the decentralized market equilibrium conditions (20), (21) and (22) become:

o Qi QFn) _ (1-of) Py
(QHHvQF ) (1—|—t§l[) PgH’
(HHuQF) _ (1—vf) Php
u, (@t Q) (L+1%) Pry’
1—v}y) Py
AYFGy Qi Q) = (1—5%)21_25;19?
H HF
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These equations are completely analogous to those applying to the case of production subsidies, with s%
replacing s, but note that we now necessarily have s% = 1/6. As a result, replacing 1 +~v% = o/ (0 — 1), we
obtain

0—-1

Lty = —5= (1477) (1+7);
1+t = 14T

1—o0d = 951@+Ty

1—vfy = %(1%—1_“).

In such a case, it is clear that the relative size of 1 + t‘}{ and 1+t depends on 00%1 (1 + ’yd) = %ﬁ, and

thus on the relative size of o and 6.

D.3 Second-Best Policies

In this Appendix we characterize the second-best import tariffs for the general case a > 0 when the government
only has access to import tariffs upstream and downstream. We first derive the key equations characterizing
tariff levels and tariff escalation, and we later explore special cases.

A. Second-Best Import Tariffs with Scale Economies: Key Equations

The second-best optimal allocation will seek to solve the same problem laid out in Section 4.1 expanded to
include the additional constraints:

R Pd Qu —% Pu u
A, Qi Qi) = it = el Phe (3Ee)
HF  (Qyp)” 7 Pep (QFF)

Q= =

and
Ffy (L%, Qg Qi) = A" (LY) FGy | (LY, Qbrn, Qn) -

Second-Best Planner Problem and First-Order Conditions More specifically, the planner

sets {L}L{,L}lp (]i-[HaQ(Ii?H7Q?{F7QuHH7Q%H7Q%F} to

o—1 1

wx U (@ @) = (@) ™ + @) )

st. L%+ LYy =Ly
Aty (L) Ly = Qy + Qi
Agp (P (L, Qb Qb)) F* (Liy Qi Q) = Qo + Qi
PRuQby + PiyQty = Qhp(Qhr) 7 Php (QFr)” + Q¥ (Q%IF)_% Py (Q%‘F)%

AdHFgu (Q%H7Q7}L’H) — (Q?IF)iéP;F(Q;‘F)%
HH

Q)7 Pio(Qhr)7
Fg% (L%Iv 1}1‘IH7Q11{3‘H) = Au (LTI{I) Fg;m (L?{’Q%IH,Q%H)
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where A% and A% are given by

d

and
Ay =A% (Ly)

respectively.
We first write the Lagrangian of this problem

U (@ @) + s [y (L5 = Qs = Q] + o | A (7 (L. Qbr Q) ™" = Qi — Q|
+uTB :Q?{F(Q?{FV%PI‘«ZF (Q%F) ¢ + Q% r (Q?IF)_% Pypp (Q%F)% - PyQfy — P;HQ%H]

(Qp) " Pip (Qhp
( ?{FV%P}%F (Q%F)

N
Q=] =

+iusp A‘;{ngH (L, Qfrm, Qo) —
[l (L Qi Qn)
| FGu (L Qi Qb

+uLc

) - Au (LUH)]

The first order conditions associated with the choices of Q% 5, Q% g, Q% p, Q% g, Q% gy, Q% p, LY, and LY

are as follows:

35



Ugs (Qfrm: QFr) = ta (D.9)

UQ%H (Q%IHaQ%H) = uTBPﬁH (D.IO)
o—1 1 1 Py
Hd = HTB i —HsB5d PI;F (D.11)
HF -~ HF
d
1 2l
po = pa(1+9%) A4 (F4()" Fde ()

tusp Ay (F0)" Fdy ()

o Fo, O Foy ey, )
YR TR, O
Py an, O Figy O Féy oy, 0
FC%”HH(.) 7F$1;IH(.) Fi. () ] (D.12)

Qi

+HLC

_ d
proPrg = pa(L+7) A% (F4()7 Fy ()
T, 0
Fd(.)
d . d (. d
Fraop, O Fig O Fgy op,
d a d
FE, () Fd, (O Fd, ()
0—1 1 1 P¢
u Py HE
H HTB ™ HFJFMSBGQ Pl
W) = eyt A (L) (D.15)
d
d )’Y ng[ ()

tuspAly (F ()" Fgy () x "

d
FQy au, ©)
FL ()

HH

()

+pLe (D.13)

(D.14)

pr = l‘u(l'i"Y) uH(
pr = pa(1++%) A4 (F
P

+NSBAH

()
R Rl 0+ R0

Fd Ld () FdeH () Fgu ()]

ANCI T o b

+thre (D.16)

In these derivations, note that we have used

(4 (0 0)" Py, )
Qi

A (F* ()" ()
ng}J{H () FC%HH’QQ;IH ()
TR Fd, ()

HH

X

and

0 ([1% (F1()" Fa, (-))

— A (FU) R, ()

Qg
Fé;‘H () FgHH Q ( )
X Vd F() + Fgu () .
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Useful Expressions with Our Functional Forms Remember that technology is given by

6(1—a
6-1 (9—1)
6

PO (L, Qi Q) = (L) (Qe) ™ + (@b ™ ) 7

and define .
(Qfw) ™
6—1

(Qu) T + Qi) T

u
THH

and

A u u 147
chjlr = AdH (Fd (QHHaQFH)) !

We next note that:

(L Q. Q)

Fo (LY Qirn: Qinr) =

LY
w u Fd<L(}{aQuHH’QuH) u
ng;m (L(JjﬁlaQHHvQFH) = (1-a) u - THH
HH
Y F4 (LY, Q. QF u
Fc%;H (L(IiinHHvQFH) = (1-q) ( = uHH FH) (I —7fm)
FH
w w Fd (L?{’Q%IH7Q%H)
Fg?aL?{ (L%, Qb QFn) = ala—1) L4 L4,
d d u u Fd (leq’ Q}L{H’ QIIL?H) Tr%IH u 1 u
FQ;,H,Q;IH (LH7 Qun QFH) = (1-q) w m TOTHH T g (1 —7irm)
HH HH
Fy on (L Qb Qi) = (1—a) F (L Q. Q) it Tt (1 - a)
QHH’QFH ’ ’ ’ ’ Q%H QuHH 9
Fd (Ld u Qu ) T
d d w u o i H><YHH»YFH HH
FLdH’QZH (LH,QHH7QFH) = a(l-oa) L’fq .
Fd (Ld Qu Qu ) 1— 7
d d . HYaH YFH HH
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First-Order Conditions with Functional Forms We can now plug some of the above expressions

into our first-order conditions

Ugs,, (Qfin,QFn) = pa (D.17)
Uge . (Qfm. Qbn) = proPiy (D.18)

o—1 1 1 P#
pa = pTB Pip — psp=—5 B (D.19)

O&pr ar
d d W%H X;—lI W%H d u u 1 u
o = pa(1+9") A —0) XG5 + pgp (1—a) = ot [ (1= @) — oy — gy
HH HH WHH

1 a 11—7%
— 14 --__"HH D.20
+”LCL¢},(1—Q)[+9 e ] (D-20)

1—7Y o 1 — 7Y 1
TBYFH = Hd Y —Q)Ag——r— TMusB\l —a)Ag=r———=— |7 -« - -«
Qfm wr QFm 0
-1 1 1—n%, QU
+uLc < T4 Tt Qi (D.21)
l1—a 06 L% Q%y Thy

0—1 1 1 PH
_ PY 4 pep HF D.22
Fou nro—g=Piir +ispg o pi (D.22)
pr = pu(L+9") AY (LY) = prey" A (L) 7 (D.23)

aX? a(l—a) X4 14, e 1 Yo
pr = pg (1+9%) = + psp (1+77 7 - (D.24)
( ) LY ( ) LY HH 1—a LG LY iy

Manipulating the First-Order Conditions From equations (D.17), (D.18), and (D.19), we obtain:

Uga, (Qfw: QFp) _ P, ( o usg 11 PﬁF)

Uge (Qhm QFn)  Php \o—1 pa o= 1Q%p Php

Because in a competitive equilibrium with tariffs we have

Upa d s d d
Qrn (QfH QgH) = (14+1%) PZH, (D.25)
UQdHH (QHHvQFH) Php

we can establish that

o pusp 1 1 Pip
1+t = - . (D.26)
oc—1 pa 0 —1Q% . Pi

Also, note from equations (D.17), (D.18), and (D.25) that we have

Pd
141l = HIBZHE (D.27)

Hd

and in a competitive equilibrium with import tariffs (but no export taxes)

Fc%';m( f Qrm) _ Py p (D.28)
Foy Qi Qb) (L +1) Piy '
Furthermore, the penultimate constraint in the initial optimization can be written as:
XU Rl Qs Q) — L (D-29)
Fa(QYy gy Qlogg)~ Gl I M Pp’
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and the last one as

o nm _ Xp
—HA = D.30
l—any,LY LY ( )
Now combine equations (D.21), (D.27), (D.28), (D.29), and (D.30)
1+t¢ 7 1 -1 1 Pg
T g 4oy 288 Thn [vd(la)+<a)}+““ a — SHE (D.31)
1+t pa Q% g 0 pa 1—a 0 LY Php

We next plug equation (D.21) into equation (D.20) to obtain

T QY X& w1 1 a 11
P HH FH _ 1—a H HH = - - - _ =
wrBPrg %Hil_ﬂ-%]H fu + psB ( ) QU MLcLill_aeﬂ?IH

Next, plugging u, from equation (D.22), and invoking equation (D.28) and (D.29), we obtain

1 0—1 d THH 1 1 1 a 1 1
— MLC

1
Pipl—— T  gpr(1—a) X o« -
HTS HF[H% f } wsog =) X g, Qor T Qi I (0—a) by,

HH

Next, invoking equation (D.28) and (D.29), we can simplify this to

. 1 0—1 1. 4 Ty 1 1 « 11 1
pre Py |:u_:| = psp5Xp (1 —a) =4 ot e | T HLCT—Tr
1+ Ui o o1 ( ) Qfn |Qur  Qfn l-«a Lﬁlq Oy

And, plugging in (D.27). this delivers

1+t 6-1 17 1 1 11 1 P4
+H—(1+tCIl{>ZMSB|: :|_/~LLC o HF (D.32)

+ -
L+t 0 na 0 1Qfr  Qipm pa 1—a Ly 0mfy Php
We finally seek to solve for pupc as a function of pusp. We begin with equation (D.15) and (D.24)

1+ aXg psp (1+1)a(Q—a)X§ 7ty pre 1

Hu T rpu\v® wgu (pu Y=l @ 1 Qi
Hu qu (1, - + + { Ap (L -
[ H( H) (1+’7“) LdH Lhd (1+,7u) L%I %IH pa 1+~ v H( H) 1_aL§l{LdH W%H

Next, plug equation (D.12) and using (D.30), we obtain

1+ 4) o X¢ 1+ 4 1 1(1— 7
1+ X%+MSB (1-a) H;THH ( V)Vu_ (1+( ;THH))
(1+~v) hd Q%y |1+ 1-« 6 w4y

- w11 urd 1 11— 7
d al+~ \ LY 1—a 0 7%y

which we can express as

(1+y) Q% (1+v)
fre _ o . (D.33)

A vel1_ 1 (2L 1 11-7y
Hd Ay (L) {E T+y® ( L;'IH - 1) T 1-a (1 +3 w};ZHﬂ

()" yra Xy | () o 1 1 (-mfy)
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Recap of Key Equations

a o pusp 1 1 Pip
1+t = ] )
oc—1 pta 0 —1Q%r Php
1+ % 1 6—-1 1 P4
o 1+’yd+mﬂ5H[vd(l—a)+<—a)}—f—'uLc < —HE
1+t ta Q¥ g 0 pa 1—a 0 LY Php
1+t§{_9—1(1+t%) _ usm[ 1 1 :|_,ULC a 111 P
L+t 0 na 0 1Q%r  Qipm pa 1—a Ly 0mfy Php
()" ya | p Xprwy | (H?) w1 1 (=7 )
lne S X e (1 - ) Mgl | oty - Lo (14§ o))
B 1 vl 1 (aLf 1 11-7}
T R i () (e )

We have not been successful in proving any general results, so let us study some special cases.

B. Second-Best Import Tariffs with No Scale Economies in Either Sector

Given the above derivations, it is straightforward to prove that Proposition 7 applies even when o > 0.
Simply set 7¢ = 4% = 0 in equations (D.31), (D.32)and (D.33). First note, equation (D.33) becomes

Xfmg 1 1(=mfp)
ULC  MSB (1—a) =g {7 <1+5 oy )]

K3
Quw 1-a THH

Ha g ) [ s (1 )

and plugging (D.30),

o 214 %(1—:}31{)
HLC _ ISB (1- a)2 X%L?{ < HH) THH

T—mt
Hd M B/ 14 ¢—Hu
THH

Plugging this expression for “:—f into (D.31), delivers

1+t%(:1 1SB Ti (1_a)|:0¢+7r%1H(1_a):|
1+t% ta Q%w a+mlhy (0 —a)

And finally, plugging "lf—dc into equation (D.32) delivers

1+t4 6-1 4
1+tY ~ g ()

_MSBl{ 1 1 (A—a)brpy }
pa 0 |Qfr  Qfgatmhy(@—a)l

In sum, we can write the system as

o HsB

1+t = —— 4022

i co1 Hd

1 d

+tH _ 1+MSBB

1+t Hd
1+t 6-1
-t ) = Ee
14+t% 0 hd

where
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1 1 P4

A = —— - "HFE 4
UﬁlQ%IFPgIF
Uu u _
B = Zlum (1—04)[@—1_71-5[{(1 0‘)] 0
HH a+ Ty (0 —a)
oo 1{ 1 1 (1-a)bryy ]>o
0 HF Q?IHO“"”?IH(Q_O‘)
So we have
o 1+t 9-1 A
14+t4 = 0 1+t4)| =
+lu 01+[1+tuH 0 (+H)}c
1+t 1+t 401\ B
= 1 — (1) —=) =
T+t +(1+tj€, (+th) =5~ ) @

When solving this system, we obtain

B}

—1

1+t 1-—

Q\m %‘
<|Qlw
%\L +
Qlx ‘Q’
| |
N
Qlx

which is higher or lower than 1 depending on the relative size of o and 6. More specifically, when o > 6,

ﬁele < 1, and we have tariff escalation. But when ¢ < 6, then ﬁ% > 1, and we have tariff

de-escalation.
C. Second-Best Import Tariffs with No Scale Economies Upstream (7" = 0)
We next study the case in which ¢ > 0 but v* = 0 . In that case, equation (D.33) reduces to
_ Xfmhy [ ( 1= ”HH)):|
_ (1 Oé) Q¥rg 1-a 1 + THH

— 1—m )
I T R (=)

THH

HLc _ HsSB

and we can write

o HsB
1+t = —==A
il U*1+Md
1+t¢
Ho _ 14414 B8p
1+t% Hd
1+t4 6-1 d 1sB
-—(1+th) = 2=2C
1+t 0 (1+13) [t
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with

r d 1(=7}y)
_ Thm d _ XH[1+§ WHI;{H):| -1 1 Php
B = - (1 —a)+ all| +— o T B

[
- Zha Pd(l_m(l_a)h [(+35552)] o

}L{H 0 17a+(1+%1 Z"HH):| 0

L H
_ W%H(1_Q)W?IH(9—1)+aa—|—7r}‘{HJ(1—a)>O
FH (=1 (a1 —7gy) +7hy0)
and
(1_’_1(1_7{}3}1))
oot 1l (i) o,
0Qur Qfut

=+ (5]
Given B > 0 and C > 0, it is then straightforward to use the same steps as in the proof of the & = 0 case in

Appendix C.4 to show that
o

1+t4 >
tin oc—1

and
1+t

1+t

>14~%

We thus provide a simple analytic solution that shows tariff escalation is optimal when upstream goods

are produced under constant returns to scale.
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E Quantitative Analysis

E.1 Numerical Simulations of Second-Best Tariff Escalation

In this Appendix, we describe how we solve numerically for second-best trade policies in the small, open
economy (SOE), and report the results of solving this problem for various parameter values. First, we perform
an extensive grid search over various values of the key parameters o, 6§ and a. Second, we describe results of
a second exercise in which we evaluate tariff escalation for different values of Ay, A,, 74 and 7,. Table E.1

provides the list of values we consider for each parameter.

Table E.1: List of Parameters in Grid Search Exercise

Parameter List of values

Elast. Subs. Downstream, o {2,3,4,...,8}
Elast. Subs. Upstream, 6 {2,3,4,...,8}
Labor share Downstream, o {0,0.1,0.2,...,0.9}
Foreign Prod. Downstream, Ay {0.16,0.24,0.32,0.49,0.65}
Foreign Prod. Upstream, A, {0.07,0.14,0.21,0.28}
Iceberg cost Downstream, 74 {1.19,1.78,2.37,3.56,4.75}
Iceberg cost Upstream, 7, {1.02,1.52,2.03,3.05,4.07}

Notes: Each row presents the list of values considered for each parameter
during the grid search exercise. For the two elasticities of substitution
and the labor share we cover the entire range of reasonable values in the
literature. For iceberg costs and the two productivities we start from
their calibrated value, table 1 in section 6.1, and consider a 25% and 50%
decrease, and a 50% and 100% increase.

E.1.1 Solving for optimal import tariff

Solving for optimal tariffs in this second-best setting requires providing values for import prices and export
demand shifters, both of which are exogenously given in the SOE, and for productivities in both sectors. To
recover the value of these parameters, we use the fact that the LOE approximates the SOE assumption from
Home’s perspective when its population is low relative to the population of the rest of the world. Therefore,
import prices and export demand shifters in the SOE can be constructed from the equilibrium of the LOE

under this limit according to,’

soe,FH
ail 1
d _ 1 d i
Psoe,HF_ < PHFCHF
Td
_0
1\ 71 1
U _ u [
soe,HF — <) PHFQHF
Tu

®Note the export demand shifters are corrected by iceberg costs because of how we write the feasibility constraints
in the SOE.
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Similarly, productivity levels in the two sectors can be constructed from the equilibrium of the LOE and the

isomorphism in Proposition 3,

w \ 721 d \ 721
= (3 e b= (FE) @0
Given these values, it is straightforward to compute numerically the optimal import tariff of the problem
described in Appendix D.3. In practice, however, we solve for the optimal import tariff in the LOE when
Ly /Lr = 0.01 for each combination of the parameters in Table E.1 because this method is more numerically
stable than the corresponding one in the SOE. Table E.2 shows that this approximation works well for the
calibrated values of Section 6.1 with Ly /Lr = 0.01.

Table E.2: Optimal taxes in the large and small open-economy

146 14 1—o% 1—3s"

LOE - First-Best 0.249 0.200  0.200
SOE - First-Best 0.25 0.2 0.2

LOE - Second-Best 0.328 0.184
SOE - Second-Best  0.332  0.191

Notes: Table compares the first- and second-best policy in
the LOE and SOE. We compute the optimal tariffs using the
estimated parameters in section 6.1 with Ly /Lr = 0.01.

E.1.2 Grid over o, # and «

We first solve for optimal trade policy for values of ¢ and 6 ranging from 2 to 8, and for values of a ranging
from 0 to 0.9, as described in Table E.1. We fix the values Ay, A,, 74 and 7, to the values we estimate in
Section 6.1. Overall, we explore 7 x 7 x 10 = 490 configurations of parameters. We can successfully solve the
model for 453 of these 490 cases. Most problematic cases are associated with very low values of o, for which

we find high tariff escalation values when we can solve the model.

Statistics tariff ratio wedge

The next three tables report statistics related to the tariff escalation wedge, the mean, the median, the
standard deviation, the minimum and the maximum. The second column of Table E.3 provides values of
these statistics for the 453 cases for which we have a solution. On average, ‘gross’ downstream tariffs are 25
percent higher than ‘gross’ upstream tariffs, and the medians show a similar divergence (16 percent). Some
cases feature tariff escalation levels as high as 2.31, while tariff de-escalation remains modest even in the
most extreme cases (minimum of 0.75).

The third and fourth column of Table E.3 recalculates the statistic but looking at the cases for which the
tariff ratio is above and below 1, respectively. It is interesting to note that when our model predicts tariff

de-escalation, it does so with fairly moderate levels (median of 0.97).
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Table E.3: Statistics of the tariff escalation wedge: all cases

All cases With escalation With de-escalation

Mean 1.25 1.28 0.95
Median 1.16 1.18 0.97
Standard Deviation 0.28 0.28 0.006
Minimum value 0.75 1.001 0.75
Maximum value 2.31 2.31 0.99
N 453 412 41

Notes: Table reports statistics for the tariff escalation wedge for optimal import
tariffs computed in the grid search exercise.

E.1.3 Tariff escalation and parameter space

We now present results about the parameter combinations that generate de-escalated tariffs. Table E.4
reports the fraction of cases for which tariffs are de-escalated for a given parameter, for each possible value
that this parameter can take. For example, we have 70 combinations with o = 4, with 1 percent of these

cases featuring de-escalated tariffs.®

Table E.4: Tariff De-escalation across the parameter space, 1

o= 2 3 4 5 6 7 8
Share: 0.00 0.00 0.01 0.07 0.11 0.17 0.23

0= 2 3 4 5 6 7 8
Share: 0.13 0.22 0.17 0.09 0.05 0.00 0.00

o= 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Share: 0.00 0.00 0.00 0.00 0.00 0.02 0.06 0.13 0.36 0.55

Notes: Table reports the share of cases in each cell for which optimal tariffs are de-
escalated, i.e (1+t4)/(1+t%) <1

Table E.5 presents the fraction of cases with de-escalated tariffs for the ten values of «, split into cases
with o > 0, 0 < 0, and ¢ = . In line with the intuition in the draft, optimal tariffs are more likely to be
de-escalated when the returns to scale upstream are larger than those downstream, and when the downstream

labor share is high.

SFrom the 70 combinations with o = 4, we cannot solve for the equilibrium for 2 cases. The 1 percent reported in
the table is the share out of the 68 cases for which we have a solution.
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Table E.5: Tariff De-escalation across the parameter space, 11

Values of «

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
oc>0 0.00 0.00 0.00 0.00 0.00 0.05 0.14 0.30 0.70 0.94
o<0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
oc=1~0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20

Notes: Table presents the share of cases in each column for which the optimal tariff
are de-escalated.

E.1.4 Second-best tariff escalation and the labor share

We replicate Figure 2 for different values of the elasticity of substitution across downstream goods.

Figure E.1: Second-Best Tariff Escalation and the Labor Share
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Notes: Figure plots the ratio of optimal downstream to upstream tariffs (i.e., tariff escalation) as a function
of the downstream labor share («) and upstream elasticity of substitution (6) for different values of the
elasticity of substitution downstream (o).

E.2 Grid over Ay, A,, 74 and T,

We now perform a similar analysis, but simulate the model for various values of the parameters Ay, Ay, T4

and 7,. We start from their calibrated value in Table 1 in Section 6.1, and consider a 25 percent and a 50
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percent decrease, and a 50 percent and a 100 percent increase for each parameter. We fix ¢ = § = 5 and
« = 0.55, as in our baseline quantitative analysis. The grid has 625 different combinations in total, and we

can solve for 575 cases. The following tables provide descriptive statistics for the tariff escalation wedge .

Table E.6: Statistics of the tariff escalation wedge: all cases

All cases  With escalation With de-escalation

Mean 1.11 1.12 0.91
Median 1.12 1.12 0.91
Standard Deviation 0.04 0.01 0.00
Minimum value 0.91 1.10 0.91
Maximum value 1.13 1.13 0.91
N 575 552 23

Notes: Table reports statistics for the tariff escalation wedge for the optimal import
tariff computed in the grid search exercise.

Tariff escalation and parameter space

Finally, we present results illustrating the combinations of parameters that generate de-escalated tariffs.

Table E.7 reports the fraction of cases for which tariffs are de-escalated for a given parameter.

Table E.7: Tariff De-escalation across the parameter space, 1

Aqg 0.16 0.24 0.32 049 0.65
Share: 0.20 0.00 0.00 0.00 0.00

Ay 0.07 0.11 0.14 0.21 0.28
Share: 0.00 0.00 0.00 0.00 0.20

Td 1.19 1.78 237 3.56 4.75
Share: 0.04 0.04 0.04 0.04 0.04

Tu 1.02 1.52 2.03 3.06 4.07
Freq: 0.04 0.04 0.04 0.04 0.04

Notes: Table reports the share of cases in each
cell for which optimal tariff are de-escalated, i.e
(14+t4) /(1+t4) < L.
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E.3 Robustness for Calibrated Parameters

Table E.8: Calibrated Parameters - Robustness

d u d 7
T T Agow Fow

=443 and 0 =6.44 1.787 2.2986 0.289 0.114

0 =2.35and 0 =3.08 5.021 8.536 0.248  0.102
0 =8.52and 0 =841 1.508 1.446 0.301 0.121

f=25and oc=4 3.007  6.878 0.260  0.103
f=55and o =4 3.007  1.877 0.281 0.116
a=0.75 2.249  2.040 0.196  0.114
a=0.25 2.239  2.042 0.119  0.124
a=0 2.375  2.073 0.598  0.128

Notes: This table reports the re-calibrated parameters used in our
robustness exercise in Table 2.
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F Data Appendix

F.1 Data Construction for Figure 5
US Tariff Data.

o We use US import tariff data at the 8-digit level from the US Harmonized Tariff Schedule (HTS)
available at https://dataweb.usitc.gov/tariff/annual. We use the most-favored-nation (MFN) ad
valorem tariff rate whenever possible. In approximately 25% of the cases, the MFN ad valorem rate is
not available and instead a “specific” tariff rate is applied such as “68 cents/head”, “1 cents/kg”, “0.9
cents each” etc. In these cases we perform an imputation by calculating an ad valorem equivalent tariff

rate using unit values obtained from the US Census Bureau.

e In a next step we use the imputed ad valorem tariff rate to calculate applied MFN ad valorem tariff
rates for all goods, taking trade agreements between the US and other countries into account. That
is, we calculate the applied MFN ad valorem tariff rate as an import weighted average of the MFN
ad-valorem rate and the tariff rate that is paid by countries that are members of a trade agreement.”

US import data for the year 2015 come from the US Census Bureau.

e Data on tariffs imposed in February and March 2018 on almost all countries (washers; solar panels;
iron and steel; aluminum) come from Fajgelbaum et al. (2020) and all subsequent tariffs imposed on
imports from China throughout 2018 and 2019 from Chad Bown (available here).

ROW Tariff Data.

e We use tariff data for 115 countries plus the European Union at the 6-digit HS code level from
the WTO Tariff Download Facility available at http://tariffdata.wto.org/default.aspx. We use the
most-favored-nation (MFN) ad valorem tariff rate which constitutes the simple average duty of all

products within a 6-digit HS code classification.

e We use data on retaliatory tariffs imposed by China throughout 2018 and 2019 from Chad Bown
(available here). Data on retaliatory tariffs imposed by the European Union, Canada, Mexico, India
and Turkey stem from Li (2018). Using data on these tariff waves we adjust the MFN applied tariff
rates taking 2015 US export value weighted averages with US export data coming from the US Census

Bureau.

Intermediate and Final Goods Classification

e We classify goods into intermediate and final goods using the UN Broad Economic Categories (BEC).
The cross-walk between HT'S10 codes and end-use categories is available here. We classify goods as
intermediate goods when their BEC code starts with 111, 121, 21, 22, 31, 322, 42 and 53. Final goods
(including capital goods) start with BEC code 41, 521, 112, 321, 522, 61, 62, 63. All other goods have

no classification.

"We account for the following trade agreements: Generalized System of Preferences (GSP, 41 countries), The
Agreement on Trade in Civil Aircraft (32 countries), NAFTA (3 countries), Caribbean Basin Initiative (CBI, 17
countries), African Growth and Opportunity Act (AGOA, 40 countries), Caribbean Basin Trade Partnership Act
(CBTPA, 8 countries), Dominican Republic-Central America FTA (6 countries) and the Agreement on Trade in
Pharmaceutical Products (7 countries).
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https://www.piie.com/blogs/trade-and-investment-policy-watch/phase-one-china-deal-steep-tariffs-are-new-normal
https://www.piie.com/blogs/trade-and-investment-policy-watch/us-china-trade-war-guns-august
https://unstats.un.org/unsd/tradekb/Knowledgebase/50090/Intermediate-Goods-in-Trade-Statistics

Tariff Fscalation Unweighted

e As alternative to Figure 5 which shows trade-weighted tariff rates, Figure F.1 displays an unweighted
version of the tariff increase on intermediate and final goods by the ROW on imports from the US

throughout the trade war and vice versa.

Figure F.1: Comparison of ROW and US Input & Final-Good Tariffs (Unweighted)

(a) ROW average tariffs on US (b) US average tariffs on ROW
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Notes: Pre: Tariffs in January 2018, Post: Tariffs in December 2019. Tariff data from WTO and USITC. Goods are
classified as intermediate goods when their BEC code starts with 111, 121, 21, 22, 31, 322, 42 and 53. Final goods
start with BEC code 41, 521, 112, 321, 522, 61, 62, 63 (including capital goods). All other goods have no classification.

F.2 Elasticity Estimation

Below we explain the estimation of the elasticities of substitution in the upstream and downstream sectors
using three different approaches: the trade elasticity approach, the sectoral markup approach, and the scale

elasticity approach. We present results for all three approaches and demonstrate how they differ.

Sectoral Markup Approach Our first elasticity estimation approach relies on sectoral markups.
Information on firm-level markups allows us to derive elasticities in a straightforward manner since equations
(A.1) and (A.2) illustrate that markup = % We thus compile data for this exercise as follows:

We obtain upstream/downstream sector classifications using WIOD. We use 2014 sales of the US to the
US and RoW to calculate the share of total sales per sector that goes to final consumers. We then classify a
sector as upstream when the share of total sales to final consumers is below the median across all sectors
and as downstream when the share is above the median. This yields a dataset which shows upstream and
downstream classifications for 87 sectors at the 2-digit NACE level (European industry classification). This
2-digit NACE data we combine with a NACE-NAICS concordance file that maps 4-digit NACE (we only use
the first 2 digits) to 6-digit NAICS. If there are multiple NACE 2-digit codes for a NAICS 6-digit code, we
choose the NACE 2-digit code that has larger total US sales. This yields a final dataset that shows upstream
and downstream classifications for 1,175 different NAICS 6-digit codes. We combine these data with data
kindly provided by Baqaee and Farhi (2020) (BF) based on 6-digit NAICS codes. The BF data list markups
and sales for 31,683 different firms from 1978 — 2018. They provide three different types of markups calculated

based on a user cost, a production function, or an accounting profits method. We select their data between
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2012 and 2017 and focus on the markups calculated using the production function estimation approach. We

further exclude firms that have markups smaller than 1 (14% of all firm-year observations).

Table F.1: Elasticities

mean sd min p5 p25 p50 p75  p95 max count
Upstream 443 426 1.10 1.15 1.60 2.75 5.04 16.50 16.50 11045
Downstream 6.44 6.05 1.29 146 244 4.03 7.49 2224 2224 14773

Notes: The table shows weighted mean elasticities for upstream and downstream sectors between 2012 and 2017 across all firms
in the WIOD that have markups greater than 1. Elasticities stem from the production function estimation approach. Weights
represent the share of firm sales in total sales. We winsorize elasticities and sales at the 5-95th percentile by sector.

markup

and winsorize elasticities and sales at the
markup—1

We then calculate firm-level elasticities as elasticity =
5-95th percentile by sector. Finally, we calculate weighted mean elasticities for upstream and downstream
sectors across all firms where weights represent the share of firm sales in total sales. Table F.1 presents

elasticities for upstream and downstream sectors pooling all years from 2012 to 2017.

Trade Elasticity Approach In our second elasticity estimation approach, we estimate elasticities in
the upstream and downstream sectors by measuring the response of imports in the upstream and downstream
sectors to changes in import tariffs. More specifically, we calculate the changes in US import values in both
sectors during the US-China trade war (January 2018 to December 2019) that raised US import tariffs on
upstream goods by 4.1 percentage points and downstream goods by 4.4 percentage points. We obtain data
on import values at the country-HTS10-month level from the US Census Bureau’s Application Programming
Interface (API). Data on US import tariffs are constructed as described in Section F.1.

We regress 12-month log changes in import values on 12-month log changes in tariff rates via the following

regression specification:

Aln(vijt) = Oéj + Tit + ﬂAln(l + Tariffijt) + (J.)ijt, (Fl)

where ¢ indicates foreign countries, 7 denotes products, and ¢ corresponds to time; o is a product fixed
effect; 7;; is a country-time fixed effect; and w;j, is a stochastic error. We denote import values by v;;;. We
estimate equation F.1 separately for intermediate and final goods using both log differences and the inverse
of the hyperbolic sine transformation, log[x + (22 + 1)°%], to be able to estimate changes when import values
are zero in t or t — 12.% The results are presented in Table F.2.

Column 1 (3) suggests that a one percent increase in tariffs on intermediate (final) goods is associated
with a 1.05 (1.81) percent decrease in import value. However, since tariffs can lead to zero imports, which
will be dropped from the regression, columns 2 and 4 perform the same regression this time using the inverse
hyperbolic sine instead of the log change. This adjustments leads to greater trade elasticities for both types
of goods. A one percent increase in tariffs on intermediate (final) goods is associated with a 2.35 (3.08)
percent decrease in import value. Note that the estimates from this specification correspond to an elasticity
of substitution between intermediate (final) goods of 2.35 (2.08).

8Note that regression coefficients based on the hyperbolic sine transformation are sensitive to the scale of the
import values. This is, results vary depending on whether import values are measured in thousands, millions, etc.
Following Amiti et al. (2019), we measure import values in single US dollars.
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Table F.2: Impact of US Tariffs on Import Values

Intermediate Goods Final Goods

(1) (2) (3) (4)
Log Change Inv. Hyperb. Log Change Inv. Hyperb.
Import Value Import Value Import Value Import Value

Aln(vijt) Aln(viﬁ) Aln(vijt) Aln(vijt)
log change tariff
Aln(1+ Tarif fije) -1.05%** -2.35%** -1.81%** -3.08%**
(0.07) (0.44) (0.08) (0.35)
N 1302744 2220920 1253577 2251844
R2 0.027 0.048 0.022 0.045

Notes: Observations are at the country-HTS10-month level for the period January 2018 to December 2019. Since the specifica-
tion is in 12-month changes, the data includes observations from January 2017 onwards. Robust standard errors in parentheses.
Variables are in twelve-month log change. All columns include product-level and country-time fixed effects. The dependent
variables are the log change and the change in the inverse hyperbolic sine of US import values of intermediate and final goods,
respectively. We use the inverse of the hyperbolic sine transformation, log[x + (z2 + 1)0‘5], to be able to estimate changes when
import values are zero in t or t — 12. *p < 0.05, **p < 0.01, ***p < 0.001.

Scale Elasticity Approach Our final elasticity estimation approach exploits the isomorphism of our
model to a model with external economies of scale. As discussed in Section 2, these models are isomorphic
provided that the following restrictions between the external economies of scale parameters and the elasticities
of substitution across varieties hold: 7* =1/ (6 — 1) and ¢ = 1/ (o — 1). Data on 4* and v? thus allow us
to easily derive information on elasticities.

Data on scale elasticities comes from Bartelme et al. (2019). The authors provide 2SLS estimates on
scale elasticities for 15 manufacturing industries presented in Table F.3. We classify these industries into
upstream and downstream industries following the same procedure as in the Sectoral Markup Approach and

then calculate the average scale elasticity in those sectors.
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Table F.3: Scale Elasticities

Industry NACE Rev. 2 | WIOD class. | Scale elast.
Food products, beverages and tobacco 10, 11, 12 downstream 0.16
Textiles 13, 14, 15 downstream 0.12
Wood and products of wood and cork 16 upstream 0.11
Paper products and printing 17, 18 upstream 0.11
Coke and refined petroleum products 19 upstream 0.07
Chemicals and pharmaceutical products 20, 21 upstream 0.2
Rubber and plastic products 22 upstream 0.25
Other non-metallic mineral products 23 upstream 0.13
Basic metals 24 upstream 0.11
Fabricated metal products 25 upstream 0.13
Computer, electronic and optical products | 26 downstream 0.13
Electrical equipment 27 upstream 0.09
Machinery and equipment, nec 28 downstream 0.09
Motor vehicles, trailers and semi-trailers 29 downstream 0.15
Other transport equipment 30 downstream 0.16

Notes: Industries and 2SLS scale elasticities stem from Bartelme et al. (2019). Upstream and downstream classifications stem
from WIOD where we classify a sector as upstream when the share of total sales to final consumers is below the median across

all sectors and as downstream when the share is above the median.

For the upstream sector we obtain an average scale elasticity of 0.133 and for the downstream sector an
average scale elasticity of 0.135. Exploiting the isomorphism between this setup and our framework with

monopolistic competition and free entry, we convert these to § = 8.52 and o = 8.41.

F.3 Share of Inputs in the Downstream Sector

As in the “Sectoral Markup Approach," we classify sectors into upstream and downstream depending on
whether the share of total sales to final consumers is below or above the median across all sectors. From the
WIOD in 2014 we calculate the share of inputs in the downstream sector as the ratio of intermediate inputs

to sales in the downstream sectors leading to an estimate of 1 — o = 0.45.
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