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Abstract: This paper studies the macroeconomic impact of higher tariffs using a two-country DSGE
model with endogenous trade and heterogeneous firms. The analysis consists of two scenarios. First, we
assume that one country increases tariffs while the other does not. Second, both countries raise tariffs. In
the first case, the country that did not raise tariffs suffers an economic contraction due to lower external
demand. In turn, the one that imposed higher tariffs ends with a slight gain in output triggered by a surge
in internal consumption originated from the transfer of tariff revenue to households. In the second case,
however, both countries suffer a significant drop in exports, reducing dividends and wages paid, and
decreasing consumption and output.
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Resumen: Este articulo estudia el impacto macroecondémico de aranceles mas altos utilizando un
modelo DSGE de dos paises con comercio endogeno y empresas heterogéneas. El analisis consta de dos
escenarios. Primero, asumimos que un pais aumenta los aranceles mientras que el otro no. Segundo,
ambos paises aumentan los aranceles. En el primer caso, el pais que no los subi6 sufre una contraccion
econdmica causada por una menor demanda externa. A su vez, el que impuso mayores tarifas termina
con una leve ganancia en el producto provocada por un repunte del consumo interno originado por la
transferencia de ingresos arancelarios a los hogares. No obstante, en el segundo caso, ambos paises
sufren una caida significativa de las exportaciones, reduciendo los dividendos y salarios pagados, y
disminuyendo el consumo y el producto.
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1 Introduction

In recent years, the U.S. enacted several measures favoring protectionism, particularly in the form
of higher import tariffs. For example, in June 2018, an up to 25 percent tariff was enforced on
imports from China with a value of roughly 34 billion dollars. Also, in August 2019, the U.S.
announced a 10 percent tariff on 300 billion dollars of Chinese goods. In October of the same year,
it applied an up to 25 percent tariff on 7.5 billion dollars of European Union goods. As a result,
most of these countries retaliated in kind by also raising tariffs on U.S. goods.

Notwithstanding all the efforts towards trade liberalization in the last decades, protectionism
was never entirely abandoned. Countries usually implement some protective measure against spe-
cific imports to shield a particular sector or industry (for example, farming or the steel industry),
to preserve jobs or for political gain, see Grossman and Helpman (1994), and Maggi and Goldberg
(1999). However, such a drastic turn towards protectionism had not occurred since WWII, which
bears question about the possible macroeconomic consequences of this new trade policy.

Several recent works attempt to answer such a question. Analyzing the short-run effect of
tariffs imposed by the U.S. and the retaliation by countries affected by them, Fajgelbaum et al.
(2019) find a significant fall in trade flows as a result of U.S. implementation of tariffs and the
consequent retaliation. Besides, their empirical evidence points to a full pass-through of tariffs to
final import prices and a loss for U.S. consumers of approximately 0.29 percent of GDP together
with a fall in aggregate real income of close to 0.04 percent of GDP. Finally, these authors argue
that the U.S. economy would have obtained a small gain without retaliation from trade partners.

In turn, Barattieri et al. (2018) empirical results suggest that a temporary increase in trade
barriers reduces output, boosts inflation, and, at most, has a very modest positive effect on the
trade balance in the short run. They modify Ghironi and Melitz (2005) model with an exogenous
non-traded sector and nominal rigidities to assess the transmission channel of tariffs. The authors
find that protectionism is not a good tool for small open economies to support macroeconomic
expansion.

Erceg et al. (2018) study the short-run impact of an increase in tariffs together with export
subsidies in transitional dynamics using a New Keynesian open-economy DSGE model with nom-
inal rigidities and different exchange rate regimes. They show that when both tariffs and subsidies
are implemented, demand for domestically produced goods rises to expand aggregate demand and
inflation even in a flexible exchange rate regime. Their results contrast with the traditional view
that increasing tariffs lead to a strong appreciation of the exchange rate, which fully cancels the
described impact.

This work contributes to the literature by analyzing the macroeconomic impact of revenue



tariffs using Ghironi and Melitz (2005) model with heterogeneous firms and endogenous trade and
assuming that the proceeds from tariffs are distributed to households via a lump-sum transfer.

This study follows Caliendo et al. (2015) in the sense that it uses revenue tariffs.! The authors
argue that tariffs are imposed on the customs value of imports, which, of course, is already inclusive
of variable and fixed export costs. This implies that when tariffs increase, not only do they affect
profits, but they also have an impact on entry. Using a static trade model in the spirit of Melitz
(2003), Caliendo et al. (2015) prove that revenue tariffs do have a positive impact on fixed costs
and ultimately lead to a bigger welfare loss than when the effect of tariffs is introduced as a rise in
iceberg trade costs. The authors explain that such a result is because increasing iceberg trade costs
does not reduce entry, while revenue tariffs do.?

The analysis encompasses two scenarios: first, a no-retaliation scenario where one country
raises tariffs and the other does not. Second, a retaliation scenario where both countries increase
tariffs.

The results in the no-retaliation scenario are as follows: when country A raises tariffs, it causes
a significant drop in the number of exporting firms in country B. Since only the most productive
firms can export, the export productivity cut-off level rises, leading to a fall in net-off tariff export
prices and profits. Firms that can no longer export sell domestically, resulting in higher domestic
production and profits. However, the negative effect in export profits dominates so that aggregate
firm profits in country B fall, causing a reduction of household income that is reflected by a con-
traction in consumption and real GDP. In contrast, household income in the country that rose tariffs
is higher due to the lump-sum transfer from tariffs increasing consumption of domestically pro-
duced goods and boosting domestic production and profits. As a result, GDP rises in this country.
These results are in line with those of Fajgelbaum et al. (2019) in the sense that the country that
increases tariffs observes a slight boost in GDP while the other country contracts.

When both countries raise tariffs, however, the fall in the number of exporting firms and the
increase in the cut-off export productivity is higher than in the previous scenario for both coun-
tries. Despite that household expenditure switches towards domestically produced goods driving
domestic profits up, the drop in export profits overcomes this effect reducing total profits within
each country. Such dynamics translate into lower household income so that consumption and out-

put plunge in both economies.

IThis strategy differs from the approach followed by Haaland and Venables (2016), Barattieri et al. (2018) and
Erceg et al. (2018) who introduce tariffs as variable costs of production.

2 Also, another departure of this works versus that of Haaland and Venables (2016), for example, is that here the
interest is on the transitional dynamics of macroeconomic variables and not in determining the optimal tariff as in the
cited work.



It is important to note that since the model is calibrated for the U.S. economy and an identical
trade partner, the results may be sensible to a different calibration. In particular, the magnitude
and persistency of firms’ dynamics and consumption could change if the model is calibrated for
countries with different sizes (asymmetric equilibrium). In addition, the model does not consider
other factors that may affect the results. For example, an increase in trade policy uncertainty
reduces investment, particularly of exporting firms and output (see Caldara et al. (2020)), labor
market frictions, price rigidities, etc.

The article is organized as follows: In the next section, we briefly describe Ghironi and Melitz
(2005) model and how revenue tariffs are introduced in the model. The third section describes the

impact of higher tariffs in the scenarios described above. The fourth section concludes.

2 The Model

In order to assess how the imposition of tariffs may influence the transitional dynamics of macroe-
conomic variables, we use Ghironi and Melitz (2005) model augmented with ad valorem revenue
tariffs as in Caliendo et al. (2015). According to these authors, introducing revenue tariffs is a
more realistic approach than rising iceberg trade costs or introducing tariffs into variable produc-
tion costs excluding mark-ups and without fixed costs as in Costinot and Rodriguez-Clare (2014).
Here, we briefly describe the model and show only the relevant equations while details of the model
are shown in Appendix A and Appendix B. Also, we point the reader to Ghironi and Melitz (2005)

for a more detailed description of the model.

2.1 Households’ Intratemporal Problem and Firms’ Domestic Profits

Suppose the world consists of two equal-sized countries denominated A and B, with a unitary mass
of atomistic households per country, there is no money and no nominal rigidities which implies all
prices are fully flexible. Each household inelastically supplies labor L, L* at nominal wages W,
W* respectively. In each country, there is a continuum of goods €2 so that in every period there
exists a number of varieties available for consumption, ; C Q in A and Q; C Q* in B.3 Since
countries are symmetric, we show only the equations for A noting that for each of these there is an
analogous equation for B.

Households behave identically in both countries and have Dixit-Stiglitz preferences with sym-

metric elasticity of substitution 6 > 0. Household’s demand for variety o is given by & (@) =

3We use an * to differentiate B variables from A variables.



(p:(@)/P,)~0C;, where C, is the basket of goods consumed by the household aggregated over ©;,
P, is A’s aggregate price index and p;(®) is the nominal price of variety @, inclusive of iceberg
trade costs and tariffs if imported.

Production takes place under monopolistic competition. Upon entry, firms must pay a sunk
entry cost fr in units of effective labor. Afterward, firms draw their relative productivity level z
from the known distribution of productivities G(z).* Once their productivity is known, it remains
fixed forever. Firms can then decide whether to begin production or exit.

Each firm produces a single variety @ using labor as the only factor of production. Profit
maximization implies that the optimal real price for each good sold domestically is a mark-up over
marginal cost given by pp ; = % % where wy is the real wage, z is the relative firm’s productivity

and Z; is a measure of aggregate productivity. Hence, real profits are dADJ = é ﬁltheCt.

2.2 Firms’ Export Profits with Revenue Tariffs

Firms in country A with high enough relative productivity can sell their goods domestically or in
the export market. To enter the export market firms must pay on a period by period basis a fixed

cost fx, an iceberg trade cost 7;, and an ad valorem revenue tariff y; > 0 imposed by country

B. Let px ; be the tariff inclusive real price set by A’s exporting firms, so that px ; = 1?_1}/,* is the
! t

net-of-tariff real price received by the firm. Then, exporters’ real profits in A are obtained from

solving:

Wth,t
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where Q; is the bilateral consumption based real exchange rate that translates B units of consump-
tion into A’s units, and Yy ; is the amount produced of variety @ to be exported to country B.
Note that these profits are obtained using the net-of-tariff revenue of the firm, py ,¥;. In contrast,

if the tariffs were introduced as a part of the variable costs, then profits become:

Wth,z
Z

1 Tw (1 + )
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In this case, profits are computed using revenue paid by consumers px ;Y;. As a result, profits

4Following Ghironi and Melitz (2005) this is a Pareto distribution with shape parameter k and lower bound of z,,;;,.
3Since firms behave monopolistically the amount of production is enough to satisfy its demand so Yx; =
(px.(@)(1+ ;) /PF) =0 with ¥;* standing for the aggregate demand in country B.

4



obtained in equation 2 are different from profits gained in equation 1. By the same token, the
zero export profit condition that determines which firms can export would also be different in both
cases. In particular, exporting becomes more expensive with revenue tariffs than with tariffs in
variable costs (see Caliendo et al. (2015)).

This is also true in this model, unless there is a full rebate of tariffs to households in line with
Caliendo et al. (2015) who shows that a full rebate of tariffs assuming the household uses these
resources to acquire more goods produced abroad makes the difference between equation 1 and 2
immaterial. To show this, multiply equation 1 by 1 + y;* and note that the amount collected from
each exporting firm to be distributed to households in the other country is ¥, px ;Yx ;. Then, export

profits become:

1 TiWy
2z

) Yx;— wif: X”} + ¥ px .Yy 3)

(14+y )dx; = (1+y;) |:Qt (PX,t -0 Z

The revenue paid by the household is now px ;Yx ; which implies:

Tw, We Ix
dx = O {PXt Q;l : t} Xt~ tg u “4)
t
Now, in the case of tariffs introduced in the variable costs the rebate will be T’W’é )YX E
N owr(T+y)) wifxs | Twe (W)
dys = o LRV |y WX, vy 5
X = O {PX +— 0 Z Xt 7 + Z Xt )
T Wy wy fx *
—Qt{pXt—Q,l Z[} Xe == (©)

As a result of the rebate, the profits of the exporting firms are similar whether revenue or cost
tariffs are used as shown by equation 4 and 6.
Solving the profit maximization problem, as described by equation 1, the optimal price set by

the exporting firm is:

_ DPx 1 _ 60 0 Wt
1+ll’l* 8—1 ! ZZ[

Px 1 (7

Then, net-of-tariff real profits are:
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2.3 Average Productivity and Firms’ Entry and Exit

In every period, there is a mass N; of firms producing domestically. Since each firm produces a
single variety, the share of exporting firms NNLI’ is 1 — G(zx ) and, as in Ghironi and Melitz (2005),
zxy =inf{z:dx,; > 0}.

Following Melitz (2003), because of the Pareto distribution assumption, the average produc-
tivity of all firms in A is Zp = uzyin; and the average productivity of country A’s exporting firms
I8 Zx; = MZX,1.6 Finally, define pp,(Zp) as the optimal average real prices of goods sold domesti-
cally and px ;(Zx ;) as the net-of-tariff price received by country A’s exporting firms when selling
abroad.

Given this real average prices, the price index for country A becomes P,1 —0 = Np(pp:(Zp)) =04
Nx (P +(2x.1)) 1-6 where Px ;(Zx 1) is the average real price inclusive of tariffs that the consumers
pay for goods produced abroad.

From the definition of average productivities, the share of exporting firms in A is given by

N Xt
There is a number Ng ; of possible entrants at each 7. Once a firm enters, it will start production

k oA N
N _ (”ﬁzﬂ) . Hence, total profits in A become d; = dp; + NNL;’dX’,.

the next period. All firms face an exogenous death shock 0 at every period so that the total number
of firms producing at 7 is given by N; = (1 — 6) [N;—1 + Ng—1]. Following Ghironi and Melitz
(2005) all entrants can correctly anticipate future expected profits. Hence, entry in the domestic
market will occur until the present discounted value of all future expected profits equals the entry
cost W’Z—]:E

In turn, entry in the export market requires the net-of-tariff export profits for the cut-off firm to

be equal to zero, which implies the following entry condition:

A 6—1 ud! W fx t
dX,l - %\ 0
ko (1+vy)? Z

(€))




2.4 Household Intertemporal Problem

The representative household maximizes the present value of utility, discounted at rate 1 > 8 > 0
with intertemporal elasticity of substitution ¥ > 0. At the beginning of each period, the household
owns two types of assets: risk-free bonds (B;) and shares (x;) in a mutual fund composed by all
domestic firms. The first pays a real return r; > 0 which is known with certainty in the previous
period. The shares pay dividends equal to the average total profit of all producing firms in A at
time 7. When acquiring the shares, it is unknown which firms will survive the death shock 6, so
the household buys shares from all producing firms plus all new entrants.

As aresult, household’s income comes from wages earned at ¢ plus interests paid by the bonds,
dividends gained from their holdings of shares, and a lump-sum transfer 7; = l,tl,Nj?’t ( ﬁ?{,r) I_GY)}"J
to the household equivalent to a full rebate of tariffs as in Caliendo et al. (2015). This income is
used for consumption and to acquire new shares (x;4.1) and bonds (B;1) to carry out in the next

period. This translates into the following budget constraint:

Biy1+ViNg X1 +C = (141)B; + (d; + V,)Nyx, + T, +w,L (10)

where Ny ; = N; + Ng 4 is the total number of domestic firms.

As we saw above from equations 4 and 6, with a full rebate of tariffs and under the assumption
that it is used to acquire only foreign goods, profits with ad-valorem revenue tariffs do not differ
from those obtained with either a cost tariff or only iceberg costs resulting in similar dynamics.
However, it is quite unlikely that households use the rebate exclusively to buy foreign goods.
Hence, we assume that a full rebate of tariffs takes place with no restrictions on how consumers
use the extra income in line with Barattieri et al. (2018); i.e. consumers can use it either to acquire
domestically produced goods or imported goods.

Lastly, as in the baseline case of Ghironi and Melitz (2005) we assume financial autarky which

implies balance trade so that in the steady-state B;y; = B; = 0 and x;+1 = x; = 1 must hold.”

2.5 Calibration

The model is calibrated to the U.S. economy following Ghironi and Melitz (2005). Hence, we
set B =0.99, and y = 2 according to the business cycle literature. We let 8 be equal to 3.8 as in
Bernard et al. (2003) and 6 = 0.025 to enable the model to replicate the 10 percent job loss in the

"The full set of equilibrium conditions is described in Appendix B.



U.S. per year. Following Demidova (2008) the shape parameter of the Pareto distribution & is equal
to 3.3 so that the standard deviation of the log of plant sales in the model is equal to 0.84, which
corresponds to the one obtained by Bernard et al. (2003) in their simulations. In turn, the lower
bound of this distribution z,,;, is set to one so that the average productivity of all exporting firms in
each country (Zp, Zj,) is equal to the mean of the Pareto distribution.

Following Ghironi and Melitz (2005), the iceberg trade costs in countries A and B (7 and
7*) are equal to 1.3 while the fixed export costs (fy and fy) are calibrated to match the ratio of
exporting firms in the U.S. of 23.5 percent as in Bernard et al. (2003). Without loss of generality,
the sunk entry cost to the domestic market (Fg and Fy), the labor supply (L and L*), the aggregate
productivity (Z and Z*) and the real exchange rate (Q) are set equal to 1.

We set the steady-state value of tariffs (y and y*) 3.3 percent, which is average of the most
favored nation (MFN) ad valorem tariffs imposed by the United States in 2018 according to the
WTO world tariff profiles of 2019.% Finally, r = r* = [l; —1.

The assumption that Q = 1 implies that there exists a unique symmetric steady-state. Hence,
the model is solved by log-linearizing the system equilibrium conditions assuming log-normality
and homoscedasticity of the exogenous shocks. The dynamics of the model are obtained using the
method of undetermined coefficients.

In turn, calibrating the persistence of tariffs is not an easy task. Specifically, persistency of the
most recently imposed tariffs by the U.S. cannot be estimated yet since they mostly took place in
2018 and 2019, and while some remain active, others have been modified or even suspended. Also,
long time-series data for tariffs are hard to come by, although some works have put a lot of effort
in putting together long datasets on tariffs (see Furceri et al. (2018) and Barattieri et al. (2018)).
Hence, I follow Jacquinot et al. (2020) and Bergin and Corsetti (2020) and assume that the tariff
shock follows the process y; = 0.9y;_1 + & for all # > 0, which implies a persistency of 10 years

as in the mentioned works.

3 Results

This section describes the results of the model in two different scenarios. First, we assume that
country A raises tariffs and B does not retaliate. This will serve as a basis to see if there are some
gains from imposing higher tariffs, and at what horizon, explain why one country would be willing
to take such action. Second, both A and B increase tariffs.

Before discussing the transmission channels, it is essential to mention that both countries will

$https://www.wto.org/english/res_e/publications_e/world_tariff_profiles19_e.htm.
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feel the effects of higher tariffs through changes in the demand for imports after the shock. We
assume that the increase of tariffs is unexpected by all agents who from that moment on have

perfect foresight.

3.1 The No-Retaliation Scenario

The impact of a 1 percent increase in tariffs is shown in Figure 1.° At the time of the shock,
the unexpected increase in tariffs to country B’s exports causes a significant drop in the number
of exporting firms (Ny). Since only the most productive firms can sell their goods abroad, this
increases the export productivity cut-off (zy ), which leads to a fall in the net-of-tariff export price
(py) and in export profits (dy).

Firms that can no longer export sell goods internally, which increases the supply of nontraded
goods (¥5). This reduces domestic prices (pj,) and profits (dz;).lo

Furthermore, the decline in pj, and py pressures real wages (wx*) down whilst the fall in Ny and
dy prevails over the increase in dj, cutting down total profits *. Hence, the increase in export tariffs
causes a reduction in household income that is reflected by a contraction of aggregate consumption
(C*) and in real GDP.

In turn, country A is affected by the increase in tariffs via the deterioration of demand in B.
Foreign demand for goods produced in A falls due to a rise in relative export markets (RPX/py,
where we denote the tariff-inclusive price as RPX to quickly identify it in the graphs), reducing the
number of exporting firms (Nx) and driving the export productivity cut-off (zx) up. As a result, the
production of traded goods (Yy) drops while export prices (px) rise (note that these effects are of a
lower magnitude than the ones observed in country B).

In addition, the imposition of higher tariffs pushes the import prices, which raises the demand
for domestically produced goods since exports are now relatively more expensive than domestic
goods: RPX™* /pp rises. This reallocation from relatively more productive foreign producers to less
productive domestic producers drives domestic prices down. This switch in expenditure towards
domestic goods increases production (Yp) and profits of firms selling domestically (dp), leading to
arise in GDP.

9The complete set of impulse responses is shown in Appendix C.
19The number of producing firms (N;) does not change at the time of the shock since this variable is determined
by firms and entrants that survived the death shock in ¢ — 1.

9
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Figure 1: Response to a Temporary Rise in Tariffs to Exports from Country B
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Lower pp and px push real wages (w) down in country A as well. However, consumption
falls at the time of the shock because households will initially direct more resources to finance
the entrance of new firms at time ¢ (big increase in NE;). Still, it recovers and becomes positive
two years after the shock. Also, the revenue from tariffs prevails over the fall in wages, increasing
aggregate consumption (C) and real GDP. Finally, the real exchange rate (Q) depreciates so that
the balance trade condition holds at every ¢.

The fact that income moves in different directions in each country helps explain the difference
in the magnitude of the effects across these countries. For instance, the imposition of higher
revenue tariffs makes exporting more expensive in country B since both the cut-off productivity
and the fixed cost of entry are higher (see equation 9). This, together with the fact that former
exporters are now selling domestically, reduces investment in shares and mutual funds in country
B so that the number of entrants (Ny) drops.

In contrast, since country A is not facing higher tariffs, the adverse effects observed are smaller.
Even though the deterioration of B’s economy reduces demand for goods produced in A, the in-
come effect described above dominates so that investment in shares and mutual funds in country
A rises, leading to an upturn in the number of entrants (Ng).

Therefore, from the point of view of country A, being the first to raise tariffs could bring about
some economic gains (defined as higher GDP) due to expenditure switching towards domestically
produced goods. This result is consistent with the empirical findings of Fajgelbaum et al. (2019)
who show that if there is no retaliation, the U.S. can profit from imposing higher tariffs. How-
ever, in the model, country A’s gain comes from assuming that the proceeds from tariffs are fully
distributed to the households. If no rebate were available, there would not be any gain.!!

Note that the lump-sum transfer from tariffs revenue implies a significant difference in the dy-
namics of consumption and GDP. On the one hand, the extra income distributed to the households
in country A allows them to finance the entry of new firms. Later on, the transfer also contributes
to a sustained recovery of aggregate consumption. On the other hand, the transfer also supports

country A’s GDP via higher household income.

"'We also consider the case where consumers can acquire shares from foreign firms. The results remain practically
similar since the negative effect in the number of exporting firms and export profits dominates any possible increase
in household income coming from shares ownership.
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Figure 2: Response to a Temporary Rise in Tariffs in Countries A and B
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3.2 Retaliation

Figure 2 shows that if country B retaliates with a similar increase in tariffs, both economies will
experience a negative impact on firm dynamics, consumption, and GDP (only country A variables
are shown in Figure 2, those for B are identical due to the symmetry of the model). When both
countries raise tariffs, it drives more firms to abandon the export market and sell their products
domestically. This causes an increase in domestic supply, which pushes domestic prices and wages
down. Also, the cut-off export productivity rises even more since there are fewer exporting firms.

Besides, since firms can no longer export, they now sell their products domestically, driving
domestic prices down. Lower prices also reduce wages while domestic prices increase. Neverthe-
less, the fall in the number of exporting firms together with lower export prices dominates, and
total profits in both countries drop. Finally, consumption and GDP fall in both countries leading to
a fall in the number of new entrants.

In contrast to the no-retaliation case, there are no differences in aggregate consumption and
GDP dynamics. Such a result occurs because the lump-sum transfer of tariffs is not enough to

compensate for the significant negative effects of both countries imposing tariffs.

4 Conclusion

In recent years, the U.S. enacted several measures favoring protectionism, particularly in the form
of higher import tariffs. Hence, it is necessary to assess the impact of a possible return of protec-
tionism on the world economy. The objective of this work is to study the macroeconomic effects
of tariffs using Ghironi and Melitz (2005) two-country model with heterogeneous firms and en-
dogenous trade but augmented with revenue tariffs and assuming that the proceeds from tariffs are
distributed to the households via a lump-sum transfer.

This work shows that in a no retaliation scenario, the model provides results in line with those
of Fajgelbaum et al. (2019) in the sense that the country that increases tariffs obtains a small gain
(increase in GDP) while the other country suffers an economic contraction. This occurs because
the country that did not raise tariffs experiences a more significant number of firms abandoning
the export market. Also, the increase in the price of its exports reduces its demand abroad, which
deteriorates household income. As a result, consumption and output fall in that country. In contrast,
household income in the country that rose tariffs is higher due to the lump-sum transfer from tariffs.
This higher income raises the demand for domestically produced goods and, by the same token,
domestic production and profits. As a result, GDP increases in this country.

However, when both countries raise tariffs, the fall in the number of exporting firms and the
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increase in the cut-off export productivity is significantly higher than in the previous scenario in
both countries. Despite that expenditure switches towards domestically produced goods driving
profits up, the drop in export profits overcomes this effect pushing total profits down within each
country. This translates into lower household income so that consumption and output plunge in
both economies. '?

Finally, it is essential to note that since the model is calibrated for the U.S. economy and
an identical trade partner, the results may be sensitive to a different calibration. In particular,
the magnitude and persistency of firms’ dynamics and consumption could change if the model
is calibrated for countries with different sizes (asymmetric equilibrium). In addition, the model
does not consider other factors that may affect the results. For example, an increase in trade
policy uncertainty reduces investment, particularly of exporting firms and output (see Caldara et al.

(2020)), labor market frictions, price rigidities, etc.
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A Model Description

We show the model for the country A noting that by symmetry there are analogous solutions for
country B.

A.1 Intratemporal Solution

Define 0 as the intratemporal elasticity of substitution across varieties in country A. Then, as is
typical in the business cycle literature country A representative household first solve:

Then the demand for variety ® is:

c(@) = (pt(m)ec, A1)

CES aggregation over varieties implies that the price index at country A can be expressed as:

p= V p,(a))l_eda)} o (A.2)
wey

All firms behave monopolistically, each producing one variety @ with the linear technology
y(w); = zZ;L,, where z is the relative productivity level, Z; indexes aggregate labor productivity,
and L, is firm’s labor demand.

Country A firms selling in the domestic market solve:

W; | pr—9
d, = -——|= C(
max d; [Px,z ZZz] P t

-6
where we use the fact that y(w); = ¢;(®) = (%lw)) C.
The solutions to profit maximization implies that the price set by each firm would be a function
of its relative productivity level z. Let w, = W, /F; be the real wage, then, optimal real price is:

0] Wy

pi(z) = -1z (A.3)
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This implies that the real profits of firms in country A selling domestically are:

N 1
1-6
dps(z) = gp(2) G (A4)
Firms desiring to enter the export market must face both a fixed cost w; fx ;/Z; expressed in
units of effective labor, an iceberg-melting cost 7; and an ad valorem revenue tariff y;. To cover
the exporting real fixed cost, firms hire labor from their own domestic country. Once a firm has
entered the export market it exhibits a pricing to market behavior. Then, a country A exporting
firm solves:

ﬁ] PXa70 o Wifxa

ZZz

maxdy ; = -0 1
X = O {PX,t o % P t Z

PF . . . . .
where Q; = SfFI, is the real exchange rate and S; is the nominal exchange rate. As seen in section

2, px = IPJF—X,"{,’Z is the net-of-tariff export price and y; is the ad valorem revenue tariff.
Then, the optimal prices set by the exporting firms in real terms is:

N 1 0 Tw
mﬁszﬂngéf (A.5)

A.2 Firm Dynamics, Average Prices and Average Profits

The solution to the firm s problem implies that prices and profits depend on each firm specific
productivity level z. The model assumes that before production starts firms in country A and B must
draw their productivity level z and z* from a standard distribution G(z).!> Once this productivity
level is drawn it will remain fixed. This implies that firms will be heterogeneous in the sense that
they will have different productivity levels.!*

Producing implies that firms must face a sunk entry cost measured in effective units of labor
equal to wy f& ; /Z;. These costs are paid period by period by the firms and hence are excluded from
the profit computation. Then, a productivity level z,,;, exists such that dp ;(zmin) = 0. Therefore,
any firm with productivity level below z,,;, will never produce. Also, since exporting firms must
pay a fixed cost then this will define a cut-off productivity level zx, such that Dx,(zx,) = 0.
This zx ; represents the minimum productivity level needed to enter the export market. Note that
Zmin < 2x ¢ SO that exporting firms can sell in both domestic and export markets.!?

Once a firm has decided to start producing it will require one period to build up. Then, a firm
initiating activities at time ¢ will start producing at # + 1. At every ¢ there exists and exogenous

13Ghironi and Melitz (2005) provide an excellent description of such distribution. Here I follow all their assump-
tions.

14These differences also imply differences in the technology used by the firms.

150ne important assumption is that G(z) has support in the interval (Zin,).
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exit shock that occurs with fixed probability 8, and an unlimited number of firms are expecting to
enter, we denote these firms by Ng, . These possible entrants are forward looking and correctly
estimate the present discounted value of all their future profits.

There is a number of producing firms N; in every period. Then, the total number of firms in
each country at time 7 is given by the number of firms that survive the previous period exit shock!®
and the firms that entered in # — 1. This implies that:

Ny =(1—-06)[N—1 +Ng;—1] (A.6)

Now, as noted in Ghironi and Melitz (2005) G(z) can also be thought of as the productivity
distribution of all country A producing firms. If the productivity level needed to enter the exporting
market is known, it is possible to determine the number of exporting firms in each country; i.e.,
given zy; the number of exporting firms is Ny, = [1 — G(zx;)]N;. Following these authors, two
special average productivity levels are defined:

5p = { / w zeldG(z)] o (A.7)
s 1 = 61 o
Xt = |:T(ZXJ) /ZXJZ dG(Z)} (A.8)

where Zp is the average productivity level of all firms in country A, and Zx ; is the average produc-
tivity level of all firms in country A exporting to B.

Define pp; = pp,(Zp) as the real average price of country A goods sold domestically and
Px.: = px.:(Zx,) as the real average price that households in country B pay for goods produced in
A. Then, the price index must express the price of all domestic firms selling domestically plus the
price of goods bought from abroad. In real terms the price index is:

1=Ni(pps)' "% + N5, (px.)' 8 (A.9)

In the same way, we define a?D,t as the average real domestic profits, and a?XJ as average real
export profits. Thus, total profits of all firms producing in country A are:

~ ~ N- ~
dy = dp, + =L dy, (A.10)
N,

where Ny ;/N; = 1 — G(zx ) is the fraction of exporting firms in A and B respectively.

16The probability of survival is given by 1 — §.
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Firms will continue entering the domestic market up to the point where the average value of
the firm, V;, equals the entry cost:!” providing us with the "free entry" condition

~ Wi fE 1 A
S —’ .1 1
! Z; ( )

Productivity levels z are parameterized as in Ghironi and Melitz (2005): G(z) is a Pareto
distribution with lower bound z,,;,, and shape parameter k > 6 — 1. Total average productivity

Zp=k/(k—0+ l)ﬁ]zmin. Average productivity of exporters is Zy ; = [k/(k— 0 + 1)ﬁ]zX7,, and
the share of exporting firms is Ny /N, = {[k/(k— 6 + l)ﬁ]zmin/fx,,}k.
Then, the zero export profits condition becomes:

6—1 ud! W fx t
kK (1+yH)? Zz

dy = (A.12)

A.3 Intertemporal Solution

The representative household solves:

) 1—
c 7

LBy

s=t

s.t. Biy1+ViNg iXip1 +Cr = (1411)Bi + (Cit + Vi )Nexe + T +wi L

max E;

where B are risk-free domestic bonds, x denotes shares in a mutual fund of firms in A, r; is the
real interest rate, d; represents average firm profits, and V; is the amount of shares hold by the
representative household, and Ny ; = N; + N ; is total number domestic firms. Note that consumers
have no information about which firm will be affected by the exit inducing shock forcing them to
invest in all the surviving firms at the end of # — 1 and all the new entrants at the beginning of time
t. T; is the rebate of tariffs equal to YNy , (Px L

The first order conditions are: 7 ’

C, "=B(1+r)E [C;ﬂ (A.13)
N Cr1\ 7, .
Vv, =B(1-90)E <c ) (di 1+ Vi 1) (A.14)
t

Note that solving forward the equation for shares we obtain an expression for the average value

179, is equivalent to the present discounted value of all future profits.
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of firms (expected discounted value of all future profits). This implies that the average value of the
firm is:

s £ oo (S2)

s=t+1 Cf

As in Ghironi and Melitz (2005) baseline model, we assume financial autarky which implies
the following expression for aggregate accounting:

C; =wiL+Nid, — Ng Vi + WiNy , (Px )" °Y%, (A.15)

Also, financial autarky implies balance trade so that exports from A to B must be equal to
exports from B to A when expressed in the same units of consumption, i.e.

OiNx«(Pxs)' %%, = Nx,(Px ) OYxs (A.16)

Lastly, note that Q; is the welfare based real exchange rate; i.e., it measures households’ welfare
change when consuming goods produced in A and B. Then, as shown by Ghironi and Melitz (2005)
Q; could respond differently to shocks than the CPI based real exchange rate which measures the
cost of the basket in country B in terms of the basket of country A. To analyze the impact of tariffs
in the CPI based real exchange rate (Qav hereafter) such authors proposed to decompose the price
indices into components representing average prices and varieties:

1

ND7;+N* 0—1
S y
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B Equilibrium Conditions

Real Domestic Profits:

Real Export Profits:

Total Real Profits

Price Indices:

Free Entry Condition:

dy ;=

*

Xt —

1 X -
dD,t = EPDJ (ZD)1 GCt

* 1 * —
dD,tzng,t(ZD>l GCt*

lQ PXJ(ZX,z)l_e B we fx
0~ (1+y)e Mz
1 psk(,t(zéﬁ(,t)lie " W;kf)?,t

06 (1+w)? Xz

Nx
d,=d ~d
t D+ N, Xt
Ny,
G = dy, o,

U= [Mipoa(0)' =+ N3 i, 35 )

1= |Nphy(5)" 0+ Napxa(aes)' |

Number of Producing Firms:

Wth,z
Vy =
Z
* Lk
_ WiEs
t *
Z
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Np;=(1—0)[Ni—1 +Ng 1]
NE,I = (1 - 5)[Nt*71 +Ng,t71]

Free Entry Condition Export Market:

Share of exporting firms:

Euler condition for bonds:

Euler condition for shares:

Aggregate accounting:

~ 0—-1 I/te_l WthJ
dX,l: \0

ko (1+y)° Z
N~ 0—1 W%t wify,
dX,z: :

kK (1+y)? Z

2d
fat 3
Xt

() =B +r)E(CL)
() =B +r)E(CL)

v =B(1—9)E;

v, =B(1—-0)E,

G =wiL; +d;N; — VtNE,t + %N;,z(ﬁ;{,t)lieYX*,z
G = WiLi +dIN; VNG, + 97 N ()T
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Balance trade:

OiNx s (Px4)' Y%, = Nx . (Px.)' Y, (B.24)

B.1 Market Clearing

Following Ghironi and Melitz (2005) we know that the total amount of labor hired to produce
goods for the domestic market is given by:

0—1

Wy

Ip; (z) =

Nydp(z) (B.25)

Similarly, let Iy ; represent the amount of labor hired to produce goods for the export market in
country A. Then, real profits earned from selling abroad by a firm with productivity z are:

71
£ ZX’t(l—f-llft)—thX’t—W &

B.26
o 'z (B.26)

dX,t = Qtﬁx,t (Z)

Keep in mind that the amount produced is zZ;lx ; but due to iceberg-cost and revenue tariffs

the amount sold is ZZ;#(l + ;). Using optimal pricing as well as the zero export profit condition,

and after some algebra we get that the total amount hired by the average exporting firm to sell in
the export market is:

Ix (B.27)

_ 01 dxa | Sxa
1"‘01// We Zl‘

Multiplying this equation by Nx ; we get the total amount hired to sell in the export market.
Then, the sum of the total labor hired to sell in the domestic market, plus the one hired to sell in the
export market, plus the amount of labor hired by the total number of entrants at time ¢ we obtain
aggregate labor demand in county A:

} +Ng, L5 (B.28)

L —
t Zt

0—1 0—1 |dx; [fx:
Nid ’ "
W t D,t(Z)+1+9w { 0, + 72

As in Ghironi and Melitz (2005), equalizing L, to labor supply (L) we obtain country A’s labor
market equilibrium condition.
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1

C The No Retaliation Scenario

Figure C.1: Response to a Temporary Rise in Tariffs to Exports from Country B
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