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Abstract

Recently, there has been a large increase in trade policy uncertainty, while multinational
firms have become increasingly important in the economy. The trade policy uncertainty lit-
erature, however, has limited its attention to models with exporters only, thus abstracting
from multinational firms. This paper builds a two-country DSGE model where firms can
choose to serve their domestic market only, or to also sell to the foreign country either as an
exporter or by engaging in foreign direct investment and operating as a multinational firm
(MNE). The model features endogenous exporting and MNE entry and exit, where firms need
to pay per-period entry or continuation cost. I show that uncertainty about non-tariff mea-
sures lead to quantitatively different effects on the economy when multinational firms are
taken into consideration, with the short run effects of trade policy uncertainty closer to the

higher end.
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1 Introduction

Uncertainty surrounding Brexit and the ongoing U.S.-China trade war have led to trade policy
uncertainty reaching a historic high in recent years, as demonstrated by the newspaper-based
U.S. Trade Policy Uncertainty index first developed by Baker et al. (2016) and recently revisited
by Hong (2021). However, theoretical papers examining the effects of trade policy uncertainty
have only started to emerge in recent years. Among these, there have been opposing conclusions
on both the directions and the importance of the effects, with Caldara et al. (2020) showing that
import tariff uncertainty will lead to a persistent fall in the components of GDP, but also an
increase in export participation. On the other hand, research focusing on Brexit uncertainty
costs such as Steinberg (2019) showed that while Brexit uncertainty costs are similar to the order
of magnitude of the cost of business cycles, it is much smaller compared to the costs of Brexit

taking place.

More importantly, models in the literature have thus far abstracted from multinational firms,
which is an alternative way for firms to serve a foreign market. In fact, there is empirical evidence
that global sales from multinational firms are around 2 times the sales from exports (Antras and
Yeaple, 2014). Moreover, even though trade policy uncertainty between U.S. and China has been
increasing in recent years (Hong, 2021), data from the U.S. Bureau of Economic Analysis indicates
that the number of affiliates that U.S. companies operate in China, as well as the number of
affiliates that Chinese companies operate in the U.S. have been increasing steadily, as shown in

Figure 1.

This paper thus contributes to the growing literature by building a two-country Dynamic Stochas-
tic General Equilibrium (DSGE) model that features a continuum of monopolistically competitive
firms that can choose to (i) serve solely the domestic market, or (ii) also serve the foreign market
as exporters; or (iii) operate as multinational firms (MNEs) with both a domestic and a foreign

plant.

Multinational firms are modeled such that the parent and its foreign affiliate share some pro-
duction inputs, as in McGrattan and Prescott (2010), Kapicka (2012) and Anagnostopoulos et al.
(2019). Specifically, where each plant uses physical (or tangible) capital and labour hired from the
local market, but the technological capital can be shared across plants owned by the same parent
firm. This type of technological capital reflects the technological know-how accumulated by firms
and is made up of research and development investment, branding investment and organizational
capital. This paper assumes firms have three modes of operation — production for the domestic

market only, production for the foreign market as well through exporting or instead serving the



Figure 1: The mass of MNE affiliates between US and China

©

4

Percentage
3

2

2014 2015 2016 2017 2018
year

[ Us affiliates in China
I China affiliates in US
U.S. Trade Policy Uncertainty Index

Notes: The mass of US affiliates in China is presented as a percentage of the total US affiliates in the
world. The mass of Chinese affiliates in the US as a percentage of the total affiliates from the world to the
US. The U.S. TPU index is from Hong (2021), while data on affiliates is from the U.S. Bureau of Economic
Analysis.

foreign market as MNE by operating a foreign affiliate. Gumpert et al. (2020) showed that this
is a reasonable assumption using French and Norwegian firm-level data, as firms usually serve a
foreign country either mainly as an exporter or mainly as a multinational firm. This present paper
also assumes that firms become MNEs via greenfield entry instead of mergers and acquisitions.
Moreover, firms can only engage in horizontal foreign direct investment, where they expand by

replicating their production overseas to save on trade costs.

Firms need to pay a per-period cost that depends on the firm’s state (either local, export, or MNE)
in the beginning of the period, with entry costs higher than continuation costs a la Alessandria
and Choi (2007). Whereas Alessandria and Choi (2007) only focused on export entry and con-
tinuation costs as firms in their model were only allowed to choose between staying local or
exporting, this paper also includes MNE entry and continuation costs. This feature thus allows

the model to incorporate endogenous export and MNE entry and exit decisions.

In this paper, I consider uncertainty about non-tariff barriers to trade instead of uncertainty about
import tariffs. International trade has been relatively liberalized due to the General Agreement on
Tariffs and Trade (GATT) and WTO, as well as preferential trade agreements (PTA) and customs



unions. Thus, non-tariff barriers often play a bigger role than tariffs, as shown in studies such as
Anderson and van Wincoop (2004). These non-tariff barriers can be modeled as iceberg transport
costs (e.g. Steinberg (2019), Gumpert et al. (2020)). Recent papers such as Caldara et al. (2020),
when modeling trade policy uncertainty, posit that import tariffs follow an AR(1) process, with
the stochastic volatility following another AR(1) process. This is unrealistic as changes in tariff
levels should be more discrete. Hence, I take a more natural approach by modeling uncertainty

about non-tariff measures instead as an AR(1) with AR(1) process.

As a result, this paper serves as the first attempt to study the effects of trade policy uncertainty
in a model with both exporters and multinational firms. It shows that the quantitative results
of trade policy uncertainty are closer to the upper bound found in the current literature, thus
emphasizing the importance in including multinational firms when trying to quantify the effects

of trade policy uncertainty.

The paper is organized as follows. Section 2 explains the trade-off between being an exporter and
being a multinational firm. 3 provides a literature review. Section 4 details the model. Section 5

presents the solution method and Section 6 discusses the results. Section 7 concludes.

2 Trade-off between Exporters and MNEs

Consider a simple setting where an exporter (E) can choose to exit the foreign market and become
alocal (L) firm to earn IT%(z), or pay a continuation fixed cost f£(E) to earn IT(z) from being an
exporter. They also have the option to pay an entry fixed cost f¥(E) to become a multinational
firm, earning ITM(z). On the other hand, multinational firms (M) can pay a re-entry fixed cost
FM(M) to keep the foreign affiliate open and earn ITV(z), or re-enter as an exporter, paying fixed
cost fE(E) and earning IT1¥(z). Note that a multinational firm cannot exit completely to be a local
firm. This setup is similar to the one in Helpman et al. (2004), yet with entry and continuation
costs that depend on the firm’s initial status. In particular, let’s consider entry costs that are
higher than continuation costs a la Alessandria and Choi (2007), i.e. f¥(E) > fM(M).

First consider a static trade policy at 7*. Each period, there is a draw of productivity z. For existing
exporting firms, they will find re-entering as an exporter profitable if the additional profit from

being an exporter, relative to being a local firm, is positive:

I*(z) - " (2) - fE(E) > 0 (1)



Thus, there exists a productivity threshold zf that separates exporters from local firms.

Otherwise, exporters will become multinational firms if the additional benefit from setting a for-

eign plant (relative to staying local) is (i) positive:
" (2) — T (2) - fM(E) > 0 (2)
and (ii) higher than the additional benefit from re-entering as an exporter:
I"(z) - 1°(2) - [f*(E) - f*(B)] > o.

Given that exporters need to pay import tariff per unit of the product, the slope of Equation 2 will
be lower than that of Equation 1. Thus, there exists a productivity threshold 2™ where the two
equation crosses that distinguishes between experienced exporters and new multinational firm

entrants.

Assumption 1 The entry fixed cost to become a MNE is greater than the export continuation cost:

ME) > fE(E).

With the above assumption, as long as the tariff 7 is not too large, the productivity needed to

enter as a MNE is greater than the productivity needed to re-enter as an exporter: £ > zF.

Turning to multinational firms, they will choose to stay as a multinational firm if the additional

profit from opening a foreign plant relative to shipping to the foreign market is positive:
(2) =T1"(2) = [ (M) = FH(E)] > 0

To allow for easier graphical presentation, I decompose the multinational firm condition by eval-
uating the benefits from being a MNE with respect to being a local firm, i.e. combining Equation
1 with

"(z) - II* (2) = f(M) > 0. ©)

The productivity threshold where these two intersect, M is the threshold between MNE return-

ing to being exporters, and re-entering as a MNE.

Assumption 2 The continuation cost for a MNE is higher than the continuation cost for an exporter:

Y M) > fE(E).
Assumption 3 The MNE entry cost is higher than the MNE continuation cost: f¥(E) > fM(M).
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With the above two conditions, the productivity threshold for a MNE re-entry 2V is between the
export re-entry z£ and the MNE greenfield entry 2F.

Figure 2: Trade-off between Exporters and MNEs
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The conditions are plotted in Figure 2. The intercepts indicate the fixed entry or continuation
costs, while the flatter slope from Equation 1, i.e. the additional profit from being an exporter, is

due to the per unit tariff.

Now, if the tariff level is increased to 77, the benefit from exporting is decreased, thus flattening
the curve for Equation 1. The illustration is shown in Figure 3. As seen, the productivity threshold
zE for firms to re-enter as an exporter, relative to exiting, has increased. This means that it is more
likely for firms to become local firms. On the other hand, the threshold for exporters to consider
being a multinational firm 3F has decreased, as well as the threshold for MNEs to remain as is,

M This leads to an increase in the mass of MNEs.

In a world where firms’ decisions are dynamic, such as making irreversible and costly invest-
ments, or that there are price adjustment cost, the decisions to switch between exporters and
multinational firms under higher tariff level will not be this clear-cut. However, this establishes
the idea that increases in tariffs level can lead to an increase in the mass of MNEs, either due to
exporters switching to become a MNE, or as MNEs staying on as MNEs. When tariffs are un-
certain, this transition will be depend on multiple factors, such as the nature and persistence of
the uncertainty, the exact trade-off that the firms face between being an exporter and being a

MNE, and the rigidities present in the economy. In this paper, I thus build a RBC model that is



Figure 3: Trade-off between Exporters and MNEs: Higher Tariff
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Notes: This figure presents the scenario if the per unit tariff is increased from 7 to 7. All the new equations and

productivity thresholds are denoted with a prime. See Figure 2 for the original equations.

consistent with the salient MNE features observed in the economy. I now first discuss the present

literature.

3 Literature Review

This paper combines three strands of the literature — uncertainty, trade (exporting and multina-
tional firms), and trade policy uncertainty - to contribute to the growing literature on the effects

of trade policy uncertainty. In this section, I will review each strand in turn.

While uncertainty has long been studied since Bernanke (1983) and Dixit and Pindyck (1994),
there has been a rise in papers studying uncertainty shocks in a general equilibrium framework
in recent years. These papers have evolved from the usual General Autoregressive Conditional
Heteroskedasticity (GARCH) models to stochastic volatility models, as the latter allow for the
separation between innovations to the level and innovations to the volatility.! For example, the
small open economy business cycle model in Fernandez-Villaverde et al. (2011) assumed that the
international risk-free real interest rate and the country spread both follow AR(1) processes, while

their volatilities follow another two AR(1) processes. The paper showed that under an increase in

The volatility in GARCH models is dependent on the past level of shocks.



country spread volatility, the household reduces its risky foreign debt holdings by lowering both

consumption and investment, thus decreasing domestic absorption.

To explain the Vector Autoregression (VAR) evidence that there is a comovement between out-
put, consumption, and investment under an uncertainty (proxied using VXO) shock, Basu and
Bundick (2017) considered a stochastic discount rate with stochastic volatility. The paper showed
that sticky prices are important for the transmission of uncertainty shocks as the comovement
only exists under nominal rigidities. This is because output decreases following a reduction in
consumption due to greater uncertainty. As a result, the marginal return of holding capital falls,
which translates to a lower investment level. Bonciani and Oh (2019) allowed firms’ total factor
productivity (TFP) to have an exogenous component that follows an AR(1) process with stochas-
tic volatility. Their DSGE model assumes Epstein-Zin preferences, endogenous growth in R&D
investment, and sticky prices, all of which were found to be important to capture the long-term
fall in consumption, investment, and output. The various applications of stochastic volatility

models thus suggest that they will be useful in modeling trade policy uncertainty.

The next building block of this paper relies on models of international trade and multinational
firms. Trade models have gone through a long history of development, and different reasons to
explain trade patterns have been proposed, ranging from technological differences and compar-
ative advantages (Ricardo, 1821), to factor endowment differences (Heckscher-Ohlin and Vanek
(1968)), to increasing returns to scale (Krugman, 1979) or increased product variety (Krugman,
1980).

As it is unrealistic to assume all firms have identical technologies, the trade literature began to
model heterogeneous firms. Eaton and Kortum (2002) considered heterogeneous firms producing
with constant returns to scale and perfect competition. With constant elasticity of substitution
(CES) preferences and productivity drawn from a Fréchet distribution, the paper shows that every
country must be the lowest cost producer for some goods, and thus would be a sole exporter of
those goods to all countries. Melitz (2003) analyzed international trade with heterogeneous firms
that enter and exit a la Hopenhayn (1992), but with monopolistic competition instead of perfect
competition. Using a “zero cutoff profit” condition, which states that firms only produce under
non-negative profits, and a free export entry condition, which implies that the expected value
of exporting for new entrants net of a fixed sunk cost is zero, the model shows that the least
efficient firms would exit and efficient firms would increase their production. Chaney (2008)
obtained closed-form solutions to Melitz (2003) by assuming that the productivity of the firms

follows a Pareto distribution.



Alessandria and Choi (2007) considered endogenous export entry and exit decisions in a general
equilibrium open economy business cycle model, where firms pay an export entry sunk cost and
a smaller per period continuation cost in order to operate in the foreign market. Comparing
their model with one that has neither export entry nor continuation costs, and with one that has
no export entry cost but a stochastic continuation cost, the paper showed that the type of costs
leads to very different export participation responses to a persistent positive home productivity
shock. Another feature found to be important for the transmission of shocks is firms’ capital
accumulation, which depends on their export status. As Alessandria and Choi (2007)’s model
only featured export decisions, this paper extends their framework by incorporating endogenous

MNE entry and exit decisions based on imposing MNE entry and continuation cost.

The literature on multinational firms is thoroughly reviewed in Antras and Yeaple (2014), which
surveyed different types of multinational firm activity in a framework that features Krugman
(1980)’s CES preferences and Melitz (2003)’s firm heterogeneity. Closest to this paper’s assump-
tions on multinational firms (i.e. greenfield entry and horizontal expansion), Helpman et al. (2004)
proposed a static partial equilibrium framework where a continuum of firms pay fixed costs (that
are independent of their status in the previous period) to become a local firm or an exporter or
a multinational firm. As exporters face iceberg transport costs while multinational firms face
higher fixed cost, this “proximity-concentration trade-off” means that only the most productive
firms serve the foreign market, and among them, the more productive ones engage in foreign di-
rect investment. Gumpert et al. (2020) introduced dynamics to this framework by allowing firm’s
productivity to follow a Markov process and imposing a sunk entry cost for multinational firms.
While the three-tier result from the static version is still present, the sunk entry cost leads to a
band of inaction, where existing MNEs with a certain productivity level will not exit, but firms

with the same productivity level will not enter as MNE.

Although Gumpert et al. (2020)’s setup provides strong modeling tools in terms of the produc-
tivity cutoffs, its setup assumes that multinational firms only use labour to produce. Given the
importance of capital accumulation as shown in Alessandria and Choi (2007), this paper borrows
from the framework proposed by McGrattan and Prescott (2010), Kapicka (2012) and Anagnos-
topoulos et al. (2019), in which multinational firms also use tangible capital and technological
capital to produce. McGrattan and Prescott (2010) suggested that the inclusion of technological
capital is necessary to capture the high rate of return for multinational firms’ subsidiaries found
in empirical data. Hence, the literature usually models multinational firms such that they can
use technological capital across plants in different locations, but need to hire physical capital and

labour from the country in which the plant is located.



Turning to the last strand of literature that this paper builds upon, research on trade policy un-
certainty in recent years has started to become more popular as it becomes a more prominent
phenomenon in the world. Using a dynamic partial equilibrium model with sunk export costs,
Handley and Limao (2017) compared the expected value of exporting (net of sunk entry costs)
with the expected value of waiting. This model aimed at studying the impact of uncertainty about
a foreign country’s tariff policy on firms’ decisions to invest and export. Firms experience an in-
creased option value of waiting if uncertainty increases. This model is then applied to analyze
Portugal’s accession into the European Union. Graziano et al. (2018) used a similar framework to
study Brexit uncertainty by considering uncertainty in both demand and tariff, showing that both
trade flows and export entry participation would decrease. However, their framework assumed

that firms face an exogenous death shock.

Steinberg (2019) modeled Brexit uncertainty with a three-country DSGE model, where hetero-
geneous firms face extensive margins a la Melitz (2003), and intensive margins a la Arkolakis
(2010). Hence, firms not only have to make the export participation decision, but also need to
advertise in order to penetrate into the foreign market. The model featured uncertain import tar-
iffs and iceberg trade costs, calibrated to different Brexit scenarios. With this firm-level dynamic
export participation model, Steinberg (2019) showed that while there are no substantial impacts
to macroeconomic variables in the short run, Brexit will lower GDP, consumption and trade flows
in the long run. Uncertainty cost is much smaller than pure Brexit effects, but has the same order
of magnitude as a business cycle. The intensive margin is not found to be important for Brexit

welfare costs while export participation matters. Neither has an effect on Brexit uncertainty costs.

Closest to this paper, Caldara et al. (2020) uses a two-country DSGE model where the representa-
tive household consumes a composite final good that consists of domestic and imported bundles
to study the transmission of trade policy uncertainty. Trade policy uncertainty is modeled as
import tariffs uncertainty, borrowing from the uncertainty literature by positing that import tar-
iffs follow an AR(1) process with an AR(1) volatility process. However, tariffs levels are discrete
and uncertainty about import tariffs can be better modeled in a Markov-switching DSGE mode.
Monopolistically competitive firms face endogenous export entry and exit a la Alessandria and
Choi (2007) with per-period export cost. The authors find that due to the export entry cost being
higher than the export continuation cost, the probability of exporters staying as exporters would

increase following import tariffs uncertainty:.

Different papers have opposing conclusions on the effects of trade policy uncertainty, with Cal-
dara et al. (2020) and Graziano et al. (2018) finding trade policy uncertainty matters whilst having

opposite conclusions on the qualitative effects on export participation; and Steinberg (2019) find-



ing minimal TPU uncertainty costs, it is important to understand the puzzle amid the ongoing
trade policy uncertainty. More importantly, the trade policy uncertainty literature has thus far ab-
stracted from models that feature multinational firms, which have been shown in empirical data
to have a growing contribution to sales. Moreover, studies like Dhingra et al. (2016) and Pain
and Young (2004) have explored the effects of Brexit on foreign direct investment. Foreign direct
investment (FDI), where firms from other countries invest in the domestic market through green-
field investment, expansion of subsidiaries or cross-border merger and acquisitions (M&As), can
be beneficial for the country due to spillover of knowledge and thus the increased productivity

of the domestic market.

This paper contributes to the growing literature on trade policy uncertainty by considering its
effects in a two-country DSGE model with both exporters and multinational firms. This is done
by (i) applying the stochastic volatility models from the uncertainty literature to trade policy
uncertainty, (ii) extending the endogenous export entry and exit framework from Alessandria
and Choi (2007) to include endogenous MNE entry and exit, and (iii) borrowing insights from
the current trade policy uncertainty research that focuses on exporters only. This paper will thus
address the disagreements about trade policy uncertainty effects among the current literature via

this novel extension.

4 Model

This paper considers a New-Keynesian Dynamic Stochastic General Equilibrium model with 2
countries - Home (H) and Foreign (F). The representative household consumes a composite of mo-
nopolistically competitive retail goods that consists of intermediate varieties produced by Home
and Foreign monopolistically competitive heterogeneous firms. The model features the conven-
tional rigidities, i.e. sticky prices and capital adjustment costs, and trade policy uncertainty about

non-tariff barriers.

Foreign variables are denoted by an asterisk; and the country of origin and the production location
of the goods are denoted in the first and second subscript respectively. Hence, for example, y,;,
denotes a good consumed by Home that is produced in a Home-owned Home plant at time ¢; and
Yry, denotes a good consumed by Foreign that is produced in a Foreign-owned Home plant at

time ¢.
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Figure 4: Model Building Blocks
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Notes: The Home representative household consumes a composite of monopolistically competitive retail goods Y, (i)
that consist of intermediate varieties produced by Home firms y,, ,(j), by Foreign exporters y% ,(j), and by Foreign

MNEs yl{YIt( J)- Exporters face non-tariff measures (modeled as iceberg transport costs).
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4.1 Households

Each country has a representative household that maximizes lifetime utility by choosing final
good consumption C;, hours worked L;, nominal Home and Foreign bond holdings By ;1 and

Br 111, and investments in physical capital I; and technological capital S; at time ¢.

The representative household has a Greenwood-Hercowitz—Huffman (GHH) utility, which is fre-
quently used in open-economy models following Mendoza (1991), and has a habit persistence that

depends on its previous consumption. Hence, it solves the following optimization problem:

g 14 1-o
s [(Ct -bCi1) - mLt
max E; Z B , (4)

{CoLodpStBrosBron} s.L5)(6) 4 l-o

where f € (0, 1) is the subjective discount factor, b € [0, 1) governs the intensity of habit forma-
tion, ¥ is the disutility of labour, ;1 > 0 is the Frisch inverse elasticity parameter and ¢ > 1 is the

risk aversion parameter.

The representative household receives the real wage rate w; for its labour hired by intermediate
firms and the real physical capital rental rate r¥ for its physical capital K; rented by intermedi-
ate firms. The household also receives the real price p; for selling technological investment S;
to the intermediate firms, but faces quadratic investment adjustment cost a la Christiano et al.
(2005). This type of technological investment is different from tangible capital and can include re-
search and development (R&D) investment, brand equity investment, and organizational capital
(Kapicka, 2012). The household also receives a lump-sum transfer 7; from the government, which
is in units of the final good, as well as the nominal profits from retailers Ty, (i) and the monop-
olistically competitive firms IT;(j). R;_; is the nominal gross return on the one-period nominal
Home bonds By issued in period ¢t — 1 and P; is the nominal price of the final good. Similar for

R*

;> nominal gross return on the nominal Foreign bonds Br.

Hence, the budget constraint is

S B B
Ci+ |1+ E(_t _ 1)2 S, +1, + H,t+1 + €tDF t+1
2 St—l Pt Pl’
k Rt—l GtR;k_l HYt(l) Ht(]) (5)
:tht+rth+p§St+—BHt+—BFt+Tt+/ : di+/ dj,
Pt ’ Pt ’ Pt Pt

where x > 0 is the technological investment adjustment parameter.
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The law of motion for the physical capital investment is

I 2
Kiyi= (1 =6)Ki + |1 - g (I—t - 1) ] Iy, (6)
-1

where 8 € [0, 1] is the depreciation rate.

Consumption and investments in both technology and physical capital are made up of the final
good Y,, which is a constant elasticity of substitution (CES) aggregate composite of retail goods

Y, (i) with an elasticity of substitution of ¢ > 0:

¢
S P g1 |é-1
R i R e e A AU S AN
2 St—l 2 Pt—l
where the %P PI: = - 1)%Y, term is from the price adjustment faced by retailers, to be defined in

the next subsection.

4.2 Retailers

Each country has a continuum of monopolistically competitive retailers indexed by i € [0, 1] that
use a nested CES technology to produce a differentiated retail good Y, (i). In particular, the retail
good is a CES bundle of the Home bundle Y, , (i) and the Foreign bundle Y ,(i):

0
6-1

Y,() = |00 Y, ()T + (1 - ) Y, ()T |, (8)

where w € [0,1] denotes the relative weight of the Home bundle (indicating Home bias for

w > %), and 6 > 0 is the elasticity of substitution between the bundles.

The Foreign bundle is in turn a CES aggregate of the Foreign exporters bundle and the Foreign
MNE bundle:

i/
-1

1 g -1 1M n-1|n
Ve, (i) = [vivEG) T + (=) YD) T |, 9)

where v € [0, 1] denotes the relative weight of the exported bundle, and > 0 is the elasticity of

substitution between the bundles.

The aggregate Home bundle consumed by the Home country Y}, , combines all Home intermediate

varieties yl";[ ;(j) from (i) Home local firms, (ii) Home firms that are exporters, and (iii) Home plants

13



that are owned by Home multinational firms, where ¢ € {L, E, M}. The Foreign exported bundle
Ylf , contains intermediate varieties yl{f ;(j) from Foreign exporters while the Foreign MNE bundle

YFAﬁ contains varieties y%t (j) from Foreign MNEs.? The aggregate bundles thus have the following

forms:>

- E;l 5%1

YH,t = / yH,t(j) € d]] ; (10)
L/ je[0,1]
_ - :sl

Y, = / . yr, () < dj| (11)
ERACH
- - ﬁ

Yei = /M yr, () dj| . (12)
| Jiem;

where ¢ > 0 is the elasticity of substitution between intermediate varieties, and M; and &;

denote the set of Foreign multinational firms and exporters in period t, respectively.

Retailers’ nominal profits are thus:

Iy, (i) = Pr()Y; (i) — Py Yy, (i) — PreYp, (i) — AC (i), (13)

where P;(i) is the nominal price of the differentiated retail good. Py, and Pr;, are the price

indices for the Home, and Foreign bundles respectively. Retailers are subject to price adjustment
. 2

costs AC;(i) = %P (Pff—f’()l.) - 1) Y, ala Rotemberg (1982), with pp > 0 being the price adjustment

parameter.

Under cost minimization, the demand functions for the bundles are

Pus |7°
YH)t(i):a)[Mc’t] Y, (i); (14)
-6
Yy, (1) = (1 - w) [A%] Y, (i) (15)

1
where MC; = [a) (PHJ)I_Q +(1-w) (PF’t)l_Q] ™ is the marginal cost of retailers.

“It is assumed that the household views intermediate varieties from Foreign-owned Home plants as Foreign
products.
3Firms are symmetric under Rotemberg price adjustment.
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et PE

-n
Ylf,t(i) =V l P L ] YtF(i)§ (16)

Fit

M 171
. F, )
Y = (1-v) [P—t V(D). (7)
Ft
The demand functions for the intermediate varieties are
[P ()] N0 ) .
¢ .. Ht Ht .t .
= = Y. (i), € {L,E, M}; 18
i) = || e | Mct] (i), g€ {LEM) (18)
F HE o\ ]—¢ E /"¢ E 1-71 _0
P RE ] PE, Pry | [MC ] T
(PG| PU) PR [ Pey 170
M /- Fit M Fit Ft Ft .
= Y., =(1-v)(1-w — Y. (i); 20
O Rl [ Mct] (0 (@0)

where P (), P% (j)and Pf ;(j) are the Home currency intermediate varieties prices set by Home

firms, Foreign multinational firms, and Foreign exporters, respectively.

4.3 Monopolistically Competitive Firms

Each country has a continuum on the unit interval of monopolistically competitive firms that
produce one intermediate variety each. Each firm j can operate in one of three different config-
urations indicated by ¢;: (i) ¢; = L: operate only locally to produce yIL{, ,(j) for the Home market,
(ii) ¢; = E: operate locally to produce yfl’ ,(J), as well as yff;( j) for Foreign via exporting; or (iii)
¢ = M: operate locally to produce y% ,(J), as well as ygj (j) for Foreign by operating a Foreign
plant as MNE.

The production function has the usual constant-returns-to-scale Cobb-Douglas form, where y €
(0,1) governs the input share of technological capital n;(j), @ (1 — y) governs the input share
of capital k;(j) and (1 — a)(1 — y) governs the input share of labour ;(j), with @ € (0, 1).
Intermediate firms’ total factor productivity depends on the aggregate productivity A;, which
follows an AR(1) process with persistence ps € (0, 1), and the idiosyncratic i.i.d. productivity

z;(j) that has standard deviation o, > 0.
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The production function for a firm that is either a local firm j € £; or an exporter j € &; is thus:
. : . s NGt : N1-a\ 17X
vy, () +E()) e yi,(§) = Az () ni L ()X (kﬁl,t(J)al,%,t(J) “) , ¢e{LE} (21)

1 if je&
where E;(j) = serves as an indicator function for whether firm j is an exporter
0 otherwise
or not at time ¢. If firms export, they face non-tariff measures e¢* modeled as iceberg transporta-
tion cost. These are posited to follow an AR(1) process with volatility following another AR(1)

process.

gt = pfgt—l + exp(“&) ug, Ug ~ N(O’ 1) (22)
0¢, = Poy0¢, + Vg Vg, ~ N(0,1) (23)

where p; € (0,1) and pg, € (0, 1) govern the persistence of the two AR(1) processes. ug, captures

unexpected changes in the level of non-tariff measures, whereas vy, acts as an uncertainty shock.

A multinational firm j € M; uses the same technological capital n;;lt( j) in both plants, but
needs to hire labour and rent physical capital from the country the plant is in. Hence, it uses
Home labour lﬁf, ;(j) and Home physical capital k% ;(J) to produce y% ;(j) for the Home country
and uses Foreign labour l}{fﬁ( j) and Foreign physical capital k%( j) to produce y%j (j) for the
Foreign market. Multinational firms do not face iceberg transportation costs when serving the
Foreign market. Thus, for j € M;, the production functions for the Home and Foreign plants are

respectively:

it () = Az (0 (kM B ) ) (24)

i () = A g, O (MO ™) 25)

Firms accumulate technological capital nf;lt (j) according to the law of motion:

Ny () = (1= 82) () + 533, (), ¢ € {LE,M} (26)

where §, € [0, 1] is the rate of depreciation for technological capital, and s, ,(j) is the techno-

logical capital investment.

Monopolistically competitive firms maximize profits by setting their own prices. Firms pay real

wages w; for Home labour hired lH, . (j), Qywf for any Foreign labour hired l%t( j), real rental rate
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k for Home physical capital rented ke, (J), Q;r* for Foreign physical capital rented k¥ (j), and
real capital price p; for the technological capital invested s, (j). Q: is the real exchange rate to

t(]) (

be defined below. Hence, within-period real profits ,(j) = excluding export/MNE entry

and continuation costs) for local firms, exporters, and mult1nat10na1 firms are, respectively:

7t () = P Dk, ) = welhy, () = rikfy () = pist (), € L (27a)

7t () = pr (D5 () + ety (Dyige () = welfy, () = rikfy () = sty (7). j € & (27b)
() = pi Gy, () = welly, () = rikit, () = pisty, (j)

Mg . M k (27¢)
+ QP (Dyi s () = Qew L () — Qurs kb (j),  j e My

where pH () = J) is the real price of the Home intermediate variety yH (), expressed in

terms of the Home ﬁnal good price P;. The Forelgn real price of the intermediate variety y ne)

(J)

exported by a Home exporter is p L) = , while the Foreign real price of the intermediate

(J)

variety yy t( j) produced by a Foreign- located plant owned by a Home MNE is p L) =

Both are expressed in terms of the Foreign final good. Q; = P_t denotes the real exchange rate,
with € being the nominal exchange rate, defined as the Home currency price of the Foreign

currency.

Intermediate firms are assumed to use Producer Currency Pricing (PCP), where prices are set in

the currency of the producers.* As a result, the optimal price setting is
Put(j) = EtPE,t(j) (28)

&P, (j) = P, (j) (29)

th )

Equivalently in real terms, p,, ,(j) = Qg ,(j) and Pr. L) = . Prices are a constant markup

over marginal costs. Under this specification, exchange rate pass through is one-to-one.

Export and foreign direct investment dynamics are similar to Alessandria and Choi (2007), in
which firms need to pay fixed costs f$-1(¢;) that are in terms of units of foreign labour. Firms
that only sold to the Home market in the previous period, i.e. j € £;_1, can choose to stay in the
Home market or export to the Foreign market with export market entry costs f£(L). For firms
that exported in the previous period, i.e. j € &;_;, they can choose to exit the export market

and only sell locally, or continue to export at a fixed export continuation cost f£(E), or operate

*See Corsetti and Pesenti (2009) for an overview of different pricing schedules.
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a Foreign plant with MNE entry costs f¥(E). Multinational firms in the previous period, i.e.
j € M;_1, can continue to operate as a MNE with continuation costs f*(M) or export with a
“continuation” cost equivalent to the size of export continuation cost f£(M) = fE(E). Entry costs
are assumed to be higher than continuation costs, thus for export costs, f£(L) > f£(E) and for
MNE costs, fM(E) > fM(M).

The transition relative frequencies between states are listed in Table 1. Monopolistically compet-
itive firms have endogenous export and MNE entry and exit decisions every period. They are not
allowed to jump directly between being a local firm and being a multinational firm for analytical

tractability.

Table 1: Transition Relative Frequencies

jel, je& jeM | X

j€ Ly | Py Pre: 0 1
1

1

J€E-1 | Pery  Prgy Pept
jE M 0 Pue:  Pumye

Notes: Monopolistically competitive firms have endogenous export and MNE entry and exit decisions
every period. For analytical tractability, they are not allowed to jump directly between being a local firm

and a multinational firm.

The law of motion for exporters is thus:
1E¢] = (1= |Ep1| = IMiz1]) X Prgs + |Ee=1] X Pegs + | Mi—1| X Puess (30)
whereas the law of motion for multinational firms is:

IM:| = |Er=1] X Pears + |IMi—1] X Priase. (31)

G-1

711 2t-Gi-1) and aggregate state variables

Each intermediate firm has individual state variables (n
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(A, eft). Hence, intermediate firms need to solve the following dynamic problem:’

G-1 . _ : .
Vi (”Ht:zt; Gt-1; Ap, 65’) = . Jnax 7 (j) + EeMy 141 Vi (UH p1r 2141 G5 At ef”l)
’ SH,p ' H 10 >
Ly oo oK
Pr o PH
YuoYm
. . (32)
0 if g:(j) =L

- QtW?fE(Qt—l) if ,(j) = E
Qtw?fM(Gt—l) if ¢:(j) =M

where firms maximize profit and pay the export cost Q;w; f£(g;-1) if they export and Q;w; fM(g;-1)

MUC,t+1
MUCJ

household problem, with MU¢; being the marginal utility of the household at time ¢.

if they operate as a multinational firm. M; ;41 = is the stochastic discount factor from the

Using (26) and (27), the optimality condition for the technological capital investment s, , is
Pt = BeM 11 Va1 (33)

Given that the idiosyncratic productivity z; shock is i.i.d. across firms, this means that the tech-
nological capital demand n,,, depends on the firm’s status ¢, in the previous period but is in-

dependent of z; and z;4;.

For notational convenience, I now define the following partitions of the set of the possible firm
statuses: d = {L,E} and f = {E, M}. I now discuss the thresholds between (1) being a local firm

and exporting, and (2) exporting and being a multinational firm.

The first threshold exists for those with firm status ¢;—; € d in the previous period. In particular,
there is a productivity threshold z¢ such that the value function for staying local Vi equals the

value function for exporting VF:6
d 5d d zd
VtL(nH)t,zt,d) = VtE(nH)t, zi,d). (34)

The second threshold is for those with firm status ¢;_; € f in the previous period. Hence, there is a

productivity threshold 2{ such that the value function for exporting V£ equals the value function

SFor notational convenience, when the variable does not contain a superscript, it indicates all possible combina-
tions of the states.

®With a slight abuse of notation, I denote d to be both the subset and the firm’s actual status in the previous
period.

19



for operating a plant in each country VM:

VE), 2. f) = vM(nl, . 2L f). (35)

By plugging in the labour and physical capital demands, as well as the optimal prices, into the
profit function (27) within the value function (32), the threshold (34) becomes

Qi FE(d) + 9} () = s )

. a(ev-1)
w; 11-¢v . _ 1= a w
=12 () ) f]

— ok
= l-ar (36)
E B = Ex)’
x (FHJ + rHj;) (FHJ n effrHj;) - Ly’ - — [(FHJ 4 e’ftrHj;) - rH,tV] ]
+ BeMy i1 [ Vier (141 (1), 26611, B) = Visr (ng 1 (s 2001 (). D) |
where 2 = (1 - y)(1 - 0{)% and v = m for easier notation. Iy, = p, Y, , and Ffl*t =

£
(Qtpg*t) Yg*t denote the Home and Foreign market size that Home local firms and exporters

have access to. The proof is in Appendix B.4.

The left hand side of the threshold condition is the extra cost paid by the intermediate firm if it
chose to export rather than staying local, which includes the export entry cost Q;w; f£(d) that

depends on the export status at the beginning of the period, as well as the cost of the higher

E _ L
H,t+1 nH,t+1

of the threshold condition is the extra benefit from exporting, stemming from the larger market

technological capital p;(n ) needed to serve the larger market. The right hand side

size, as well as the higher expected value in the next period due to the export continuation cost

being lower than the export entry cost.

Similarly, the threshold between exporting and operating as a multinational firm in (35) can be
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rewritten in terms of the extra benefits and extra costs from being a multinational firm:

Qi LF(F) = FEOT+ 5 (10 () = 1y s )
:(A yc)(f—l)v o1y [L]a(sv—l)

nH,t 1-—a

w118V | wy ey v Ex & Ex -1 2 [FHJV - (rH,t + e‘ftrll—slj‘)v]
X [:] — [rH,t - (FH,t + 1hr,t) (TH,t + e”rH,t) - ]
= rt 1—-«a
w 1—gv > a(ev-1) _
t t = MxV
+ |-t 1-——|T
E] [rf*] O [ 1‘“] e }
+ EiM; 141 [Vt+1(n%t+1(j),zt+1(j),M) - Vt+1(n£[,t+1(j),Zt+1(j)’E)] )
(37)

where FI]}’I:‘ = pIA{’I’;EYI]}’It* denotes the Foreign market size that a Home-owned multinational firm

has access to.

4.4 Monetary Policy

The monetary authority sets the nominal interest rate R; following an inertial Taylor rule to

stabilize output growth and inflation. Hence monetary policy takes the following form:

) ()
=) \v_
t—1

where ¢ € (0, 1) is the coefficient of interest rate smoothing, and R and 7" are the steady state

1-¢r

R = (Rt—1)¢R (38)

nominal interest rate and inflation, respectively. ¢, > 0 and ¢y > 0 govern the weights of

inflation ¥ = % and output growth % respectively.

4.5 Government

The government budget constraint is as follows:

Tt E
e PF, ;

E
oY =T (39)
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The government collects import tariffs to pay for transfers to households, maintaining a balanced

budget in each period.

4.6 Equilibrium
A competitive equilibrium is a process of prices and quantities such that,

(i) Taking prices {wy, rl‘, pi € R, R}, P, T; 1.2, as given, the allocation {Cy, Ly, By 141, Br 41,

I, K1, 5¢},2, solves the household’s problem.

(ii) Taking prices {Pg, Pfcwt, Pft, Tt} 4o, as given, the allocation {P; (i), Y; (i) Y, (i), YFMt(i),

YI{“:: (D) };2, solves the retailer’s problem.

(iii) Taking prices {w;, w’, rk, rk*, p3 O, eft, FE(L), FE(E), fM(E), fM (M)}, as given, the alloca-
gpP 2151t Py t=0 35 8

tion {kH,l’s kF,l' (J)’ lH,t(j)s lF,l’ (])’ SH,t (])’ PH,l’ (])’ p;i[)t(j)s p}*IF’t(j)3 yH,t(j),
Yy, () }2, solves the intermediate firm’s problem.

(o)

2, satisfies the Taylor rule in Equation (38).

(iv) The gross nominal interest rate {R;}
(v) The import tariffs {z;, T; },°, satisfies the government budget constraint in Equation (39).

(vi) The labour market clears.

L= (1— & = IM:i]) IILJ,t + &4 lﬁ,t + My lﬁ{t + M| l?_f;“
+ (1= 18| = IMD Prg, S5 (L) + 187 B, fH(E)
+ 1611 Py FME) + IMLy| P M),

where (2) Iy, = [, L, (DA, 0) I, = [ g 1y (DA, © B, = [y 1y, (7)), and (d)
b=/ e b (D).

(vii) The technological capital market clears.
L E M
Nv1 = (1= |Ee| = IMe]) ny g + 1S nfypyq + IMelngp s

L — . . E _ . . M _ . .
where @ g, = [ g (DAL O g = [iog nyg e (Ddi and @ myy = [y iy (1)d)

(viii) The physical capital market clears.
Ki = (1= 18] = IMD) ki, + &l kg + IMel kg, + IME L gy
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where (a) kﬁl,t = /jezt kH’t(j)dj, (b) kﬁ,t = /jGSt kH’t(j)dj, (c) k%t = Jiem, kH’t(j)dj, and (d)
ks :jjeM; ki, (J)dj.

(ix) The final good market clears, satisfying Equation (7).

(x) The bundle market clears.

/ Y, (i) di = Y
i€[0,1]

/ YiL () di = Y},
ie[o,1] '

/ Yﬁt(i) di = Ygt
i€[0,1]

(xi) The intermediate good market clears, satisfying Equations (10), (12), (11).

.. B i
(xii) Bond markets clear. =X + - =0
Pt etPt

where analogous variables and equations exist for Foreign.

5 Solving the Model

5.1 Solution Method

The model is solved using the third-order perturbation method via Dynare 4.4.3 on Matlab 2019a.
Caldara et al. (2012) solved a DSGE model with recursive preferences and stochastic volatility us-
ing several computational methods and showed that second- and third-order perturbation meth-
ods are accurate and computationally efficient compared to Chebyshev polynomials and value
function iteration. Fernandez-Villaverde et al. (2011) showed that shocks to volatility will not play
a role in the first-order approximation of the policy functions as the approximation is certainty
equivalent. In the second-order approximation, volatility will only appear in the cross-product
terms with the level innovations. Hence, third-order perturbation is necessary here to isolate the
effects of trade policy uncertainty shocks. This method has been used in the literature, such as
Fernandez-Villaverde et al. (2011), Basu and Bundick (2017), and Bonciani and Oh (2019), to show

the direct effects of uncertainty.

Impulse response functions are calculated surrounding the risky (or stochastic) steady state where
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risk-averse agents expect future risk but realization of shocks is zero. This differs from the deter-

ministic steady state from the perfect foresight case.’

5.2 Calibration

The export and multinational firms entry and continuation costs are calibrated to match 2017 U.S.
export and multinational firms. The masses of exporters and multinational firms are calculated

using the U.S. Census and the Bureau of Economic Analysis data on the number of firms.

Table 2: Model Parameters

Parameter Description Target
Prr Export Market Exit Rate 0.0099
Pue MNE Exit Rate 0.0033
|E] Mass of Exporters 27921”223603 =0.24799
IM]| Mass of Multinational Firms 2;’13’% = 0.00450

Notes: The per-period export and MNE entry and continuation costs in the model are calibrated to tar-
get the masses of exporters and multinational firms, as well as the steady state exit rates of exporters
and multinational firms. Masses of exporters and multinational firms are calculated using the 2017 U.S.
Census and the Bureau of Economics Analysis data while the exit rates are inferred from Caldara et al.

(2020) and Gumpert et al. (2020).

Export market exit rates are found from Caldara et al. (2020), while multinational operation exit
rates are estimated from Gumpert et al. (2020), which stated that exit rates of exporters are higher

than those of affiliates of MNEs, reaching two- to threefold compared to new affiliates.

Using the targets in Table 2 and the law of motion for multinational firms (31) in steady state form

IM| =|E| x EET";, I can pin down Pgy. Similarly, the targets and the law of motion for exporters

(30) in steady state |E| = Fip can help pin down Prg, aong with P;p = 1 — Pprg.

Prp+Per+PEMXPLE/PME
Finally, Pgg = 1 — Pgp — Pgar. These are then translated into quarterly frequency:.

The rest of the parameters are mostly taken from the literature and are listed in Table 3. Param-
eters for the utility function come from standard open-economy models such as Backus et al.

(1994), with the discount factor f set to 0.99 and the coefficient of relative risk aversion o set to

"While Coeurdacier et al. (2011) proposed to solve for the risky steady state by using a second-order approxi-
mation of the Euler equation, it was proved to be inaccurate method (Den Haan et al., 2015).
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2. Other parameters for the GHH utility come from Caldara et al. (2020), with the disutility of
labour ¢ set to 29 and the inverse Frisch elasticity y set to 1. The habit formation parameter b
follows Boldrin et al. (2001) and is chosen to be 0.73.

The elasticity of substitution between the differentiated retail goods ¢ follows from Caldara et al.
(2020) and is set to 11. The elasticity between intermediate varieties ¢ follows from Alessandria
et al. (2014), thus it is set to be 5 to generate a producer markup -5 of 25 percent. The home-
owned firm bias w follows Backus et al. (1994) and is set to be 0.85. I allow domestic and foreign
goods to be complements, and hence set the elasticity of substitution to be § < 1. On the other
hands, I assume households treat foreign exported goods and MNE goods as substitutes, and

hence the elasticity of substitution is assumed to be n > 1.

The investment adjustment cost k is set to 10 a la Caldara et al. (2020) to ensure that the uncondi-
tional standard deviation of capital investment is about twice as large as that of GDP. Depreciation
rates of technological capital and physical capital are taken from Kapicka (2012), where techno-
logical capital is expected to depreciate at a higher rate as it includes R&D investment, which
has a higher depreciation rate according to Bureau of Labor Statistics data (see Kung (2015) and
Bonciani and Oh (2019)). For the firm side, the technological capital share y and the physical
capital share a(1 — y) follow from Kapicka (2012).

Parameters for the intermediate firms’ productivity follow from Caldara et al. (2020). The AR(1)
aggregate productivity A; has a persistence p of 0.95, and the firm specific productivity z;(j) has
a standard deviation of 0.5. The Rotemberg price adjustment parameter pp is set to be 561.15,
which to a first order approximation implies a Calvo parameter of 0.975 (Lombardo and Vestin,

2008), hence firms on average update price every 40 quarters.

The inertial monetary rule has inertia parameter ¢ of 0.85, which is consistent with the “mod-
ernized” Taylor rule set by the Fed (Kliesen, 2019). The weight on inflation in the Taylor rule ¢,
is set to be 1.25, whereas the weight on output ¢y is set to be 0.35.

The persistence of the trade costs p; is set to 0.99, while the persistence of import tariff volatility
Po. is set to 0.96 following Caldara et al. (2020), who estimated the import tariff AR(1) with AR(1)
process using 1960:Q1 to 2018:Q4 U.S. aggregate import tariff data.?

8The tariffs series is reconstructed using product group-level data and presented in Appendix A.
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Table 3: Model Parameters

Parameter Description Value
Households
B Discount factor 0.99
b Habit formation 0.73
1/ Disutility of Labour 29
o Risk Aversion 2
J7; Inverse Frisch Elasticity 1
Firms
0] Elasticity of substitution between retail goods 11
@® Relative share of Home bundles 0.85
0 Elasticity of substitution between Home and Foreign bundles 0.5
v Relative share of Foreign-exported bundle 0.5
n Elasticity of substitution between exported & MNE bundles 1.5
Pp Price adjustment parameter 561.15
€ Elasticity of substitution between varieties 5
X Technological capital share 0.1041
a Physical capital share 0.3728
On Rate of technological capital depreciation 0.04
Ok Rate of physical capital depreciation 0.01125
Capital investment adjustment cost 10
P Persistence of aggregate productivity 0.95
ot Standard deviation of idiosyncratic shock 0.5
Entry and Exit
FE(L) Export entry cost 0.8204
fE(E) Export continuation cost 0.0465
fM(E) MNE entry cost 25.3584
FM(M) MNE continuation cost 0.6567
Monetary Policy Taylor Rule
Or Inertia Parameter 0.85
O Coefficient on inflation 1.25
dy Coefficient on output growth 0.35
Uncertainty Processes
pe Persistence of non-tariff measures 0.99
Po; Persistence of non-tariff measures volatility 0.96
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6 Model Experiments

This section studies the effect of trade policy uncertainty in the form of non-tariff measures un-
certainty. As the model extends from Caldara et al. (2020) by allowing firms to be multinational

firms, I first shut down this channel to recap how trade policy uncertainty would affect exporters.

6.1 Without Multinational Firms

To return to an exporters-only framework, the steady state probability Pgys of switching from
being an exporter to being a multinational firm is set to 0 and the steady state probability of the
reverse Pyr is set to 1. I now study the effects of uncertain trade costs in this framework. The

impulse response functions are shown in Figure 5.

This case is similar to the one studied in Caldara et al. (2020), with the main difference being that
Caldara et al. (2020) had uncertainty around tariffs while the case presented here has uncertainty
modeled as an iceberg trade cost.’ In either case, the basic intuition is that when exporters face
uncertainty over trade costs, they would rather stay on as an exporter than leave. This is because
if they leave the export market, they would need to incur a high export entry cost if they were to
reenter. Hence, they would rather pay the smaller export continuation cost. Since the decrease in
the probability export entry is relatively smaller than the probability of existing exporters staying
as exporters, overall there is an increase in the mass of exporters. Due to nominal rigidities,
retailers charge a higher markup, thus consumption and investment both decrease due to the

usual precautionary saving channel. As a result, GDP falls under the trade policy uncertainty
shock.

9For a direct comparison with Caldara et al. (2020), the coefficient on output in the Taylor rule ¢y needs to be
set to 0. There is no technological capital in the Caldara et al. (2020) model and firms instead accumulate physical
capital.
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Figure 5: IRFs of Trade Policy Uncertainty Effects without Multinational Firms
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Notes: By forcing the steady state probability Pgy of switching from being an exporter to being a multinational firm
to 0 and the steady state probability of the reverse Pyg to 1, the model now only allows exporters and shuts down the
multinational firms channel. The figure shows impulse response functions to uncertain non-tariff measures, modeled
as iceberg trade costs.

6.2 With Multinational Firms

Taking away the restrictions set in the previous section, the full model now allows for the exis-
tence of multinational firms. Figure 6 shows the impulse response functions to uncertain trade
costs. As seen in the figure, the economy reacts differently to trade policy uncertainty shocks now
that firms can serve a foreign market by being a multinational firm. Consumption still decreases,
as the precautionary saving channel is still present, but both technological and physical capital
investment now increase. Hence, there is now a lack of comovement between consumption and
investment. While New Keynesian models tend to have a comovement between consumption
and investment (see Basu and Bundick (2017)), the lackthereof has also been documented, such
as in Di Pace and Gortz (2021). As suggested in Di Pace and Gortz (2021), the lack of comovement

can be caused by the absence of frictions in credit provisions.
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Figure 6: IRFs of Trade Policy Uncertainty Effects with Multinational Firms

Trade Costs 35[i|l]€:.il.l'€:. Dev. Trade Costs Tech Iivestiment Physical Cap. Luv.

pE———" 02
pac 0.08
£ 05 w—p— [ calized 2 :
& 52 006 015
@ @ 5 5
a & 20,04 2 01
= = £ £
8 81 0.02
g -05 £ 0.05
o
-1 0 0
[i] 10 20 [i} 10 20 0 10 20 [1] 10 20
o Comsumption Exports Mass of Exporters Mass of Multinational Firms
08 2 0.002
005 £ £
- 06 3 154 5 0.0015
= = [in o
2 .01 ] 2 )
gf gf 0.4 g q g 0.001
& &
015 / 02 gos £ 0.0005
-02 o 0 0
[i] 10 20 [i} 10 20 [1] 10 20 [1] 10 20
Prob. Export Entry Prob. Stay Exporter a Prob. MNE Entry Prob. Stay MNE
o e
[}
% 00 'E .'E -0.0001 .'E o4
g g g g
@ @ o -
g-002 g g-0.0002 goz2
8 82 8 8
2
5 5 5 -0.0003 5
&£ -003 & & & o
o -0.0004
0 10 20 i} 10 20 0 10 20 [i] 10 20

— B aseline

Notes: The figure shows the impulse response functions to uncertain trade costs in a model with exporters and

multinational firms.

From the figure, it can be seen that the probabilities of staying as an exporter and staying as a
MNE both increase immediately upon a trade policy uncertainty shock. The two increases are due
to export (or MNE) entry costs being higher than export (or MNE) continuation costs, thus firms
would rather stay as an exporter (or MNE) than leave. The increase in the probability of staying as
an exporter is (1) greater than the increase in the probability of staying as a MNE, and (2) greater
than the probability in the exporters-only case. The former is because exporter continuation cost
is lower than the MNE continuation cost. Hence, it is easier for firms to reenter as exporter than to
reenter as a MNE. The latter is because if exporters leave the market, they would need to reenter
to be an exporter before having the opportunity to become a multinational firm, thus incurring
two high entry costs. This makes it more likely for firms to stay as exporters. On the other hand,
the probabilities of export and MNE entries only decrease by a small amount, as the uncertainty
over trade costs is resolved quickly. The combination of these four changes thus drive both the
mass of exporters and the mass of multinational firms up following uncertainty shocks to trade

policies. The change in the mass of exporters remains positive
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6.3 Robustness Checks: Effects of Nominal Rigidities

To understand the results better, I now conduct a sensitivity analysis with flexible prices (Flex
Prices). Figure 7 plots the impulse response functions from the baseline case, i.e. in a model with
MNEs, with the results from the alternative experiment. It can be seen that the predictions on the

entry, exit and mass of exporters and multinational firms are highly similar for these two cases.

Under “Flexible Prices”, the price adjustment parameter pp is set to 0 and thus retailers will only
charge a constant markup over the marginal cost. As seen in the figure, nominal rigidities are
key for the impact on consumption and investment. This is because when there is trade cost
uncertainty, the cost of the imported bundle Ylf?j ;> and thus the marginal cost of producing the
retail good, is unknown. As a result, when price adjustment is costly, retailers would charge a
higher markup to avoid selling at too low of a price in the future. The higher markup thus would
lead to a fall in consumption. Absent the higher markup, consumption and investment expand
via standard Oi-Hartman-Abel effects. However, it is worth noting that the predictions on the

movements of exporters and MNEs remain largely the same as the base case.
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Figure 7: Robustness Checks for Trade Policy Uncertainty Effects
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Notes: Impulse response functions from the baseline case with MNEs are compared with the case where price ad-

justment is set to 0 (Flexible Prices).

7 Discussions and Conclusion

This paper serves as a first attempt to explore the effects of trade policy uncertainty in a model
with multinational firms. It uses a DSGE model that allows for endogenous export and MNE entry
to show that under non-tariffs barrier uncertainty, the mass of exporters will increase as exporters
would continue to stay as exporter to avoid paying the entry cost if they exited the market, and
to accumulate export experience to become a multinational firm. The mass of multinational firms
also increases, though the increment is much more short-lived. As exporters and multinational
firms are known to be more productive than local firms, this implies that the long run productivity
can be affected when there is high trade policy uncertainty in the economy. This would be an
even greater impact if there is technological spillover between countries (see Bianchi et al. (2019)
and Bonciani and Oh (2019) for a discussion on endogenous growth due to R&D technology

spillovers).

There is much left to explore in relation to this paper. I assumed that firms enter multinational
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operation via greenfield entry, thus not capturing another mode of multinational operation entry
— cross-border merger and acquisition. Antras and Yeaple (2014) showed that while establishing a
new facility in a foreign country is not fundamentally different from the acquisition of an existing
foreign firm, they are not perfect substitutes. Moreover, foreign direct investment in this paper
was also restricted to horizontal FDI, where firms expand by replicating their production overseas
to save on trade costs. Alternative models can explore vertical FDI, where firms move some parts
of the production process overseas due to cost differences. Finally, given that this is a two-country
model, it is unable to account for third-country sales by MNE affiliates, where sales go neither
to the host nor the source country, but to another country altogether. In a world where global
value chains are a prominent feature, it is likely that trade policy uncertainty can spill over, as
MNEs seek to set plants in countries that have many secure bilateral trade deals in place, and are

geographically close to their desired markets.

References

Alessandria, G. and H. Choi (2007). Do Sunk Costs of Exporting Matter for Net Export Dynamics?
The Quarterly Journal of Economics 122(1), 289-336.

Alessandria, G., H. Choi, and K. Ruhl (2014). Trade Adjustment Dynamics and the Welfare Gains
from Trade. NBER Working Papers 20663, National Bureau of Economic Research, Inc.

Anagnostopoulos, A., O. Atesagaoglu, E. Faraglia, and C. Giannitsarou (2019). Foreign Direct In-
vestment as a Determinant of Cross-Country Stock Market Comovement. Cambridge Working

Papers in Economics 1978, University of Cambridge Faculty of Economics.

Anderson, J. E. and E. van Wincoop (2004). Trade costs. Journal of Economic Literature 42(3),
691-751.

Antras, P. and S. R. Yeaple (2014). Multinational Firms and the Structure of International Trade.
In Handbook of International Economics, pp. 55-130. Elsevier.

Arkolakis, C. (2010). Market Penetration Costs and the New Consumers Margin in International
Trade. Journal of Political Economy 118(6), 1151-1199.

Backus, D., P. Kehoe, and F. Kydland (1994). Dynamics of the Trade Balance and the Terms of
Trade: The J-Curve? American Economic Review 84(1), 84-103.

Baker, S. R., N. Bloom, and S. J. Davis (2016). Measuring Economic Policy Uncertainty. The
Quarterly Journal of Economics 131(4), 1593-1636.

32



Basu, S. and B. Bundick (2017). Uncertainty Shocks in a Model of Effective Demand. Economet-
rica 85(3), 937-958.

Bernanke, B. S. (1983). Irreversibility, Uncertainty, and Cyclical Investment. The Quarterly Journal
of Economics 98(1), 85-106.

Bianchi, F., H. Kung, and G. Morales (2019). Growth, slowdowns, and recoveries. journal of
Monetary Economics 101(C), 47-63.

Boldrin, M., L. J. Christiano, and J. D. M. Fisher (2001). Habit Persistence, Asset Returns, and the

Business Cycle. American Economic Review 91(1), 149-166.

Bonciani, D. and J. J. Oh (2019). The long-run effects of uncertainty shocks. Bank of England
working paper 802, Bank of England.

Caldara, D., J. Fernandez-Villaverde, J. F. Rubio-Ramirez, and W. Yao (2012). Computing DSGE
models with recursive preferences and stochastic volatility. Review of Economic Dynamics 15(2),
188-206.

Caldara, D., M. Iacoviello, P. Molligo, A. Prestipino, and A. Raffo (2020). The economic effects of
trade policy uncertainty. Journal of Monetary Economics 109(C), 38-59.

Chaney, T. (2008). Distorted Gravity: The Intensive and Extensive Margins of International Trade.
The American Economic Review 98(4), 1707-1721.

Christiano, L. J., M. Eichenbaum, and C. L. Evans (2005). Nominal Rigidities and the Dynamic
Effects of a Shock to Monetary Policy. Journal of Political Economy 113(1), 1-45.

Coeurdacier, N., H. Rey, and P. Winant (2011). The Risky Steady State. American Economic Re-
view 101(3), 398-401.

Corsetti, G. and P. Pesenti (2009). The Simple Geometry of Transmission and Stabilization in
Closed and Open Economies. In NBER International Seminar on Macroeconomics 2007, pp. 65—

116. National Bureau of Economic Research.

Den Haan, W., M. Kobielarz, and P. Rendahl (2015). Exact Present Solution with Consistent Future
Approximation: A Gridless Algorithm to Solve Stochastic Dynamic Models. CEPR Discussion
Papers 10999, C.E.P.R. Discussion Papers.

Dhingra, S., G. Ottaviano, T. Sampson, and ]J. V. Reenen (2016). The impact of Brexit on foreign

investment in the UK. CEP Brexit Analysis 3, Centre for Economic Performance.

33



Di Pace, F. and C. Gortz (2021). Sectoral comovement, monetary policy and the credit channel.

Bank of England working paper 925, Bank of England.
Dixit, A. and R. Pindyck (1994). Investment under Uncertainty (1 ed.). Princeton University Press.

Eaton, J. and S. Kortum (2002). Technology, Geography, And Trade. Econometrica 70(5), 1741-
1779.

Fernandez-Villaverde, J., P. Guerron-Quintana, J. F. Rubio-Ramirez, and M. Uribe (2011). Risk
Matters: The Real Effects of Volatility Shocks. American Economic Review 101(6), 2530-2561.

Graziano, A., K. Handley, and N. Limao (2018). Brexit Uncertainty and Trade Disintegration.
NBER Working Paper 25334, National Bureau of Economic Research.

Gumpert, A., H. Li, A. Moxnes, and F. Tintelnot (2020). The Life-Cycle Dynamics of Exporters

and Multinational Firms. Journal of International Economics (126).

Handley, K. and N. Limao (2017). Policy Uncertainty, Trade, and Welfare: Theory and Evidence
for China and the United States. American Economic Review: Economic Policy 107(9), 2731-2783.

Helpman, E., M. J. Melitz, and S. R. Yeaple (2004). Export Versus FDI with Heterogeneous Firms.
American Economic Review 94(1), 300-316.

Hong, T. (2021). Revisiting the Trade Policy Uncertainty Index. Cambridge Working Papers in

Economics 2174, University of Cambridge Faculty of Economics.

Hopenhayn, H. (1992). Entry, Exit, and Firm Dynamics in Long Run Equilibrium. Economet-
rica 60(5), 1127-1150.

Kapicka, M. (2012). How Important is Technology Capital for the United States? American

Economic Journal: Macroeconomics 4(2), 218—-248.

Kliesen, K. L. (2019). Is the Fed Following a “Modernized” Version of the Taylor Rule? Part 2.
Economic Synopses 2019(3).

Krugman, P. (1979). Increasing returns, monopolistic competition, and international trade. Jour-
nal of International Economics 9(4), 469-479.

Krugman, P. (1980). Scale Economies, Product Differentiation, and the Pattern of Trade. American
Economic Review 70(5), 950—-959.

Kung, H. (2015). Macroeconomic linkages between monetary policy and the term structure of

interest rates. Journal of Financial Economics 115(1), 42—57.

34



Lombardo, G. and D. Vestin (2008, aug). Welfare implications of Calvo vs. Rotemberg-pricing
assumptions. Economics Letters 100(2), 275-279.

McGrattan, E. R. and E. C. Prescott (2010, sep). Technology Capital and the US Current Account.
American Economic Review 100(4), 1493—-1522.

Melitz, M. (2003). The Impact of Trade on Intra-Industry Reallocations and Aggregate Industry
Producitvity. Econometrica 71(6), 1695-1725.

Mendoza, E. G. (1991). Real Business Cycles in a Small Open Economy. American Economic
Review 81(4), 797-818.

Pain, N. and G. Young (2004). The macroeconomic impact of UK withdrawal from the UK. Eco-
nomic Modelling 21(3), 387-408.

Ricardo, D. (1821). On the Principles of Political Economy and Taxation (3 ed.). McMaster University
Archive for the History of Economic Thought.

Rotemberg, J. J. (1982). Monopolistic Price Adjustment and Aggregate Output. The Review of
Economic Studies 49(4), 517-531.

Steinberg, J. B. (2019). Brexit and the macroeconomic impact of trade policy uncertainty. Journal
of International Economics 117(C), 175-195.

Vanek, J. (1968). THE FACTOR PROPORTIONS THEORY: THE N-FACTOR CASE. Kyklos 21(4),
749-756.

35



A Data

The targetted mass of exporters and mass of multinational affiliates in Table 2 are calculated using
2017 data from the U.S. the Census and the Bureau of Economic Analysis. In particular, the total
number of firms is taken from Census and the number of multinational firms is taken from Table
LA 2 “Selected Data for Foreign Affiliates and U.S. Parents in All Industries”.

Given that the import tariffs used in generating Caldara et al. (2020)’s import tariff uncertainty
proxy are measured at the aggregate level, there is concern that the series would be affected by
the composition of the imports. As any misspecification for tariff level would be absorbed in the
residual, o;, (or might be inaccurate in capturing import tariffs uncertainty. As a result, the tariffs

series is reconstructed using product group-level data.

Import data are collected from the USA Trade Online, which is provided by the U.S. Census
Bureau. In particular, monthly data from 2002 January to 2018 December on the import value
of goods that include cost, insurance, and freight (CIF value) are chosen. Tariffs data are sourced
from the World Integrated Trade Solution. The effectively applied (AHS) average (%) tariff is then
weighted by the corresponding trade value of the products in each product group at the HS-2
digit level.

After re-estimating the new series using particle filter with 10,000 burnins and 60,000 draws (see
Fernandez-Villaverde et al. (2011) for details in estimating the parameters of an AR(1) with AR(1)
process), the persistence of the tariffs p; is estimated to be 0.99, while the persistence of the import

tarift volatility p,, is estimated to be 0.76.

36



B Proofs

B.1 Intermediate Firm’s Optimal Price Setting

The cost minimization problem of an intermediate firm that only serves the local market j € £;

is as follows

Iln(1jr)1 wily () + ¥k, () + pisi ()

. — . N\ . - 1- .
s.t. Az (gt (DX (ke (DL )™ =y, ()
Hence Lagrangian is:

L =wili(j) + pisi (j) + 1 () [Atzt(j)nigj(j)x (i b)) = yH,t(j)]

where ®,;(j) can be interpreted as the marginal cost.

First-order condition of the Lagrangian is:

1-y
wi = ,()) (1= 0 (1 = Az (s ) (g ()l ()77
And thus, the marginal cost is:

wili (7)

(Dt(j) =
(1= (1 = DAz (D (D (K, (D, ()17

(A.1)

The firm maximizes profit by setting its own optimal price:

max [py () = (/)] ypr, ()
Pr.(J)
Substituting in the intermediate variety demand function (18) for y,; ,(j), the maximization prob-

lem becomes: .

‘ o | Pr ()
max [py,(j) — @:(j)] |—= Yy,
pH,t( ) H,t
First-order condition is:
(j) = ——,(j)
PH,t J) = c_1 t\J

which means that optimal price setting requires charging a constant marginal markup over marginal

costs. As a result, the intermediate variety price set by a Home local firm j € £; or by a Home
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exporter j € &; or by a Home plant owned by a Home multinational firm j € M, is

& thH,t(j)

-1 1-x@a- OC)AtZt(j)nilt(j)X (kH,t(j)alH,t(j)l_a)l_X

Py, (J) = - je{L,E M) (A2)

Similarly, the price of an intermediate variety sold to the Foreign country set by a Home exporter
is
£ thfl t(j )
e—1 1 . N1
a (1= (1 = @Az (s () (K ()T, (')

th(J) = 1-x° ] € 81‘ (A3)

while the price of an intermediate variety produced by a plant located in Foreign owned by a

Home multinational firm is

& Qt W;k lPMt (])

ar L1 00 - @Az G (R B

P () = = . JEM;  (A4)

B.2 Intermediate Firm’s Input Demand
B.2.1 Physical Capital Demand

The first order condition for the physical capital demand of an intermediate firm is

rf =@ (1= x) a Az ()nsy, (1) Uy (1) Ly (D)) by, (D g, ()

To simplify matters, substitute in the marginal cost ®; equation (A.1) found earlier to express the

physical capital demand in terms of labor demand:

%Wt b (G)s J € {Ln & My} (A.5)
o rt

H ¢ (J) =
whilst the physical capital demand for the Foreign plant owned by a Home multinational firm is

. a Wi
key(J) = ETZ (), JeM (A.6)
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B.2.2 Technological Capital Demand

The first order condition for the technological capital demand of an intermediate firm is

Pf =E; [p:+1(1 - 5n) + Ps4q )(At+lzt+1 (j)nH,t+1 (j)X_l(kH,t+1 (j)alH,tH (j)l—a)l—)(]
where the marginal cost ®;4; can be replaced by (A.1) set at time ¢ + 1.

The technological capital demands for a Home local firm, a Home exporter, and a Home multina-

tional firm are thus:

X Wt+llH,t+1 (.])
A-00-a) ()

pS = EM; [(1 — 8u)pyy + ] . JE{L &} (A7)

X (Wt+1lH,t+1(j) W:+1Qt+1lF,t+1(j))]’ ieM,

S = E;M, 1- 5n ; + j i
o tVIEt+1 [( )Pt+1 (1 _ X)(l - 0{) nH,t+1(J) Ny i+ (])

(A.8)

B.2.3 Labour Demand

To solve for the labour demands of the local firms and exporters, first substitute in the demands
for the intermediate varieties (18) and the Home-equivalent of (19) in the resource constraint /

production function:

i () + EcC) € 5, = Az b )Y (ki )l ()

=& —&

Pr,(J) _ P, (J) \ . . nap i)
Z’t Yy, + Ei(j) € [ T YR = Az ()n ()X (kH,t(J) Ly () )
H,t H,t

- * € * . — . N . -
[Pae D)™ [P Yo + B0 €% (Qupf) YE] = Az (Db ) (K ()l (1)
Substitute in the corresponding intermediate variety price (A.2) andlet Z = (1 — y)(1 — @) %

—£

ﬁ lH,t (J)

= NP o N1—a\ X
Az (D (D (ki )Ly (')

[PH,thH,t +E,(j) e (Qtszft) Yﬁ*t]
A
= Az (D (D (ki )Ly (')
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Substitute in the physical capital demand (A.5),

—& £
byt (O g Y + 1) € (Quply) Vi |

E

1—0.’r’{<

a(1-x)(1-¢)
= (A2 () n () [ ]

By letting v = m the labour demand of a local Home firm j € £; thus is
a(ev-1)
Wy ] "€V _ 3 v o w 14
G = 2] @A) ng () mr—;] (o ¥ (A9)
- t

Similarly, the labour demand of a Home exporter j € &; is

a(ev-1)
78 i _ 1 v w «]"
5.0) =] Aa() () [ S ] |1 Y+ € (Quof) VE|
- t
(A.10)
The labour demand of a Home plant owned by a Home multinational firm j € M; is
a(ev-1)
Wy ] €V _ 3 v o w 14
LG = 2] A G ag () [—a—k] (PrcVee) (A1)
- T

while the labour demand of a Foreign plant owned by a Home multinational firm j € M; is

*

ey a(ev-1)
l?ﬂ(j):[%] (A2 ()" ()”[iﬁ] (phiz ) (A12)

ko
at

B.3 Bundle Price Index

The price index for the Home bundle sold to Home retailers p,, , is compromised of the interme-
diate variety price set by local Home firms, by Home exporter firms, and by Home-owned Home

plants.
As a result, it can be expressed as:

1

—&

Pu: = [/ th(J)l Ed]] (A.13)
Jjelo.1]
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1
17

Substituting in the intermediate variety price (A.2)
) Az ) g ) k()R () (g

1—
Pue = [ / (
Jjelo.1]
By substituting in the physical capital demand (A.5) for ky; ,(j) and the labour demand (A.9) for

a(ev-1)
4 17
_k] Ta” 1d]
[

a(ev—1)
Kkt (THJ + et If[*t) dj
ry ’

m] 2

(j), this can be expressed as
-a

|7 @) ) l

-

| Az e ms () [

o |
j€8t E
) a(ev—1)
_ w —&v a w 1—
Pu ™ = 2| [1 _kt] (Aze ()" n () T dj
= - T je{ LM}
1- AV
+ / (A2 () m ()™ (e + e 1) dJ]
j€&y

On the other hand, the price index for the Foreign-exported bundle sold to Home retailers p;,
just the price of intermediate varieties from Foreign exporters j € &;. It can be expressed as
(A.14)

E

e T-¢
l P, () d]]
je&;

Pry =
1

By substituting the Foreign-equivalent of the labour demand (A.10) into the Foreign-equivalent
y—
dj,

intermediate variety price (A.3), the price index of this Foreign-exported bundle is
. a(ev-1)
a W Hx E
] [rF,t + eb rF’t]

(24 rk*

1-¢v
] (A= (D)"Y (g ) ll -

*

0,1~ [&
¢ =
JjEE] —
E £
pF,t YE
Fit*

1-¢

E

Pry =
H#

where I’ th oy and Ipp = (E

Finally, the price index of the Foreign-developed bundle is just the price of intermediate varieties
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produced in Foreign-owned Home plants j € M;:

1
1-¢

N1=€ .
P, = [ / () )
je

t

By substituting the Foreign-equivalent of labour demand (A.12) into the Foreign-equivalent in-

termediate variety price (A.3), the price index can be expressed as:

a(ev—1)
1-e W 178 vle=1) gk o 1- a  wy v—1 .
pj\’/,lt :/ [?] (Atzt(J))V(g )n;; ) " — FI% dj, (A.15)
jeM = ’ 1—«a r

X
J

M _ o MEyM
where I, = pp, Y,

B.4 Intermediate Firms’ Thresholds
B.4.1 Thresholds between staying local and exporting

There is a threshold Ef such that, for a firm with export status ¢;_; = d = {L, E} in the previous

period, the value function of being a local firm will equal the value function of being an exporter:

Vi (nig, (7). 2 d) = VE(nfy (), 2, d)

Expanding the two value functions, the threshold becomes

P (D () = wilfs () = kg () = pisty () + BeMe a1 Via (nly 1 (), 2041 (J), L)
= i (DY, () + ety (Dt () = welfy, () = 1k () = pisty (7)
- Quw; fF(d) + EtMt,t+1Vt+1(n]E-[,t+1(j)’ z+1(J), E)

Rearranging the terms:

0w FE(d) + 9} (nfy 1 () = s ()
= EtMt,t+l [‘/t+1(n]E{’t+1 (])’ Zt+1 (])a E) - ‘/t+1(n%{’t+1 (])’ Zt+1 (])a L)]

+ ph (DE () + Qepl (DY () = pr (Dyr (G)
—w; [I5,0) = 15, ()] = rf [kE, () = kh, ()]

(A.16)
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By substituting the optimal prices (A.2) into the equation, along with the demand functions
for the intermediate varieties (18) and (19), the term on the right hand side pgt( j)yﬁt( j) +

ey, (N7, () = v, (Dygy, () — w [lﬁ,t(ﬁ - l%,,t(j)] —rf |kf;,(J) = kf;,(j) | becomes

11-¢
3 c wtlfl,t(j) YH,t
Cle-1 = ; i A1) T B
(1= 0~ @) Az, () (KE,G)IE,()'™) "] P
_ 11-¢
. welf, () Vi)
+5—1 wd d (X (LE ¢ NGE nlma) X Ex |~
- (1-x)(1-a)Az nH,t(]) (kH,t(]) lH’t(J) ) ] [QtPH,t]
1-¢
€ thll:l’t(j) YH,f
B e—1 ~ . NS A1—a\ 17X ¢
T - -0 Az g, () (kf{,t(J) ik, ) | P

we [, () = bz (D] =t [k () = K ()]

Substituting in the labour demands for exporters (A.10) and local firms (A.9), as well as the capital

demand (A.5), this term is now

. (e-1) a(ev-1)
W —&V N e—=1)v 1= 104 w
[ e [
= t

11—«

v—1 =) N
[rH,t + effrgj] [Tits + T ] = T = —— [(rH,t + T - rH,tV]

X

Plugging this back into the threshold condition (B.4.1), the threshold now becomes
Qi FE(d) + 9 (nfy i ) = s )

. (e-1) a(ev-1)

w8 g\ e d-v| o ow

[ ) ™ |22
t

—

(A.17)

v—1 = Y
X ( [T + Fﬁ*t] [rH,t + ef‘FI-E[,*t] — (T’ — T—a [(TH,t + egtl}g,t) - (rH,t)V]

+ BeMy it [Vier (g 141 (), 20613, B) = Visr (g 1 (), 201 (), L) |
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B.4.2 Threshold between exporting and being a multinational firm

There is a threshold 2{ such that for a firm with status ¢;—; = f = {E, M} in the previous period,

the value from exporting equals the value from being a multinational firm:

VEM), .2 ) = VM(nl . 2 f)
Expanding the value functions, the threshold becomes

P (DY () + Qeplr (DYt () = welfy, () = ikl () = pistr, (7)
- QtW;FfE(f) + EtMt 141V (”EI,Hl(J'), zt41(j), E)
= pi (DY () = wildt () = rfk () = pisi, () (A.18)
+ Qupi s (DY () — Qewi It () — Qurt k()
- Quwi fM(f) + EtMt,t+1Vt+1(nAH/I’t+1 (J), ze+1(j), M)

By plugging in the optimal prices (A.2) and (A.4) functions for the intermediate varieties (20) and
(19), the term pY, (N yyy ,(N+Qepp s (DYt s (D=p5, Dyg , (D=Qepty, (Nygs, () —we [lﬁﬁ(j) ~ 15, |-
Quwi I () = rf | ki, () = KE, ()] = Qurk It () becomes

1-¢
N : th%t(j) Y,
Cle-1 . . . 1o)X ~
(1-x0@1- a)Atzfn;‘fU(J)X (kﬁt(J)“l};{t(J)l a) Prs
r 1-¢
+ 1 f 4 ¥ M @M l-a 1-y pM*_é‘ Qt
T - - @ G (kKO 1)) .
1-¢
c thfl, (]) ¢ w \& < Fx
S le-1 f tX a 1-a\ 17X [pH’t Yo (Qtpg’t) Yg’t]
T - 00 - A G (kE, ), ()

—wy [I4,(D) = 15, (D] = Qewi I () = rf [k, () = ki (D] = Qerf ki ()

Substituting in the labour demands (A.10), (A.11), and (A.12), as well as the physical capital de-
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mand (A.5),

) (e-1) a(ev—1)
—ev e=1)v 1—
e

1—-«a rf
v—1 = «
X | (Trs)” = [T + T [rH,t + eé”frﬁj‘;] - [rH,tV — (T + eftrfu)v] ]
% 11—€v — * alev-1)
w; G SNEDY v w, MV
¥ [E] Q [1 C1- a] (Atzf) e |1 g ke gL

Plugging this back into the threshold (A.18), it can now be rewritten

Qi LFY(F) = FEON+ 95 (s () = 1y ()
_ (A éf)u—l)v p 1—v[ a ]am—l)

n
Ht 1-«a

S

X

(|

Yy

w 1—ev w a(ev-1) —_

t t = MV
— 1-—| T,

E] [rf*] Qr [ 1—q| Mt )

+ BeMy e [Vier (] 141 (), 2e61(G), M) = Vi (0141 (), 2641 (J), E) |

+
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11 | wy a(ev=1) ) e £ s v—1 E[FH,tV_(FH,t-l‘eg’Fﬁ;)v]
] d [rH,t —(rH,t+rH’t) (rH,t+e rH’t) -

.

(A.19)



C Model Equations

C.1 Household

The representative household chooses Cy, Ly, By 141, Br.t+1, It, St , to maximize expected lifetime

utility
1-o
1
> [(Ct -bC1) - %Ltw]
max E, » p ,
{Ct,L+,1+,S+,BH,t41,BF 141} ‘= 1—-0
subject to
K. S B ;B
Cot |1+ =( t 1)2 S +1, + H,t+1 + tDF,t+1
2 St—l Pt Pt

P

R, &R’ Iy, (i I (j
:W[Lt'i'ert'i';TlBH’t'i' tPt IBF’t+’I}+p‘:St+/Y}+t()di+/ tij)d],

t t

Kiy1 = (1= 8p)K; +

K It 2
1—=—|—-1 I,
2 \ 11

C; — bC,_ s
[ t1 bt1_1¢ Ltw] =

Optimality conditions are:

where A; = U, is the Lagrange multiplier attached to the Household budget constraint.

R;P
E; [Mt,t+1 pt t] =1

t+1

where M; ;41 = Af is the stochastic discount factor.

C, - Y g ngL” = w,
1+p " t

2 2
k(I I I; It41 It
1= 1-=—|—-1 - — — 1] — + kE:M, — =1 |—
q: [ 5 (It—l ) ] q:K (It—l ) I, KE: My t+1qt+1 7 7
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q: = E; ["fﬂ + qr+1 (1- 5k)] > (C.9)

where g; is the Tobin’s Q marginal ratio.

2 2
K[ S St ) St (St+1 ) (St+1)
f=1+—|——-1] +xk|— -1 — —EM; x| — -1 (C.10)
Pr 2 ( t-1 ) ( t-1 Si-1 A St

C.2 Retailers

Retailers choose Y; (i), Py (i), Y+ (i), Ylft(i), Y% i)

X Iy (i)
E M1 —— C.11
Y,(rin),%f((i), t; ti+1 P, ( )
Y (i), YE, (1), Y (i)
subject to
Iy (i) = Pe(0)Y, (i) = Pt Yy (i) — Pre Y, (i) — AC: (i), (C.12)
: 2
. pp [ P:(i)
AC (i) =—|——=-1| Y, C.13
0= (1) C13)
o
1 0-1 1 o1 | 01
Y, (i) = [aﬁYH’t(i) T+ (1-w)? Yp,(i) @ ] , (C.14)
E
1 p 71 1ou =t fp-1
Yp, (i) = [v" Ye, (i) " + (1 =v)n Yp (i) " ] , (C.15)
Yy, = / Yp,(J) * d]] (C.16)
jelo]
INRE
Y= / yp, (j) © dj (C.17)
JEMS
o |7
Y7, = / yr,(j) © dj (C.18)
Jje&;
Optimality conditions are:
MC -1 Y
pp (il —1)nf = ¢ [—t _¢-1 + ppBiMy g4y (rhy — 1) 2l 22, (C.19)
P, ¢ Y,
where 7f = Plzl'
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MC, = [a) (Pes) ™" + (1 - ) (PFJ)H’] o (C.20)

1
T-¢
Pus = [/ PH,t(j)l_Edj] (C.21)
jelo.1]
ROl PSPy, 178
< 4. b t t .
- = Y, (i), € {L E,M}; C.22
yH,t(J) Prs Hit = @ Prs [Mct] (i), ¢ef } ( )
1
e 1-¢
pﬁsl ~pr) dj] (C.23)
JEOC,
PE()H] PE) ] [ePE, 17" [ Pp, 170
E /. F,t E Ft F,t F,t .
yr (D =|——| Y =v(l-o) 7 [ ] Y, (i), (C.24)
Pg, P, P, MG,
1
1-¢ e
P, = [ / pr () dj (C.25)
JEM;
PY(H]* PEGO) ] [PYT" T Pey 170
M /- Ft M F,t F,t Ft .
yp,(J) = Yo, =(1-v)(1- ) — [—] Y, (i) (C.26)
Py PM Pr; MC,

C.3 Intermediate Variety Firms

Let Vt(nfi‘t, 2t Gr-1; As, e’!) be the optimal value of an intermediate variety firm with individual

G-1 G-1
H,p H,t’

Bellman equation

states (n3;,, 21, ¢—1) and aggregate states (Ay, es). Vi(nSh, zi, Gr-1; Ay, e’ solves the following

G-1 . — : .
Vi (nH,t’ Zt, Gt—15 Ats 65’) = max  m(j) +EM; 1 Vin (nH,t+1,Zt+1, Gt; A1, eg”l)

StSH M H 1
M M
lH,t’lF,t’kH,t’kF,t
¥
PH‘z’pH,t’
*
Y0 Y,

0 () =L (€27

10w fE(g)  if () =E
Quwi fM(gi-) if gi(j) =M
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subject to

mt () = pi, (DY, () = willy () = ik, () = pisty, (7). j € L (C.28a)
xE(7) = p DYk, ) + Qb (Dyh () = willy () = rikf () = pish (), j € & (C.28b)
m' () = ot (Dyit, () = wellf, () = rFkE () = pisit () (C.28¢)

+ QP (DY () = Qew I (j) = Qur kb (), j e My

X
i () + B () €5 4 () = Aze () gy (DF (i )Ly (D)5 € { L 80 Mu);

(C.29a)
B . —1 . N4 . - 1_)( .
v () = Az n GV (KO BLD'T) L jeme (C29b)
M () = (1= 85 () + 55, (1), J € {L0 80 M) (C.30)
Optimality Conditions are:
£ wyl (J)
pH,t(j) = e—1 uk 1_)(9 ] € {LtSStSMt}
(1= (1 = Az (D G) (K, )y ()
(C.31)

N 1 ¢ wily ()
Pﬁ,t(j)=§g_1 H’fl_ - — . Je&  (C32)
= 0= @Az (i () (kD)1 ()
£ Qtwjl}:]\‘j[t(.])

e 1 ,
pHi() == . jeM, (C33)

P (1= 00 - @Az G ) (RO TG )

r a(ev—1)
b () = 2] Az D i) | < fa%] [T+ BT e (L0 0 M)
» t (C.34a)
* €V [ . Ja(ev=1)
e () = [W:] (A2 () ni () 1f‘a:f;] G (), jeMe (C34b)
= | t
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a Wi

ky, () = —— * L), je{LnE M} (C.35a)
krp(J) = - s Ft(]) jeM; (C.35b)
s s X Wt+1lH,t+1(j) .
=E:M, 1-6, + , , e{Ll;, & C.36
p; t M t+1 [( D11 (1- (-0 ny t+1(J) Je{L, &} ( a)

jeM;

Py = E:M [(1 On)pil + X (WHllHHl() W:+1Qf+llF,t+1(j))]
t = EtMypr1| (1 = 0n)pisq ’

T-00-D\ () Pyt )
(C.36b)

Thresholds between staying local and exporting:

(i) zE(j): threshold for a firm who is a local firm in the previous period
Qi FEL) + i (nfy1an () = (1)

a(ev-1)
:[gr*%mgoﬁ“l<n(ﬂf”Lﬁ;¥]

(C.37a)

1% = . 1%
[T+ TEY] [rH,t + eéftrfl;] - L - —— [(rH,t + egffg’t) - rH,tV]

+ BiMy g1 [Visa (441 (1), 2061 () B) = Vasa (nfy 1 (7), 2001 (), )| 5

(ii) ZE(j): threshold for a firm who is an exporter in the previous period
Quw; fE(E) + i (1 ) = i )

» - t a(ev—1)
_ [%]1 (Atff(j))( Dy ( E—l( i [—a:‘}_f] (C.37b)

Ex & Ex* v-1 v E
[T + T2 [rH,t +e»‘I‘H’t] ~ Ly’ - —

1%
[(FHJ + egtrg”;) - FH,tV]

+ EiM; 141 [Vt+1(n1€(,t+1(j), Zt+1(j),E) - Vt+1(n§{,t+1(j), Zt+1(j),L)] )

Thresholds between exporting and operating as a multinational firm:
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(i) £E(j): threshold for a firm who is an exporter in the previous period

Qi [f(E) = FEEN + i (s () = 1y a (1)

=\ (e=Dv B, A 1-v a Jalev-1)
= (4 0)) o) =]
(ev-1) = — &iTEx
& 1—¢v & oev v Ex ft Ex v—1 B — [FH,tV (FH,t +e rH,t)v]
X — . I‘H’t FH’t + FH,t FH’t +e rH,t
= T 1-«a
wk 1-¢ev w* a(ev-1) —
t t = M=V
+ =L 1-—|T

+ EiM; 141 [Vt+1 (n?—]/{t+1 (j), Zt+1 (j), M) = Vi (nﬁ,m (j), Zt+1 (j), E)]
(C.38a)

(ii) 2M(j): threshold for a firm who is a multinational firm at the beginning of the period

Qi [F(M) = FEM)] + 95 (101 () = (1)

(e-1)v 1—y a 1alev-1)
_ sM (s My .
= (Atzt (J)) ny; (J) [1_a]
wel-ev [ wy ey v Ex fpEe | E[FH’tV_(rH’t-'_e&FfIi)v]
<= | [rH,t ~ (T + 15 ) (T + e8] - — ]
= T o
x 1 1-¢ev * a(ev-1) —
Wt Wt = MV
L2 1-—|T
E] |:rl<*] Qt [ 1-—« H,t )
+ EeMypar [ Vit (010 (), 241 (), M) = Viar (0 1 (), 241 (), E) |
(C.38b)
C.4 Taylor Rule
1-¢g
o (Y, \Y
Ro= Re™ [R(Z)" [+ (C.39)
2 Y,
C.5 Government
eTtPE
—LyE -1, (C.40)
b, ’
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C.6 Market Clearing

Law of motion for exporters:
|E¢] = (1= |E=1| = IMiza]) X Pres + |Er—1| X Pegs + | Mi—i| X Puyes
Law of motion for multinational firms:
IMi| = |Er—1] X Peage + IMi—1| X Pasars

Transition Frequencies:

7 zL

Py =N{[{—|; Prgr=1-N|—

Oz Oy
SE 3E 5E AE

PEL,t:N(_)a PEE,t =N(—t) —N(—t), Pep: = I—N(—t)

z z Oz O,

M M

Pye: =N|—|; Pymy=1-N|—].
oF (o

Labour market clearing:

L= (1= |8 = IMD) Iy, +1E Iy, + IMU I+ IMT |
+ (L= 18141 = IME D PLg, f5(L) + 1674 Prg, f5(E)
+ 181 | Paygy S (E) + IM_ | By, fH1 (M),

Physical capital market clearing:
Ko = (1= 18| = IMul) ki, + |84 gy, + IMul Ky, + UM | g
Technological capital market clearing:

L E M
Nip1 = (1= 1&| = IMy]) N T |E¢ Nt [ M| MY t+1
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(C.42)

(C.43a)

(C.43b)

(C.43c¢)

(C.44)

(C.45)
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Final goods market clearing:

K, S 2 pp, P 2
Y, =C+L+ |1+ (—-1)| S +—(— —-1)%, C.47
=G |1 S S s 2 - vy (c47)
The bundle market clears:
i€[0,1]
/ YL () di = Y}, (C.49)
iefo,1] ’
/ YF, (i) di = Y&, (C.50)
iefo,1] ’
The intermediate variety market clears:
- - =
Yy, = / Y (J) dj] ; (C.51)
L/ je[0,1]
_ - E%
Yi, = / yr,(J) ° dj] ; (C.52)
| Jiee;
T
Y = / yr,(j) © dj] (C.53)
| Jjem;
Bond market clearing:
Bu: Bi
eciE LA (C.54)
Pl’ etPt
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