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ABSTRACT

THE DYNAMIC AND DISTRIBUTIONAL
ASPECTS OF IMPORT TARIFFS

Wolfgang Lechthaler and Mariya Mileva

We use a dynamic trade model with two sectors and two types of workers to analyze the optimal
setting of income-generating tariffs. This approach allows us to take account of adjustment
dynamics, distributional aspects and the time horizon of policy makers and workers. In response to
a unilateral increase in tariffs aggregate consumption increases only sluggishly so that policy
makers with a short time horizon tend to set lower tariffs. Workers” preferences for tariffs depend
on the sector where they are employed as well as their skill class, with the relative weight of both
aspects determined by the time horizon of the workers. Unskilled workers in the unskilled-
intensive sector are the ones most in favor of protectionism and might even benefit from a trade
war.
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1 Introduction

Motivated by the surge in protectionist tendencies on cagmp@ails all over developed countries, we take
a fresh look at the optimal setting of and the preferencesftyme-generating tariffs. To do so we use a
dynamic model with two countries, two factors, two sectersjogenous firm entry and firm heterogeneity.
This allows us to draw a rich picture of the dynamic distriboal aspects of import tariffs.We find that
the preferences for tariffs depend on the sector where thiarns employed as well as her skill class, with
the relative weight of both aspects determined by the timepaetive of the worker. For a worker who is
more concerned about the immediate future the sector of@mant is more important, for a worker who
is more concerned about long-run outcomes the skill-ckassare relevant. The workers most in favor of
tariffs are the unskilled workers in the unskilled-intesessector.

The analysis of the setting of optimal tariffs has a longitiad in the trade literature. One short-coming
of this literature is that it is typically based on static reted This is a short-coming for at least two reasons.
On the one hand, adjustment dynamics are ignored. On the ludinel, tariffs are typically set by elected
politicians who tend to care more about the next couple ofs/éizan the infinite future (the new steady
state). So, focusing on purely static models might yieldlaapible policy conclusions.

Two recent papers (Larch and Lechthaler (2013) and Leddtimrthcoming)) try to close this gap by
analyzing the setting of tariffs in a dynamic version of thelltz (2003) model. Both papers consistently
find that a shorter time horizon implies lower optimal tagifbecause the short-run effects of higher tariffs
are worse than the long-run effects. However, in both pagistsbutional aspects are missing because they
rely on the representative agent framework of the MelitzdeioThus there is only once sector and only one
factor of production and each household is affected eqglighanging tariffs. This is at odds with recent
evidence showing that workers employed in import-compesactors were especially adversely affected by
trade liberalization with China (see, e.g., Autor, Dornd &anson (2013), Dauth, Findeisen, and Suedekum
(2014), Ebenstein, Harrison, McMillan, and Phillips (2088 Pierce and Schott (2016)).

To be able to capture this differential exposure of workermiternational trade as well as the sluggish

adjustment of an economy after a trade shock and the pdtsintig-sightedness of policy makers, we use the

IFelbermayr, Jung, and Larch (2013) have shown that inaiufiim heterogeneity is crucial when analyzing optimal farifecause
the restriction to homogenous goods shuts off an importaaicel.



dynamic version of the model of Bernard, Redding, and SqR6t17) developed in Lechthaler and Mileva
(2013), augmented by income-generating tariffs. The mfedglires two factors of production, skilled and
unskilled workers, two sectors that use both factors witfedint intensities and two countries with different
endowments of skilled vs. unskilled workers. The model ihcated to broadly match important features
of the two economies of the US and China.

Following Ossa (2014) we first analyze unilaterally optitaailffs, i.e., the optimal US-tariff under the
assumption that the Chinese tariff does not change. In nsgp an increase in the US-tariff, aggregate
US-consumption increases permanently, but due to enhdinceshvestment the increase is very sluggish.
Thus as in Larch and Lechthaler (2013) and Lechthaler (fortting) a policy maker who is interested in
maximizing aggregate consumption sets a lower tariff tregteh his time horizon.

However, workers are very differently affected by the fartrease. In the short run, workers in the
skill-intensive sector lose because an increase in tgréfsally unwinds the economy’s specialization in its
comparative advantage sector while workers in the unskiti¢ensive sector gain (the US has a comparative
advantage in skill-intensive production, because it higively more skilled workers than China). In the
long run, skilled workers lose while unskilled workers gdiacause the unwinding of specialization reduces
the relative demand for skilled workers.

These effects, of course, perfectly resemble the well-kmStolper-Samuelson and Ricardo-Viner the-
orems. However, we combine both aspects in a unified framearat bring them together with preferences
for trade protection and a worker’s time perspective. Thisneither solely the skill-class of a worker nor
the sector where she is employed that determines her pnefefer tariffs, but rather a combination of both,
with the time perspective of the worker determining thesprective weights.

Thus a skilled worker in the unskilled-intensive sector imigrefer free trade if she has a long-term
perspective but favor tariffs if she has a sufficiently shertn perspective. In contrast, an unskilled worker
in the skill-intensive sector favors lower tariffs when $tas a short-term perspective but a higher tariff when
she has a long-run perspective. As expected, unskilledeveik the unskilled-intensive sector are the ones
most in favor of tariffs and even more so if they have a shemttperspective.

It is often argued that the fear of retaliation prevents framsing tariffs because in a trade war in which

both countries raise their tariff both countries would suffiower welfare. Although from an aggregate



perspective this is still true in our model, our analysissaduance to this outcome. In the Nash-equilibrium
of a non-cooperative game (a “trade war” in the terminolofjpesa (2014)), aggregate consumption and
the consumption of most worker-groups are lower than in taeis quo but this is not true for the unskilled

workers in the unskilled-intensive sector. Although trnsumption in the new steady state with higher
tariffs is basically the same as in the old steady statendufie transition period they enjoy substantial,
albeit temporary gains in consumption. Thus even thougletiomomy as whole would suffer from a trade

war, some workers still gain and are thus willing to supparirerease in tariffs even in the face of potential

retaliation.

Our paper connects to three different strands of the liteeatFirst, the large literature on the setting
of Nash-equilibrium and optimal tariffs, see, e.g., Krugn{991), Bond and Syropoulos (1996), Bagwell
and Staiger (1999), Yi (2000), Ornelas (2005), DemidovaRadriguez-Clare (2009), Felbermayr, Jung,
and Larch (2013), or Ossa (2014). Second, the literatutesatielyzes the effects of trade with China, e.g.,
Autor, Dorn, and Hanson (2013), Dauth, Findeisen, and Saed€¢2014), Ebenstein, Harrison, McMillan,
and Phillips (2009) or Pierce and Schott (2016). And finatg relatively young but growing literature
on the dynamic adjustment to trade shocks, see, e.g., Aldsaaand Choi (2014), Burstein and Melitz
(2013), Cacciatore (2014), Cacciatore and Ghironi (20C8sar (2013), Dix-Carneiro (2014) or Kam-
bourov (2009). None of these papers, however, has condidleecjoint analysis of tariffs in a dynamic
setting with inter-industry trade.

The rest of the paper is structured as follows. Section 2riescthe model. Section 3 discusses the
dynamic adjustment of aggregate variables in response iloca@ase in tariffs, and the role of the policy-
maker’s planning horizon for the optimal unilateral taribection 4 analyzes the dynamic adjustment of
worker-specific variables and worker-specific preferefficetariffs. Section 5 discusses Nash-equilibrium

tariffs (“trade wars”), section 6 sector-specific taritisid section 7 concludes.



2 Theoretical model

Our model economy consists of two countries, Home (H) anceigar(F). Each country produces two
goods, good and goodJ . The production of each good requires two inputs, skilled anskilled labor.
The sector that produces go&ds skill-intensive, i.e., the production of go&lrequires relatively more
skilled labor than the production of god#l Country H has a comparative advantage in producing good
Sbecause it has a higher relative endowment of skilled laBomilarly, F has a comparative advantage in
sectorU because it has a higher relative endowment of unskilledrlaMe assume that unskilled labor is
more abundant than skilled labor in both countries in ordgenerate a positive skill-premiufrin the long

run, all factors of production are assumed to be perfectlpitadetween sectors but not across countries.
However, throughout most of the paper we assume that woakerisnperfectly mobile across sectors in the

short run? In the following we describe all the decision problems in Hywalent equations hold for F.

2.1 Households

In our model there are four types of workers, skilled workiarsectorS, skilled workers in sectdd and
likewise for unskilled workers. In the following we desagithe problem of skilled workers, but equivalent
equations hold for unskilled workers.

The household of skilled workers active in sedter SU maximizes the present discounted value of

utility derived from consumption:

E {ki Vi10g (C.1) st} , 1)

whereCy , , is the aggregate consumption bungiés the subjective discount factor aBglis the number

of skilled workers in the household. The household face$dt@ving intertemporal budget constraint:

n 2 n 2 X
Bii1+ 5 (Bii1) +QtB§,it+1+Qt§ (BSiri1) +CiSt = (1+10)B} + Qu(1+1{)B2 j + W5 St + M Se + T2+ TS,

2
(2)

whereB; are holdings of domestic bond3§7it are holdings of foreign bonds, is the cost of adjusting

2What matters for comparative advantage are relative enémisnso skilled labor can be scarce in both countries.
3In section 8 in the appendix we consider the case of perfant-sin mobility across sectors as well as the case of enminge
skill formation.



bond holdingsQ is the real exchange ratg, is the interest ratey;; is the wage[l; are the transfers of
a mutual fund to be described further below, dftdis the tariff-income per worker that the government
transfers to domestic workers in a lump-sum fashion. Theé @badjusting bond holdings is used to pin
down steady state bonds to zero and to get a well-definedyss¢até? As is standard, the costs of adjusting
bond holdings are assumed to be reimbursed to the house(ﬁﬁkjandn is set to a small enough level so
that adjustment dynamics are not affected.

The household choos€§, B}, ; andBS ;; , ;. The first order conditions yield:

(CH H(1+nBY,) = yE {( ﬁ+1)_1(1+rt+1)}7

CH 1+ nBii1) = VE {(CistJrl)_l <1+rt*+l%>} : (3)

which are standard consumption Euler equations (for foraigd domestic bonds).

The composition of the aggregate consumption bundle is dheedor all workers; only the quantity
of consumed goods differs across workers. Therefore, ifidlf@mving description we omit the indices for
workers to avoid cumbersome notation. The aggregate cqutsambundleC; is a Cobb-Douglas composite

of the goods produced in the two sectors:

C =Cg°Cy (4)

whereds is the share of goo8in the consumption bundle for both H and F angd= 1 — as. We can obtain
relative demand functions for each good from the expengiwinimization problem of a household. The

implied demand functions are:

Cq = as%Ct and Cyt = au %Cn (5)

Py ) 9s R au . . . . .
whereR = (—3) (—t) is the price index that buys one unit of the aggregate consambpundleC;.

as ay

GoodsSandU are consumption bundles defined over a continuum of vasi€ie

Ci=|[ ol Paw] " ©

4See, e.g, GM for more details.



wheref > 1 is the elasticity of substitution between varieties. ¥tes are internationally traded. Thus a
variety can either be produced at home or imported. At angrgfime, only a subset of varieti€ € Q; is

1
available in each sector. The consumption based price iiodeach sector iB; = [fweQi Pit (w)l‘edw} e

N\ —6 . . .
and the household demand for each varietg;is= (%) Cit. It is useful to redefine these in terms
of aggregate consumption units. Let us defme= % and Yy = % as the relative prices for individual
varieties and for the sector bundles, respectively. Thencan rewrite the demand functions for varieties

-6
and sector bundles ag = (%) Cit andCit = qi wiglct, respectively.

2.2 \Worker allocation

Recent empirical evidence indicates that workers are wamabile across sectors in response to trade
shocks (see e.g., Autor, Dorn, and Hanson (2013) Wacziaty\atlack (2004), Autor, Dorn, Hanson, and
Song (2014) and Dix-Carneiro (2014)). Therefore, we assiwatencumbent workers have to stick to their
sector of employment. However, to nevertheless allow forkenreallocation we assume that incumbent
workers retire at an exogenous ratend are replaced by an equal number of newly entering warkéiesse
workers are free in their choice of secfor.

The main factor influencing their choice of sector is the weifferential. Naturally, workers tend to pre-
fer the sector that pays the higher w&gdowever, due to numerical reasons we assume that newlyiregter
workers also need to bear an entry cost for each sector fifiertsdcross sectors and across worKers.

What is relevant for the sector choice is not the absolutigevaf the entry cost, but the difference across
sectors. A worker who has a lower entry cost for sedteends to prefer that sector, other things being equal.
We denote the difference in entry costsdyyith a positive number meaning that the worker can entdéosec
Srelatively cheaply and a negative number meaning that thikevaan enter sectds relatively cheaply.
Every newly entering worker draws her relative entry castrfithe random distributiod(€) with zero mean

and support orf—o, ). We will parameterize the random distribution such thatai$ la negligible effect

5In section 8 in the appendix we will also consider the caseasf mobility of workers across sectors.

6This assumption is in line with empirical evidence in, eRypo and Rosen (2004) who find that the fraction of collegelgates
who are engineers is closely related to a measure of relegisrings prospects in engineering.

“Without this sector entry costs the choice of sector wouldogowell defined in the steady state, because workers arféeirait
between the two sectors in the absence of wage differenfiaditionally, there would be no mechanism assuring thatstieady state
is hit, potentially implying overshooting and oscillatastlynamics.



on the choice of sector, but it simplifies numerical simwaliasi and implies a smooth transition to the new
steady state.

Thus an entering skilled worker will choose to enter se8tir
Vs + & > V. (7)

whereV; is the present discounted value of consumption utility dfikesi worker in sectoi. Equation

7 defines a threshold valeg, for which a worker is indifferent between both sectors:
&5=V5 — V5, (8)

and the share of the newly entering skilled workers that se@ectoSis 1— J(gs). The resulting law of

motion for skilled workers in sect@thus is:
Sa=(1-9% 1+ (1-3E)) s ©)
whereS= Sg + St is the exogenously given total number of skilled workers.

2.3 Production

There are two sectors of production in each country. An eadogs number of firms with heterogeneous
productivity operates in each secfofflo avoid cumbersome notation, we omit a firm-specific indetha
following description of production. The production techogy is assumed to be Cobb-Douglas in the two
inputs of production:

Yie = 2L A (10)

wherez is firm-specific productivity, whil&5; andL;; is the amount of skilled and unskilled labor used by a
firm. B is the share of skilled labor required to produce one unitugpoty; in sectori. SectorSis assumed

to be skill-intensive and sectbr unskilled-intensive which implies that2 3s > By > 0. The labor market

8Felbermayr, Jung, and Larch (2013) have shown that inafuiilim heterogeneity is crucial when analyzing optimal fariifecause
the restriction to homogenous goods shuts off an importaznicel.



is assumed to be perfectly competitive implying that the vesge of both skilled and unskilled workers
equals the values of their marginal products of labor. Initamid workers are perfectly mobile across all
firms in a specific sector which implies that all firms within ec®r pay the same wage. Consequently,
relative labor demand can be described by the following itimmd

Wh B Lit

W, (1-B)St’ (D)

which says that the ratio of the skilled real wageto the unskilled real wage, for sectori is equal to the
ratio of the marginal contribution of each factor in prochgbne additional unit of output. Note that this
condition implies that relative demand for labor is the saomss all firms within a sector. Since relative
demand for labor is independent of firm-specific produgtjgtjuation 11 also holds at the sector level, i.e.,
relative labor demand per sector is entirely determinedhleyrélative wages paid by firms in that sector.
This condition is valid for both sectors.

Firms are heterogeneous in terms of their productityhe productivity differences across firms trans-
late into differences in the marginal cost of production.dglered in the units of the aggregate consumption
bundle, the marginal cost of productiork(w.

Prior to entry, firms are identical and face a sunk entry ¢gathich is produced by skilled and unskilled
labor, equal tdfe (Wﬁ)ﬁi (W‘I )1,& units of aggregate H consumption. Note that entry costs iftam Hetween
sectors due to different factor intensities and due toiséetoral wage differentials. Upon entry firms draw
their productivity levelz from a common distributio®(z) with support onzyin, ). This firm productivity
remains fixed thereafter. As in GM there are no fixed costs oflpetion, so that all firms produce each
period until they are hit by an exit shock, which occurs witlolmability d£(0,1) each period. This exit
shock is independent of the firm’s productivity level,G(z) also represents the productivity distribution of
all producing firms.

Exporting goods to F is costly and involves an iceberg tramg " > 1, an import tarifft; > 1 as well
as a fixed cosfy, again measured in units of effective skilled and unskilidzbr. In real terms, these costs
are fi (W8P (! )l_Bi. The fixed cost of exporting implies that not all firms find ibfitable to export.

All firms face a residual demand curve with constant eldgtici both H and F. They are monopolisti-



cally competitive and set prices as a proportional margghp over marginal cost. Lepy;i(z) and pyit(2)
denote the nominal domestic and export prices of a H firm imoséc We assume that the export prices
are denominated in the currency of the export market. Piice=al terms, relative to the price index in the
destination market are then given by:
) 1-6
_ Pait(z) @ (wW§)P (wh)™ " _ pxit(2)

1 *gk .
Pa,it(2) = R 8.1 - Pxit(2) = P aT titPa it (2)- (12)

Profits, expressed in units of the aggregate consumptiodiewtf the firm’s location arelit(z) = dg i (z) +

Oyt (), where

, 1-96
dan(@) = 5 (P42) " aR (13)

) 1-6 B g
Q (Px,n(z)) aiR — ()P (vv}t)l B iffirm z exports

deit(z) = % (14)

0 otherwise,

with R, denoting total expenditures on the aggregate consumptiodle. A firm will export if and only
if it earns non-negative profits from doing so. For H firmssthill be the case if their productivity draw
zis above some cutoff leve) i = inf{z: dyj; > 0}. We assume that the lower bound productiz, is
identical for both sectors and low enough relative to thedfigzest of exporting so tha; is abovezqyin.

Firms with productivity betweeny, andz ¢, serve only their domestic market.

2.3.1 Firm Averages

In every period a masi§y i of firms produces in sectarof country H. These firms have a distribution of
productivity levels ovefzyin, ) given byG(z), which is identical for both sectors and both countries. The
number of exporters il it = [1— G(zt)] Na it, which might differ across sectors. It is useful to define two
average productivity levels, an averagg Tor all producing firms in sectarof country H and an average

Zjt for all exporters in sectdrof country H:

1
00 @D 00
/ zeldG(z)] , it = / 71dG(2)
Zmin Zx it

10

1
(6-1)

Zyjt = [




As in Melitz (2003), these average productivity levels suamize all the necessary information about the
productivity distributions of firms.

We can redefine all the prices and profits in terms of theseageeproductivity levels. The average
nominal price of H firms in the domestic marketpg;;"= pq,it(Zq,it) and in the foreign market ipxj =
Pxit (Zit). The price index for sectarin H reflects prices for thélyj; home firms and F’'s exporters to H.
Then, the price index for sectoiin H can be written a®i =% = [Ny (ﬁd,it)l_e + Nyt (ﬁ;it)l_e]. Written
in real terms of aggregate consumption units this becopﬁe% = [Ngit (ﬁd_it)l_e + Nyt (ﬁ;it>l_e}, where
Pait = Pait(Zait) andpy;; = pxi(Z) are the average relative prices of H's producers and F'srésso

Similarly we can definely s = dq it (Z4t) anddy;r = it (Zit) such thatdy = dg ¢ + [1 — G(zit)] dx are

average total profits of H firms in sector

2.3.2 Firm Entry and Exit

The firms are owned by a mutual fund that invests in new firmkects all the profits, and distributes any
surplus in a lump-sum fashion to the househ8ldhe mutual fund acts on behalf of the whole population
and therefore uses the stochastic discount faétdt1— )5t (Rs/R) * to discount between periogsind

t.

In every period there is an unbounded mass of prospectivdimawin both sectors and both countries.
We assume that entrants at titnenly start producing at time+ 1, which introduces a one-period time-to-
build lag in the model. The exogenous exit shock occurs attideof each period, after entry and production.
Thus a proportiod of new entrants will never produce. The mutual fund is fodvaoking and computes
the expected post-entry value of a firm entering sectorperiodt as the present discounted value of its

expected stream of profifgiis}2, 1,

s=t+1

) -1
W-E Y ly“(l—af*t (%) d] 15)

This also corresponds to the average value of incumbent &ftesproduction has occurred. The mutual

fund discounts future profits using the aggregate stoahdisitount factor adjusted for the probability of firm

9The purpose of modelling firm entry this way is to separate &mtry and household heterogeneity.

11



survival(1— 9). Note that equation 15 can be written in recursive form as:

-1
Vit =y(1-90)E [(%) (Vitr1 + &Hl)] : (16)

Entry occurs until the average firm value is equal to the ecust:
= fe(wi) (w) . (17)
The surplus of the mutual fund is distributed in a lump-sughian to the households:
Mi(S+L) = dgNg g + dutNaut — YaNng — TutNnut (18)
Finally, the number of firms evolves according to:
Ng,it = (1—0)(Ng,jt—1 + Net—1)- (19)

2.3.3 Productivity distribution of firms

Productivityz follows a Pareto distribution with lower bourzgi, and shape parameter- 6 — 1: G(z) =

1
1- (%)k Letv = {m } 71 then average productivities are
Zqjt = VZmin @ndZjt = Vit (20)

The share of exporting firms in sectoriin H is

. N
Ny ”m). 1)

it
X1 G(z) =1 (=
Nt (i) ( Zjt

Together with the zero export profit condition for the cufaf, dyjt (zit) = O, this implies that average
export profits must satisfy
vo-1

= (0-1) (V= ) ) (wh) . (22)

12



2.4 Market Clearing Conditions, Aggregate Accounting and Tade

Market clearing requires that total production in each@eriust equal total income so that:

Baj \*° 1 Brit \ 178 3
N it (E) aiR + Qtt—*Nx,it (I) iRy + VitNejt = WSt + W Lit + GieNa it (23)
I it I
Total production of the sector (on the left hand side) inelithe production of the aggregate consump-
tion bundle (both for the domestic market and the foreignkm@rand the production of new firms. Total
income generated by the sector (on the right hand side)deslwage earnings and profits.

The trade balance is defined as exports minus imports in lectbrs:

_ 1 (e 0 1 P\
tb[*izgu [QﬁNd,lt ( LIJ;;) a|R{ *ENd,it <W) aiR. (24)

Let us define aggregate bond holdings in HBas= (B3 + B, + B + BY;) andB.. = (BSg +BS;; +
B;S + Bi,Ut) and similarly for aggregate bond holdings in F. In equiliton, the international net supply of
bonds is zero for H bonds such tiat+ Bf = 0 and for F bonds such thBt  + B;; = 0. Then net foreign

assets evolve according to the following law of motion:

Bt +QiBit = (L1 +ri—1)Br—1+ (L1 +1{_1)Bst—1Q +thy. (25)

2.5 Parametrization

This section describes the parametrization of the modéMieause for our analysis of optimal tariffs. In
most aspects we follow GM, and interpret the home countrhasJS. Furthermore, we assume that both
economies are symmetric except for their relative endovisnefnskilled/unskilled workers and the steady
state tariffs they charge. To calibrate these variableswezpret the foreign country as China. We take this
approach because it is not our goal to provide a precise iatarg assessment of optimal tariffs but rather
to highlight the role of comparative advantage, distribogl aspects and dynamic adjustment. To this end
we want to keep the asymmetries across countries at a minimum

We interpret each period as a quarter and set the houselscloudit ratey to 0.99, the standard choice

13



for quarterly dynamic models. We set the elasticity of sisbn between varieties t6 = 3.8, based on
the estimates from plant-level U.S. manufacturing dataeémBrd, Eaton, Jensen, and Kortum (2003). We
set the parameters of the Pareto distributiortg = 1 andk = 3.4, respectively. This choice satisfies the
condition for finite variance of log productivitk > 6 — 1.

Changing the sunk cost of firm entffg only re-scales the mass of firms in an industry. Thus without
loss of generality we can normalize it so tHat= 1. We set the fixed cost of exportirfgto 235 percent of
the per-period, amortized flow value of the sunk entry cdsts,y(1— 9)]/ [y(1— 9)]fe. We set the size of
the exogenous firm exit probability o= 0.025, to match the level of 10 percent job destruction per year
the US. These choices of parameter values are based on GM.

To focus on comparative advantage, we assume that all nydostameters are the same across indus-
tries and countries except factor intensiffy). We calibrate(3;) based on our own calculations using the
NBER-CES Manufacturing Industry Datab&%ehich provides annual industry-level data from 1958-2009
on output, employment, payroll and other input costs, itmesit, capital stocks, TFP, and various industry-
specific price indexes. We aggregate the data set to feaBaligit NAIC industries and then classify these
industries based on their revealed comparative advantageder to distinguish between comparative ad-
vantage and comparative disadvantage sectors, we use anmeésevealed comparative advantaBEA)
which takes account of exports and imports at the sectok. IB@A is defined as the ratio of the export share
of the sector in total manufacturing exports over the impbére of the sector in total manufacturing imports
(RCA= W%) with RCA > 1 referring to comparative advantage sectorsRBA < 1 referring to
comparative disadvantage sectbrdn order to calibrate factor intensities of each sector, aleuate the
wage share of production workers in total payroll for congpige advantage sectors and comparative disad-
vantage sectors, where production workers are defined ascbliar, unskilled workers. We take the period
average from 1980 and 2009 and find that the implied wage $biaskilled workers in comparative advan-
tage sectors ifs = 0.45 and in comparative disadvantage sectof®jis= 0.32. Similarly, we calculate the

average share of comparative advantage sectors in totat seeenue to be 0.627 for 1980-2009. We use it

10The data can be accessed at http://www.nber.org/nberces/.

11we prefer this measure over the more traditional measureveited comparative advantage introduced by Balassad®itaiot
only takes account of the export structure of the sector lotaf its import structure. In addition, data on US exportd anports at
the NAICs industry classification is readily available atdPe&Schott’'s website. In contrast the Balassa measure of RQéires data
on world export shares at the NAICs level which has to be ateslefrom other industry classification systems.

14



to calibrateas = 0.6 anday = 0.4.

Given the definition of skilled workers and unskilled workén the NBER-CES data, we calibrate the
endowments based on the ratio of production workers to mesagfigure 4 in Ebenstein, McMillan, Zhao,
and Zhang (2011). For the US this ratio is 4 to 1 in 1990 and 3ito2D05. For China the ratiois 8to 1 in
1990 and 11 to 1 in 2005. Taking the average over the two dlailgears and for a total population of 2000
workers these ratios imply that S=444 and L=1356 for the Homntry and S*=191 and L*=1809 for the
Foreign country. These endowments imply that the US haslehiglative endowment of skilled workers
than China and thus a comparative advantage in producitigrekinsive goods.

According to data from the World Trade Organization (WTQrthis a significant difference in the
tariffs both economies charge (see https://tao.wto.o@¥er the past ten years, the US charged on average
a tariff of 3% for imports from China, while China charged aeeage a tariff close to 6% for imports from
the US. We set tariffs in the initial steady state (the stgtus) accordingly.

Iceberg trade costs are calibrated to deliver a share of &t twith China to US GDP of 0.206. This
corresponds to the average share of US China manufactuaithg in manufacturing value added for the US
over the period 1994-2014. Assuming symmetric trade cthstsshare implies trade costsof t = 1.71.

Finally, we assume that the entering worker’s relative areentry cost follows a normal distribution
with a mean of zero and a standard deviatiorstbf= 0.1. We have set the standard deviation parameter
in order to ensure a very narrow distribution so that theyedércision of a worker regarding sector entry
is mostly determined by sectoral wage differentials indteffixed entry costs. This assumption is in line
with empirical evidence in Ryoo and Rosen (2004) who find thatfraction of college graduates who are

engineers is closely related to a measure of relative egsmrospects in engineering.

3 Optimal economy-wide tariffs

3.1 The dynamic adjustment after an increase in tariffs

This section discusses the setting of unilaterally optitadffs under the assumption that the same tariff is
set for both sectors. As in Ossa (2014), we assume that e#periment the tariff of the other country

is held constant. In later sections we will relax this asstiompand discuss Nash-equilibrium tariffs (trade
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wars in the terminology of Ossa). Later we will also consisisrtor-specific tariffs.

It is a well established result in the trade literature tha tb the terms of trade externality, and starting
from a low tariff, a permanent unilateral increase in théftgirelds a permanent increase in the consump-
tion of the country that imposes the higher tariff. Basigathere are two counteracting effects. On the one
hand, a positive tariff drives a wedge between the consumez pnd the producer price and thus creates
an inefficiency. On the other hand, since the tariff is pabtyn by foreign producers whereas the ensu-
ing income is solely distributed to domestic consumerspiime is redistributed from foreign producers to
domestic consumers. Starting from a low tariff the secofecetiominates and raising the tariff increases
domestic consumption (as long as there is no retaliationg figher the tariff gets, the stronger the distor-
tion becomes so that for high tariffs the first effect can dwateé. This reasoning implies that there exists a
tariff that maximizes consumption.

Following the traditional approach in the trade literatthrat is based on a static analysis and ignores
dynamic adjustment, our model yields an optimal tariff floe tUS of 325%, given the observed tariff of
China. Figure 1 shows the dynamic adjustment of selectetkggte variables in response to a permanent
increase of the US tariff from 3%, the status quo, to thisictaptimum, 325%. Obviously, aggregate
US consumption does not jump immediately to its new longequilibrium, but rather takes a long time
to converge. This implies that the short-term gains frorsing tariffs are actually much smaller than a
purely static analysis would suggest. Consequently, thienaptariff of a dynamic analysis is expected to
be smaller than the optimal tariff of a static analysis. Wi @dme back to the optimal tariff later, but first
discuss the dynamic adjustment in a bit more detail.

The main reason for the sluggish increase in aggregate ogpign is the surge in firm investment. An
increase in the import-tariff implies lower competitiorr fdlomestic firms. This implies that the number of
firms in the new steady state must be higher than the numbfimfarin the old steady state (as is standard in
the Melitz-model). During the adjustment period the stofhrms must be built up which implies especially
high investment in firms. Enhanced investment in new firmsiced consumption so that the short run gain
in consumption is considerably smaller than the long-run.ga

In contrast to the adjustment of aggregate consumptionotita@nd exports adjust very quickly. The

increase in the tariff immediately makes imports more expe&n so that imports drop by more than 40% on
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Figure 1:Effects of an increase in the US tariff from 3% t0.8%. Quarters on the horizontal axis, percent deviations fitee old
steady state on the vertical axis.

impact. However, the reduced demand for foreign produdadstiaa less efficient mix of domestic varieties
and foreign varieties in the US induces a sharp increaseeirtd®'s TOT, defined as the price of exports
relative to the price of imports (and the US real exchangeappreciates). This partly offsets the decreased
demand for Chinese imports and at the same time reducesntienddor US exports. As a consequence the
trade balance (not depicted) doesn’t move much, which iméwith empirical evidence (see, e.g., Gagnon
(2017)). The reduced export demand is also visible in theifsignt reduction in the number of exporting
firms. Note that this reduction in the number of exporting firatso corresponds to less efficient production

because exporting firms are more productive than firms thelysserve the domestic market.
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3.2 Optimal tariffs and the planning horizon

Taking account of adjustment dynamics has two major adgastaFirst, adjustment costs are not ignored.
Second, it allows us to analyze the optimal behavior of gotiakers who might be more interested in
the next couple of years than the infinite future. As discdsseove the slow adjustment in aggregate
consumption implies that a dynamic analysis yields smaliéns from raising tariffs than a static analysis.
Taking account of this adjustment thus yields an optimab(egate consumption maximizing) tariff of
30.5%, not much but still noticeably less than the% of the static analysis.

Because of the slow adjustment of consumption, policy meteard to set lower tariffs the shorter their
planning horizort? This is illustrated in figure 2. In analogy to Larch and Leetién (2013) and Lechthaler
(forthcoming) this figure shows the optimal US-tariff in éeplence of the planning horizon of the US-policy
maker. By planning horizon we mean that the policy maker datgare about the infinite future but rather
about the nexx periods where is measured along the horizontal axis. The optimal tariffiahis the tariff
that maximizes the present discounted value of aggregatsuagption up to period. E.g., for a policy
maker who cares about the next four years, a common term oépffie optimal tariff is just 24%.

So far this perfectly resembles the results in Larch and thedér (2013) and Lechthaler (forthcoming).
However, the use of a model with comparative advantage ated-imdustry trade allows for a broader
perspective, with the potential to put more weight on speeiforker groups or to charge different tariffs
for different sectors. In the following discussion we witircentrate on the first of these aspects, analyzing

cases where the policy maker might care more for certainggrofiworkers than for others.

12Conconi, Faccini, and Zanardi (2014) have recently showah fibliticians close to reelection tend to be more protegtothan
other politicians. This might seem at odds with our resut foliticians with a shorter time horizon should be in fasbismaller
tariffs. Note, however, that even the optimal tariff for itiolans with a very short time horizon is with around 20% rdigher than
the status quo of 3%. So no matter how long the planning horiE@ policy maker is, if she faces reelection our model saggthat
she should favor an increase in tariffs.
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Figure 2:0ptimal tariff in dependence of the policy maker’s planniragizon.

4 Tariffs and specific workers groups

4.1 Worker-specific effects of tariffs

So far we have concentrated on the adjustment of aggregadbhes. In this section we take a closer look at
the experience of specific workers groups and their preée®for tariffs. Going back to the scenario where
the US raises the tariff to 32%, we see from figure 3 that the experience of different tygfesorkers
diverges a lot.

The economy is very much specialized in the production ofsetor where it has its comparative
advantage. Since the US has a relatively large share oégkilbrkers it specializes more in the production
of the skill-intensive sector, sector S. Raising importfis partially reverses this specialization. Imports
from China become more expensive and thus it becomes pleffiaithe US to increase its production in
the unskilled-intensive sector, sector U.

In the short run this implies that the price of sectordd,rises relative to sector S and consequently the

wages of workers employed in sector U rise relative to theasayf workers in sector S, irrespective of the
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Figure 3. Effects of an increase in the US tariff from 3% to 32%. Quartem the horizontal axis, percent deviations from the old
steady state on the vertical axis.

skill-class of the worker. In the longer run, both firms andkess migrate from sector S to sector U. This
not only tends to equalize wages across sectors but alsdv@asiplication that the skill-mix changes in
both sectors, making unskilled workers relatively moredaiaive. Put differently, the reduced importance
of the skill-intensive sector puts downward pressure omisige of skilled workers but this effect takes time
to fully materialize because production factors need ttoeate.

As seen in figure 3 the described adjustment implies veryrsivdevelopments in the consumption of
different types of workers. Skilled workers in the unsldimtensive sector gain in the short run due the
increased importance of sector U but lose in the long run dukd lower demand for skills. In contrast,
unskilled workers in the skill-intensive sector lose a hithe short run due to the decreased importance of
their sector but gain in the long run due to the increased ddrfa unskilled workers. Skilled workers in
skill-intensive sector are worst off, losing both in the domn and even more in the short run. The biggest
winners of the increase in tariff are the unskilled workershe unskilled-intensive sector, gaining both in

the short run and in the long run with short-run gains evemghaoting their long-run equilibrium.
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Figure 4:0ptimal tariff in dependence of the worker’s planning horiz

4.2 Worker-specific preferences for tariffs

Naturally, these diverse developments imply very diffeqgeferences for trade policy. This is illustrated
in the left-hand panel of figure 4 which shows the tariff thaiximizes the present discounted value of
consumption of specific workers up to perigdvherex is measured on the horizontal axis. Skilled work-
ers in the skill-intensive sector always prefer zero-tsrifvhereas skilled workers in the unskilled-intensive
sector might vote for tariffs as high as 30% if they have a sham perspective, but also prefer zero-tariffs
when having a long-run perspective. While unskilled woskend to prefer higher tariffs, it is not generally
true that they always want higher tariffs than skilled wagkdf their horizon is sufficiently short-run, un-
skilled workers in the skill-intensive sector actually ferdower tariffs than skilled workers in the unskilled-
intensive sector. As expected, unskilled workers in thekilled-intensive sector are the most in favor of
protectionism, especially (but not only) when they haveartstun perspectivé?

Thus, figure 4 paints a rich picture for trade protection @mefices and powerfully demonstrates the
important role of the dynamic adjustment in response toetisltbcks and the time-perspective of policy
makers and voters. Itis neither solely the skill-class obaker nor the skill-intensity of the sector in which
the worker is employed that determines her preferencesddetprotection. It is rather a combination of

both aspects that matters with the time perspective imptiytaffecting the relative weight of both.

13These results are broadly in line with the empirical evidetimt finds that unskilled workers and workers in compazatisad-
vantage sectors tend to favor protectionism, see, e.gylidea2002), Mayda and Rodrik (2005), Sanz and Martinezm@g¢2008),
or Scheve and Slaughter (2001).
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The potential preference of voters with a short-run perdgedor higher tariffs is in stark contrast
with the analysis in Larch and Lechthaler (2013) and Ledbkth#rthcoming) where a shorter perspective
robustly implies a preference for lower tariffs. Given thgwevious results it is a bit of a puzzle that
politicians nevertheless often promote protectionismhairtcampaigns and that indeed many voters tend
to favor protectionism. Figures 3 and 4 provide an explamafidr this result showing that specific worker
groups benefit more in the very short run and might thus suggotectionism even more strongly if they
have a shorter time perspective.

Finally, this section presents an alternative approacheterchine the political economy equilibrium:
the tariff chosen by a coalition of unskilled workers. Ourdebfeatures four different types of workers,
depending on the skill class of the workers and the sectorevtiey are employed. According to our
calibration none of these groups is in absolute majority, iouline with the data, unskilled workers have
a majority over skilled workers. Since unskilled workere affected similarly by tariffs, at least in the
medium and long run, it is natural for these workers to fornoalition.

The solid line in the right-hand panel of figure 4 illustrathe tariff chosen by such a coalition (along
with the tariff of the benchmark case where aggregate copamis maximized). As discussed above
an import-tariff benefits unskilled workers since it incsea the relative demand for the unskilled-intensive
sectors and thereby the relative wage and consumption ddlieasworkers. Therefore, such a coalition
would choose a higher tariff than the tariff that maximizegmll consumption irrespective of the time

perspective.

5 Nash-equilibrium economy-wide tariffs

So far we have analyzed unilaterally optimal tariffs, ivee, have assumed that the US can set its tariffs as it
likes while Chinese tariffs stay at their old level. It sediksly, however, that China would not just accept
the increase in US-tariffs, but rather retaliate by incirggasariffs on its own. In fact, the same argument
as for raising US-tariffs (the terms of trade externalitgples, of course, also for the Chinese tariff: by
increasing its tariff China can raise its own consumptidndig a certain US-tariff).

Therefore, in this section we consider what Ossa (20143 ealtade war, a non-cooperative game be-
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Figure 5:Nash-equilibrium tariffs in dependence of the policy makpkanning horizon. Left panel: US maximizes consumptién o
all workers; right panel: US maximizes consumption of ules#tiworkers.

tween two countries. The equilibrium of this game is a Naghi@rium that is defined as the combination
of US-tariff and Chinese tariff from which neither countrgshan incentive to deviaté.

To determine the Nash-equilibrium we compute the besteresg function for both countries, i.e., for
a wide range of tariffs for the US we calculate the optimaifftaf China and vice versa. The intersection
of both best-response functions is the Nash-equilibriura.chiuntry has an incentive to deviate from this
equilibrium because consumption is already maximizedsmgthe tariff of the other country.

Figure 5 shows the resulting Nash-equilibrium tariff fottboountries, for different planning horizons of
the policy maker and under two different assumptions of whamssumption is maximized. In the left-hand
panel policy makers of both countries maximize aggregatswmption, whereas for the right-hand panel it
is assumed that in the US policy is determined by a coalitfamskilled workers (whereas Chinese policy
still maximizes China’s aggregate consumption).

The same basic pattern applies as before. Concentratingsharatime horizon implies lower tariffs
and concentrating on unskilled workers implies higheff@ariWhen both country’s policy makers maximize
their respective country’s aggregate consumption, Chéts & slightly lower tariff, because it gains more
from international trade. When policy makers in the US mazethe consumption of unskilled workers

only, then the two countries charge very different tarififwthe gap lying around 15 percentage points.

1The non-cooperative game is basically a prisoners dilemBram an aggregate perspective both countries would prefesr|
tariffs, but this is not a Nash-equilibrium since both coigs have an incentive to deviate from this equilibrium egithe strategy of
the other country.
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Probably more interesting than the level of optimal tariffsa potential trade war is the adjustment
of the US economy in case such a trade war occurs. The dynatpistaent of different measures of
consumption and the terms of trade is illustrated in figur&lte terms of trade of the US still increase but
due to the increase in the Chinese tariff much less than ibenchmark case of unilateral tariffs. Aggregate
consumption no longer increases but rather decreasesrbitité iong run and even more in the short run.

Remember that unilaterally raising tariffs implies two oteracting effects. On the one hand, the tariff
reduces the efficiency in production because internatitrade is reduced and with it specialization and
concentration of production in more productive firms. Ondkiger hand, a tariff redistributes income from
the affected country to the imposing country. However, ittboountries raise their tariff, the first effect
is still in place, while the second effect is largely reducas illustrated by the much weaker increase in
the US’s TOT), or even negative in the case of China. Thisamplwhy in this scenario aggregate US
consumption declines (along with China’s consumption).

So from an aggregate perspective the trade war scenarimiése a prisoner’s dilemma. Given the
strategy of the other country each country acts in its owmibérest, but from a joint perspective this leads
to an inferior equilibrium. Both countries would be bettdfribthey could coordinate on an equilibrium
with lower tariffs.

Thus figure 6 reconfirms that protectionism is harmful. Hogrethe figure adds a nuance to that picture.
As before the different groups of workers are affected véffeintly by the increase in tariffs, and while
most workers are negatively affected, the unskilled warkarthe import-competing sector actually gain
even in this scenario. In the new steady state their consamist basically the same as in the old steady
state but during the transition period they can enjoy terlgrenhanced consumption. Thus even in this

trade war scenario some workers are gaining and might lelitcpbsupport to protectionist ideas.

6 Optimal sector-specific tariffs

So far it was assumed that the same tariff is charged in batbrse We now relax this assumption to allow
for the setting of different tariffs in both sectors. In tisistup we again look at unilaterally optimal tariffs,

i.e., we go back to our assumption that only the US is alloveednange its tariff, while China keeps its
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tariff at the empirically observed 6%. It is important to eater sector-specific tariff increases because our
previous analysis showed that workers employed in diffesentors have very different preferences about
tariffs, especially if they have a short-run perspective.

In our analysis of sector-specific tariffs we again compheetariffs chosen under the assumption that
policy makers only care about the infinite future, the newadyestate, with the outcome when policy makers
care about short-run effects, too. Based on the steady atatgsis, the unilaterally optimal tariffs are
30.5% for the unskilled-intensive sector and 3% for the skill-intensive sector. Thus the optimal tardf f
the skill-intensive sector is substantially larger thaa diptimal tariff for the unskilled-intensive sector. The
reason is that the imports of the skill-intensive good aranjtatively less important than the imports of the
unskilled-intensive sector. Consequently the distogioreated by a tariff on the skill-intensive good are
also quantitatively less important and a higher tariff carafforded.

Figure 7 shows the dynamic adjustment to the optimal equilib of the static analysis under the as-
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sumption that in the initial steady state one sector-tegiffiready at this optimal level while the other tariff
is still at the calibrated level of 3%. Thus the solid line wisahe adjustment from an equilibrium with
ts = 3% andty = 30.5% to an equilibrium withs = 34.3% andty = 30.5%, while the dashed line shows
the adjustment from an equilibrium witg = 34.3% andty = 3% to an equilibrium withts = 34.3% and
ty = 30.5%. We are showing this specific experiment because it isithat®n that is most representative
of the decision problem of a policy maker who has to deterntieeoptimal level of one tariff given the
optimal level of the other tariff.

Figure 8 shows the optimal tariff of the dynamic analysisdiffierent time-horizons of the policy maker.
The left panel represents a policy maker who maximizes weléd all workers, the right panel a policy
maker who maximizes welfare of unskilled workers. Lookinghe tariff chosen by a policy maker with a
very long time-horizon we see again the pattern that opttaréfs of the dynamic analysis are lower than

the optimal tariffs of the static analysis. As in the pred@nalysis, consumption increases only sluggishly
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Figure 8: Optimal sector-specific tariffs in dependence of the pofitgker’s planning horizon. Left panel: tariff maximizes eon
sumption of all workers; right panel: tariff maximizes cangption of unskilled workers.

following an increase in tariffs (see 'total consumption’figure 7). For this reason a policy maker that
cares about the adjustment process chooses a lower tarifetpolicy makers that only cares about the new
steady state.

Figure 7 also reveals that consumption increases much nhmmdysn response to an increase tg
compared to an increase tin. This explains the steeper profile figrin figure 8, so that the tariff of the
skill-intensive sector depends more strongly on the timgzion of the policy maker. For policy makers with
a very short time-horizon it is even possible that a higheff ta chosen for the unskilled-intensive sector
rather than the skill-intensive sector.

While the effects of both tariffs on aggregate consumptianralatively similar, figure 7 also shows
that their effects on worker-specific outcomes are venedifit. Both sector-specific tariffs imply a shift
in production towards the sector where the tariff is raisedanse imports in that sector become directly
more expensive so that consumption has to rely more stramgtjomestic production. In the long run this
favors the production factors that are used more intensivethe sector where the tariff is increased. In
the short run this favors the production factors currenthpkyed in that sector. This explains why un-
skilled workers prefer substantially higher tariffs in ihgport-competing sector, especially when they have

a long time-perspective because their gains are largermoseof the adjustment to the new equilibrium is

accomplished.
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Finally, figure 9 shows the dynamic adjustment of selecte@dkbes from the old steady state with tariffs
of 3% to the new steady state of optimal sector-specificfsanfider the assumption that the policy makers
have a very long time-horizon (50 years or more) and that thieypmakers either maximize the welfare
of all workers (dashed line) or the welfare of unskilled wenk (dotted-dashed liné3. The adjustment
processes of these scenarios are compared to the adjugtroeass of our benchmark case in which the
tariff of both sectors is increased by the same amount.

Figure 9 shows that the adjustment of aggregate consumigtiaintually the same in our benchmark
case and the case where the policy makers set differeristariboth sectors but maximize consumption of
all workers. Nevertheless, there are some minor differenoacerning worker-specific outcomes. Skilled
workers lose a bit less if tariffs are sector-specific whitskilled workers gain a bit less.

Naturally, the effects are stronger when the policy makeximies the welfare only of unskilled work-

15The main difference to figure 7 is that here both tariffs anrdased at the same time, while tariffs were increased apain
figure 7.
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ers, but the picture is also more diverse. Again we see therpahat unskilled workers in the skill-intensive
sector lose in the short run while they gain in the long-runu§a policy that maximizes the welfare of all
unskilled workers might even hurt some unskilled workerghmshort run. Aggregate consumption is gen-
erally lower in this scenario and even drops in the very shurt We can conclude that sector-specific tariffs

are especially bad for skilled workers if policy makers aa@re about unskilled workers.

7 Conclusion

This paper analyzes the optimal setting of import tariffd amorker preferences for import tariffs in a dy-
namic model with two countries, two sectors, two factors mfduction, endogenous firm entry and firm
heterogeneity. This setup allows for rich and diverse ithigtional effects of import tariffs, while at the
same building on a tractable and intuitive model. It alsoved for the consideration of adjustment dynamics
and potential short-sightedness of workers and policy msake

We find that the distributional effects of tariffs dependtbon the skill class of a worker and on the
sector where she is employed but the weight of both factopemis importantly on the time perspective
of the worker/policy maker. The shorter the time perspedtie more important is the sector. With a very
long-run time perspective the sector becomes more or ledsvant.

Due to these diverse and time-dependent distributionattfthe preferences for import tariffs can differ
substantially across workers and time. E.g., althougheskilvorkers tend to lose from tariffs in the long
run, if they are employed in the unskilled-intensive seatwt have a sufficiently short time perspective, they
might still vote in favor of higher tariffs. Conversely, evéhough unskilled workers gain from tariffs in the
long run, if they are employed in the skill-intensive seetnd have a sufficiently short time perspective, they
might vote for low tariffs.

The workers gaining most from raising tariffs are unskileatkers in the unskilled-intensive sector and
thus they are the ones most in favor of raising tariffs, jpeegive of their time perspective. Interestingly, we
find that these workers even gain in a trade war in which not thvd domestic country raises the tariff but in
which the trading partner country retaliates by also rgisive tariff. In this scenario aggregate consumption

of both countries falls. The same is true for the consumptiskilled workers and for the consumption of
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unskilled workers in the skill-intensive sector falls, Imatt for the consumption of unskilled workers in the
unskilled-intensive sector. Thus these workers might Bingito support raising tariffs even in the face of

threats of retaliation.
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8 Appendix: The role of worker mobility

8.1 Endogenous skill formation

So far it was assumed that the number of skilled workers igemously given. This is the standard assump-
tion in the trade literature and allows for a simpler modebwséver, we have seen that an increase in the
tariff reduces the demand for skilled workers and thus ibibé expected that workers would be investing
less in their skills.

To take account of this we extend the model to introduce eaogs skill formation, by allowing newly
entering workers to train to become skilled workers. To niditie we assume that newly entering workers
need to pay a training cost that is drawn from the random distributiéife" ) with support or’{erfm,oo).

An entering worker decides to train if the value of beinglskilis high enough to justify the training cost,
i.e., if:

Ve-g >V (26)

whereVs is the expected present discounted value of consumptioa $&illed worker and/Y is the same
value for an unskilled worker. Equation 26 defines a thresgblfor which a worker is indifferent between

training and not training and the probability of training@this:
nt =T [maxel en)] . (27)

The simulate the model we assume that the training costwsllan exponential distribution with a
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Figure 10:0ptimal tariff in dependence of the policy maker’s plannimgizon with endogenous training. Left panel: tariff maxi-
mizes consumption of all workers; right panel: tariff makies consumption of unskilled workers.

parametescal €T for H andscal eT* for F.16 The parameters are set so that the pre-liberalizationysstate
training probability in H and F match the shares of skilledkess in the labor force of each country, such
thatnt = 0.222 for H andnt = 0.0955 for F. This ensures that the pre-liberalization stesalte is the same
in the model with and without training.

The implications of endogenous skill formation for optintatiffs are illustrated in figure 10 which
compares the case of endogenous skill formation to our eadhcase with an exogenously given number
of skilled and unskilled workers. The left panel shows theecahere the tariff maximizes the present
discounted value of consumption of all workers, the rightedahe tariff that maximizes the consumption of
unskilled workers.

In both cases the optimal tariff is lower under endogenoiisfeskmation. As explained above, raising
tariffs lowers the demand for skills with the implicatioratifewer workers find it worthwhile to invest in
their skills to become a skilled worker. Thus raising tarif more costly under endogenous skill formation
and the optimal tariff is lower. Note that in this scenariirgg tariffs is also less beneficial for unskilled
workers, because this leads to an increase in the supplyséflied workers putting downward pressure on

their wages. They still prefer higher tariffs than skillednkers but to a lesser extent than in our benchmark.

16we choose the exponential distribution because it has amyparameter, the scale parameter, and its minimum is aleags
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Figure 11:0ptimal tariff in dependence of the policy maker’s plannimgizon with free sector mobility. Left panel: tariff maxines
consumption of all workers; right panel: tariff maximizesnsumption of unskilled workers.

8.2 Sector mobility

In line with recent empirical evidence we have assumed treatrtobility of workers across sectors is very
limited. In this section we take the opposite case and asshatevorkers can freely move across sectors
at any time. This implies that the wage differential acressars completely vanishes. If the wage in one
sector was slightly higher, workers would move to that segttil the wage differential has vanished. The
number of workers in each sector is then endogenously ditednby the condition that the wage is the
same in both sectors.

Given a specific tariff the steady states of both versions®fodel are basically the same. So according
to a static analysis the optimal tariff would be the same ithlmases. However, as figure 11 shows, the
dynamic analysis yields quite different results, espéctait not only in the short run.

The tariff that maximizes aggregate consumption is alweyet when workers are mobile across sectors
than when they are immobile. The reason is that under fullilitgbf workers firm investment increases
much more strongly. In the version of the model with limitedbility, firm investment during the transi-
tion is subdued due to the 'wrong’ allocation of workers. st no longer the case under full mobility,
implying more firm investment and thus lower aggregate comngion during the transition. Since aggregate
consumption is lower, the tariff that maximizes the presisitounted value of consumption of all workers

is smaller.
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For the unskilled workers there is an additional effect. Aplained above, an increase in the tariff
raises the relative demand for unskilled workers, but warkeed to reallocate across sectors for this effect
to become important. Under full mobility of workers this leaation happens much faster and thus un-
skilled workers gain much more quickly. Due to the slow atijent of firms the consumption of unskilled
workers is actually overshooting their long run equililniuThis explains why the tariff that maximizes the
consumption of unskilled workers is especially high in thers run and might even be higher than in the

benchmark with immobile workers.
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