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in the ratio of home and/or foreign intermediate goods firms setting their export prices
in the local currency, the effects of this shock on the entry of home multinational firms,
the increase in aggregate foreign output, the deterioration in home welfare and the im-
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on the entry of foreign multinational firms and the increase in aggregate home output
are intensified.

Keywords: Local currency pricing, Vertical production and trade, Firm entry, Foreign
direct investment, Government spending shock

JEL Classification: F41, F42

*Corresponding address: Faculty of Economics and Business Administration, Kyoto University of Advanced
Science, 18 Gotanda-cho, Yamanouchi, Ukyo-ku, Kyoto 615-8577, JAPAN; Tel: +81-75-406-9329; E-mail
address: dohwa.kohjiro@kuas.ac.jp

TResearch Fellow, Graduate School of Economics, Kobe University.



1 Introduction

Developed countries have been increasing their outward foreign direct investment (hereafter,
outward FDI) over the past 30 years or more. As Fig.1 shows, the U.S. has been increasing its
outward FDI the most rapidly by far, while Japan’s outward FDI has been increasing rapidly
since the 2010s. Meanwhile, as Fig.2 shows, inward foreign direct investment (hereafter,
inward FDI) has also been increasing in developed countries with the exception of Japan. One
of the purposes of this paper, therefore, is to examine the macroeconomic effects of firm entry,
including from outward and inward FDI.

[Insert Fig.1 around here]
[Insert Fig.2 around here]

Moreover, trade structures have been changing over the past few decades. A vertical trade
structure has prevailed in trade between Japan and Asia, for instance. This means that in
the current trade between Japan and China, intermediate goods produced in Japan are ex-
ported to China, where they are assembled into final goods, which are then sold in China or
exported to Japan and the U.S. This type of trade structure is not limited to between Japan
and China, but has become the mainstream around the world. Using data from 10 OECD
and four emerging economies, Hummels et al. (2001) find that it is a feature of today’s global
economy.! Another feature of current trade is that firms in many developed countries other
than the U.S. are setting export prices in local currencies. In other words, they employ local
currency pricing (LCP). This has been discovered by many researchers (see Marston (1990),
Knetter (1993), Parsley (1993), Athukorala and Menon (1994), ECU Institute (1995), Gagnon
and Knetter (1995), and Gopinath and Rigobon (2008), for instance). Data from Japan’s
Ministry of Finance also shows that the ratio of Japanese firms exporting to the U.S. that set
export prices in local currency (LCP firms) is high at about 90 percent (2001 Jan-Jun: 87.4
percent, 2020 Jul-Dec: 87.4 percent), while the ratio of Japanese LCP firms exporting to the
EU is low but increasing year by year with the ratio exceeding 50 percent in 2020 (2001 Jan-
Jun: 42.6 percent, 2020 Jul-Dec: 55.8 percent). Further the data shows that the ratio of LCP
firms exporting from the EU to Japan mirrors the ratio of LCP firms exporting from Japan
to the EU in terms of the trend (2001 Jan-Jun: 48.1 percent, 2020 Jul-Dec: 57.1 percent). On
the other hand, while the ratio of LCP firms exporting from the U.S. to Japan is low, it has
increased slightly in recent years (2001 Jan-Jun: 20.5 percent, 2020 Jul-Dec: 25.6 percent).
Despite the above characteristics of global goods markets, few researchers have theoreti-
cally examined the international transmission effects of government spending by taking into
account all or some of these factors. In many developed countries, government spending has
played a major role in underpinning the economy following the collapse of Lehman Brothers,
when monetary policy was constrained by the zero lower bound. This makes it important to
examine the macroeconomic effects of a government spending shock. In recent years, there
have been studies on the international transmission effects of a government spending shock by

Feenstra (1998) and Yi (2003) also make the same point as Hammels et al. (2001).



the following researchers. Using the two-country New Keynesian (hereafter, NK) model in an
economy where monetary policy is constrained to the zero lower bound, Cook and Devereux
(2011) mainly examine the fiscal spillover effects. They show that the effect of a home gov-
ernment spending shock is positive on home GDP, but negative on foreign GDP. Like Cook
and Devereux (2011), Fujiwara and Ueda (2013) also examine fiscal multiplier and spillover
using the two-country NK model with a global liquidity trap. They show that fiscal spillovers
can be both positive and negative, depending on the magnitude of the intertemporal elasticity
of substitution in consumption. Additionally, they examine the fiscal spillover in an economy
with LCP, showing that it becomes positive under such a circumstance. Papers by these
researchers are significant in that they provide important insights into the effects of recent
fiscal spending on home and foreign countries. However, they do not take into account all the
characteristics of global goods markets mentioned above, though Fujiwara and Ueda (2013)
do examine scenarios of both LCP and producer currency pricing (PCP), in which firms set
export prices in their own currency.?

The paper by Johdo and Hashimoto (2005) exists as an open macroeconomic model with
international firm relocation. Using a two-country model with flexible prices, they examine
the effects of an increase in the corporate tax rate on consumption and welfare in both coun-
tries. However, because their model does not assume sticky prices, it is unable to examine the
role of LCP. In addition, they also perform their analyses using a two-country model with-
out vertical trade. By constructing a two-country flexible-price dynamic optimizing model
with heterogeneity in firm productivity, Ghironi and Melitz (2005) examine the effects of real
shocks to both aggregate productivity and entry costs on the location patterns of firms. Using
model of Ghironi and Melitz (2005) in part, Corsetti et al. (2007) examine the effects of a
home government spending shock on macroeconomic variables and welfare. By incorporating
free entry conditions into the model, they examine these effects through the entry and exit
of firms. However, despite constructing a framework that allows them to analyze firm entry
and exit in an open macroeconomic model different from the model of Johdo and Hashimoto
(2005), they also fail to incorporate the characteristics of recent global goods markets. Simi-
larly, using the model of Ghironi and Melitz (2005) in part, Corsetti et al. (2013) examine the
effects of a transfer from home to foreign countries. And again, despite using a model with
useful features in that it deals with the firm entry of two types of tradable goods firms and
one type of non-tradable goods firm, they too fail to take into account the characteristics of
recent global goods markets. In particular, they are unable to address the role of LCP because
their analysis is not based on the NOEM model, which originally assumed sticky prices. Us-
ing an Obstfeld and Rogoff (1995, 1996) type new open economy macroeconomics (hereafter,
NOEM) model with LCP and FDI, Cavallari (2010) examines the effects of monetary and
productivity shocks on macroeconomic variables. She shows that endogenous fluctuations in
firms, including multinational firms, amplify spillovers on consumption and employment in the
two countries. However, she examines this in a model without vertical trade. By incorporating

2Clancy et al. (2016) and Boug et al. (2023) also examine the macroeconomic effects of a government
spending shock occurring in one small open economy. However, they do not take into account the characteristics
of recent global goods markets mentioned above.



only the factor of international firm mobility into the model of Obstfeld and Rogoff (1995,
1996), Johdo (2019) examines the effects of a government spending shock on consumption
and nominal exchange rates. He shows that firm mobility weakens the effects of this shock on
relative consumption and nominal exchange rates.?*® As can be seen from the above studies,
there are many open macroeconomic models that deal with firm entry, including FDI. How-
ever, despite the fact that significant FDI has been observed in the real economy, and that
demand promotion policies may attract inward FDI, few of them deal with the relationship
between FDI and a government spending shock.

Studies by the following researchers exist with regard to vertical production and trade in
open macroeconomic models. Using the stochastic two-country NOEM model of the Obstfeld
and Rogoff (1995, 1996) type, Huang and Liu (2006) examine the effects of a home monetary
shock on the welfare of both countries. They show that not only in the case of PCP but also
in the case of LCP, an increase in the stage of production and trade tends to make a home
monetary shock profitable for both home and foreign countries. By incorporating staggered
price-setting mainly into the Huang and Liu (2006) model, Huang and Liu (2007) examine
international business cycles driven by monetary shocks. They find that this model performs
much better than a single-stage model without vertical trade. Shi and Xu (2007) examine
the issue of non-cooperative optimal monetary policy in an economy with vertical production
and trade by incorporating two stages of production and trade into the stochastic two-country
NOEM model. They examine the issue by assuming either PCP or LCP for intermediate goods
firms. Gong et al. (2016) examine the issue of optimal monetary policy using a two-country
NK model with two stages of production and trade. They examine the issue by assuming
PCP in both intermediate and final goods trade. Wei and Xie (2020) examine the issue of
optimal monetary policy using a small open economy NK model with multiple stages of pro-
duction and trade. They show that a more desirable rule would be to target separate producer
price inflation in different stages of production. Devereux et al. (2020) examine the effects
of government spending shocks using a multi-country model with international production
networks. They show that network structures play a major role in fiscal spillover effects when
sticky wages are assumed in the model. Although the above studies other than the one by
Devereux et al. (2020) are associated with the design and effects of monetary policy, they are
very significant because they provide insights into the importance of a number of stages of
production and trade. The study by Devereux et al. (2020) is also interesting in that it uses
numerical analysis for a model with a large number of production structures and examines the
fiscal spillover effects on the Eurozone of a government spending shock in Germany with and

3This paper refers to the model that adopts a one-period-ahead price setting similar to the Obstfeld and
Rogoff (1995, 1996) model as the NOEM model with respect to the nominal rigidities. On the other hand,
the model that adopts staggered price setting similar to the Calvo (1983) model is referred to as the New
Keynesian model.

10ther related studies using the NOEM model include those by Caselli (2001), Lombardo and Sutherland
(2004), Pierdzioch (2004), Chu (2005), Ganelli (2003, 2005a, 2005b), and Ganelli and Tervala (2010). However,
these researchers use two-country models without firm entry.

°A non-exhaustive list of the literature on firm entry, including outward FDI, is Corsetti et al. (2004),
Lewis (2006), Bilbiie et al. (2007), Russ (2007), Bergin and Corsetti (2008), Cavallari (2013), and Johdo
(2013, 2015).



without a network structure. Their model points to the importance of using a macroeconomic
model with production linkages across countries to examine the international transmission
effects of a government spending shock. However, None of these studies do not deal with the
role of firm entry.

The purpose of this paper is to examine the effects of a government spending shock on
macroeconomic variables and welfare using a two-country model that takes into account three
features of global goods markets.’ Specifically, by incorporating the factor of LCP for home
and foreign firms engaged in intermediate goods trade, this paper focuses its analysis on its
role on the effects of a government spending shock.” There are many studies by researchers on
the price-setting behavior of firms. Betts and Devereux (2000) were the first to introduce LCP
into the two-country NOEM model to examine the effects of a country’s government spending
shock on the welfare of both countries. However, they assume that the fraction of exporters
who set prices in local currency of sale is symmetric across countries. By incorporating the
assumption of LCP adopted by Betts and Devereux (2000) into the model of Obstfeld and
Rogoft (1995, 1996), Carré and Collard (2003) examine whether Europe should implement
monetary union from the perspective of welfare effects in accordance with a permanent gov-
ernment spending shock in the home country. They show that home households will benefit
more from a transition to monetary union when the degree of LCP rises. By incorporating
firms’ asymmetric price-setting behavior into the model of Corsetti and Pesenti (2001), which
is a typical NOEM model, Michaelis (2006) examines the effects of a home monetary shock
on the welfare of both countries. He considers how the effects of a home monetary shock on
the welfare of both countries changes based on the fraction of LCP firms. By incorporating
asymmetric price-setting behavior by firms and two stages of production and trade into the
model of Corsetti and Pesenti (2001), Dohwa (2014) examines the effects of a home monetary
shock on the welfare of both countries. He incorporates the former factor for home and foreign
firms engaged in trade in intermediate goods. With the exception of Cavallari (2010), none of
the models presented in the previous paragraphs that factor in LCP take into account the ex-
istence of both PCP firms and LCP firms. They assume that all firms employ LCP. Devereux
and Yu (2019) examine the fiscal spillover effects using a two-country NK model. They do
examine both PCP and LCP scenarios, but in the latter scenario, they assume that all firms
employ LCP. As can be seen from the above examples, not many studies examine the effects

6Dohwa (2018) examines the effects of home corporate tax reduction by considering three characteristics
of global goods markets. The model in the current paper is based on that of Dohwa (2018).

"The NOEM model with the element of LCP was constructed by Betts and Devereux (2000) and Devereux
and Engel (2003) based on the evidence that the law of one price does not hold. The NOEM model with this
element assumes that prices are sticky in the currency of the destination market. The incorporation of this
assumption results in a reduction in the terms of trade as the price of imports relative to exports is reduced
when the nominal exchange rate depreciates. By contrast, Gopinath et al. (2020) proposed a dominant
currency paradigm (DCP) approach, based on observations such as the reason the majority of trade is set in a
few dominant currencies (often the US dollar). Under DCP, firms set export prices in the dominant currency,
which is characterized by the fact that firms do not change it frequently. In addition, terms of trade are stable
under DCP, which is derived from the pricing of imports and exports in the common currency and the low
sensitivity of these prices to changes in the nominal exchange rate. This result for terms of trade under DCP
can be contrasted with the result for it under LCP.



of a government spending shock taking both PCP and LCP firms into account in their model.

In this paper, we intend to incorporate into our model the existence of two types of tradable
goods firms and one type of non-tradable goods firm. In order to do so, taking into account the
characteristics of recent global goods markets, we extend the two-country flexible price model
of Corsetti et al. (2013) to create a two-country NOEM model. Additionally, as in the studies
by Michaelis (2006) and Dohwa (2014), this paper considers both PCP and LCP firms and
assumes a different fraction of these firms in home and foreign countries. To summarize, this
paper contributes to the literature by constructing a two-country NOEM model that incorpo-
rates firm entry, including FDI, a vertical structure of production and trade, and asymmetric
price-setting behavior between home and foreign firms engaged in intermediate goods trade,
and then showing how it can be used to solve issues that cannot be addressed using more
conventional models, such as the international transmission effects of a government spending
shock in the new framework and the role of LCP in how this shock impacts macroeconomic
variables and welfare.

The main results of this paper are as follows. In an economy with sticky prices, a positive
home government spending shock causes a trade deficit in the home country through higher
imports, which in turn depreciates the nominal exchange rate to balance it. This nominal
exchange rate depreciation affects the profits and entry costs of final goods firms, causing the
number of these firms to fluctuate. The number of home-located final goods firms, including
foreign multinational firms, increases as entry costs increase, but profits increase even more.
The reason for the increase in entry costs for these firms is that nominal exchange rate depre-
ciation increases the home-currency prices of intermediate goods imported from abroad; and
the reason for the increase in their profits is that nominal exchange rate depreciation causes
a demand shift from foreign final goods to home final goods, especially among domestic mar-
ket and export firms. Similarly, the number of foreign-located final goods firms, excluding
domestic market firms, also essentially increases. This is because the entry costs for these
firms are lower, and their profits exceed their entry costs. The reason for the lower entry costs
is that nominal exchange rate depreciation lowers the foreign-currency prices of intermediate
goods imported from the home country. The depreciation of the nominal exchange rate and
the increase in the number of final goods firms selling in the foreign market push down the
foreign price index and increase overall foreign consumption. This is because, with regard to
the former, a fall in the foreign-currency prices of foreign final goods as well as imported home
final goods contribute to pushing down the foreign price index, while with regard to the lat-
ter, an increase in the supply of final goods also contributes to pushing down the foreign price
index. On the other hand, fluctuations in overall home consumption through fluctuations in
the home price index are ambiguous. This is because an increase in the number of final goods
firms selling in the home market contributes to pushing down the home price index through
an increase in the supply of final goods, while nominal exchange rate depreciation increases
the home-currency prices of home final goods as well as imported foreign final goods, thereby
pushing up the home price index. Although the number of final goods firms in the world as
a whole will increase, this will increase the demand for intermediate goods in both countries,
thereby causing an increase in employment levels in both home and foreign countries. How-



ever, home employment increases at least as much as foreign employment if not more. One
reason for this is that the demand for foreign intermediate goods by home final goods firms is
essentially much lower in the foreign country than in the home country as a result of nominal
exchange rate depreciation. As regards aggregate outputs, both aggregate home output and
aggregate foreign output essentially increase. Aggregate outputs in both countries increase
because a positive home government spending shock has a positive effect on the total number
of final goods firms located in each country, causing an increase in the supply of final goods
in each country. Having considered an economy with sticky prices, this paper goes on to ex-
amine the persistent effects of a positive home government spending shock on macroeconomic
variables in an economy with flexible prices. This shock has persistent positive effects, mainly
on aggregate outputs and employment levels in both countries. These are based on the fact
that, even in an economy with flexible prices, an increase in the number of final goods firms
increases the supply of goods with regard to aggregate output, and an increase in the number
of final goods firms with regard to employment levels increases the demand for intermediate
goods in both countries. The effects on the welfare of both countries are shown by the util-
ity from consumption and the disutility from employment. Judging from the total of both
economies with sticky prices and flexible prices, the welfare of the home country deteriorates
and that of the foreign country improves. In particular, the deterioration in home welfare is
based on lower utility from consumption and higher disutility from employment.

Finally, the present paper examines the role of LCP on the effects of this shock on short-run
macroeconomic variables and welfare in both countries. We find that an increase in the degree
of LCP weakens the degree of the home country’s trade deficit, and therefore the degree of
nominal exchange rate depreciation. This weakening of the nominal exchange rate depreci-
ation contributes to fluctuations in the different macroeconomic variables mentioned above.
In particular, an increase in the degree of LCP essentially enhances the new entry of foreign
multinational firms into the home market and the increase in aggregate home output, while
it essentially weakens the new entry of home multinational firms into the foreign market and
the increase in aggregate foreign output. The increase in new entries of foreign multinational
firms is based on a weakening of the increase in entry costs due to a weakening of the nominal
exchange rate depreciation, while the weakening of new entry of home multinational firms
is based on a weakening of the decrease in entry costs due to the same. Further, when the
degree of LCP rises, it also weakens the deterioration in home welfare and the improvement in
foreign welfare through its effects on consumption and employment in each country. Overall
consumption and employment in both countries have the following characteristics. First, an
increase in foreign LCP weakens (or intensifies) the decrease (or increase) in overall home con-
sumption, while an increase in home LCP weakens the increase in overall foreign consumption.
The latter results from a weakening of the decrease in foreign CPI based on a weakening of
(1) the increase in the supply of final goods, (2) the decrease in the foreign-currency prices of
foreign final goods, and (3) the decrease in the foreign-currency prices of imported home final
goods. Second, an increase in home LCP weakens the increase in home employment, while an
increase in foreign LCP intensifies the increase in foreign employment.

The remainder of this paper is structured as follows. Section 2 presents the model. Section



3 examines the effects of a home government spending shock on the macroeconomic variables
of both countries. Section 4 examines the effects of a home government spending shock on the
welfare of both countries. The final section summarizes the findings and concludes the paper.

2 The model

The world consists of two countries, one denoted as the home country and the other
as the foreign country. The foreign variables are denoted with an asterisk. Both countries
have the same population size, which is normalized to unity: Home households are defined
over a continuum of unit mass and indexed by = € [0, 1], foreign households by z* € [0, 1].
Households are immobile across countries. They consume a composite of differentiated final
goods available in their respective domestic markets. Our assumption regarding vertical trade
is based on that in Shi and Xu (2007). There are two types of firms in each country: final
goods firms and intermediate goods firms. Final goods firms operate in either the tradable or
the non-tradable goods sectors. Final tradable goods are sold in the domestic markets, making
them import-competing goods, or exported. Final non-tradable goods are produced by the
multinational firms in the trading partner. These firms produce differentiated final goods
using a composite of domestically produced and imported intermediate inputs. On the other
hand, intermediate goods firms, which are broken down into either domestic market or export
firms, produce differentiated products using labor. Both final goods firms and intermediate
goods firms are monopolistically competitive producers. Domestic market and export firms
among the home-located final goods firms are assumed to exist continuously in the interval
[0,np ] and the interval [0, ny |, respectively, and that foreign multinational firms among the
home-located final goods firms exist continuously in the interval [0,n},y ], where np;, nx;
and n};y, are endogenous.® There is free entry in the final goods sector, but final goods firms
face fixed entry costs to start production of a particular good.® Home and foreign intermediate
goods are the inputs required for the formulation of entry costs. With regard to the number
of intermediate goods firms in both countries, although it is assumed that domestic market
and export firms exist continuously in the intervals [0, 3] and the interval [3, 1], respectively,'
it is also assumed that a fraction n of the export firms located in the home country and a
fraction n* of the export firms located in the foreign country set their export prices in the
local currency, i.e., they employ LCP. The remaining intermediate goods firms in the export
sector located in both countries set their export prices in their own currency, i.e., they employ

8The domestic market firms among the home-located final goods firms are indexed by zpip € [0,np].
Similarly, the export firms among the home-located final goods firms, and the foreign multinational firms
among the home-located final goods firms are indexed by zp|x € [0,nx ] and zp|yn € [0, 73,y ], Tespectively.
A similar interpretation holds for 27, € (0,1} |, 25y € [0,n% ;] and 25 5,y € [0, narn ]

9 As defined above, although [0, np 4], [0,nx ¢] and [0, n}, 4] represent intervals for home-located final goods
firms, they can be also interpreted as intervals for the goods produced by home-located final goods firms. A
similar interpretation holds for [0, n}, ], [0,n% ;] and [0, narn ¢]-

10The home intermediate goods firms selling in the domestic and the export markets are indexed by 27 p €
! 1] and z}“Xe[%,l].

0, 5] and 2z x € [%, 1], respectively. A similar interpretation holds for zle €[0,5



PCP.!! This paper assumes that final goods produced in each country are priced identically
in all the periods to allow for flexible prices. It also assumes that the law of one price does
not always hold for intermediate goods in all the periods.

2.1 Firms
2.1.1 Final goods firms

Each of the home-located final goods firms uses home and foreign intermediate goods to
produce output according to the following production function:

Yi(zpy) = 2V (2ry)2 Y4 (2) %, j =D, X, MN (1)

where

o

o—1

3 .
Yii(2r)j) = </ Yh,t(zF|j>ZI|D)T1dZI|D ; (2)
0

Yf,t(ZFlj) = ([ Yf?tCP(ZFUvZEX)?le}k\X + [M* YfiCP(ZFUa Z;|X)"1dz}k|x> - 3)
2 2

In Eq.(1), Yi(zp|;) is the output produced by home-located final goods firm zp; and
Yii(2p)j) (Yye(2p);)) is a composite of the home (foreign) intermediate inputs used by home-
located final goods firm zpj;. Yi.(2p);) and Yy.(zp|;) are given in Eqgs.(2) and (3), where
Yh+(2r|j, 211p) is the home intermediate input z;p used by home-located final goods firm zpy;,
VP (2ryy, 251x) (Vi (2ry55 27 x)) I the foreign PCP (LCP) intermediate input zj, used by
home-located final goods firm zp|;, and o > 1 is the elasticity of substitution between any two
differentiated intermediate inputs. Based on the production functions defined above, we can
define these price indexes. We can also derive the demand of each of the home- and foreign-
located final goods firms for intermediate inputs required in production activities. These are
summarized in Appendix A in the online appendices.

The resource constraints for each variety of goods produced by the home-located final goods
firms are given as follows:

1
Y%(ZFU') > / Ch,t(ZFlj’ax>dx + Gh,t(ZFlj’)u (4)
0

1
Yi(zpx) > / Ch+(zrx, 27)dx™ + G}, 4 (2r|x), (5)
0

where j' = (D, MN), Cp4(2p|;, x) is the home household x’s consumption of goods produced
by the home-located final goods firm zp);, Cy (2p|x,2*) is the foreign household z*’s con-
sumption of goods produced by the home-located final goods firm zp|x, G +(2r);) is the home

11 As defined above, although [0, %} represents the interval for the home and foreign intermediate goods firms
sold in the domestic market, [0, %} also represents the interval for the inputs produced by home and foreign
intermediate goods firms selling in the domestic market. A similar interpretation holds for [%,1].



government’s consumption of goods produced by the home-located final goods firm zp|; and
G (zry x) is the foreign government’s consumption of goods produced by the home-located
final goods firm zpx. Using Eqgs.(4) and (5), the home-located final goods firms’ profits are
given as follows:

Uri(2r) = (Pri(zry) — A)Yi(zp)), (6)
Hri(zrix) = (€ph o (2r1x) — M)Yi(2rx), (7)
where pp, (2r|j1) (D) +(2F|x)) is the home (foreign) price, which corresponds to Y;(zp(;) (Yi(2rx)),

A, is the unit cost to produce home final goods, and ¢; is the nominal exchange rate, defined
as the home-currency price of the foreign currency.

To start production, each of the final goods firms must pay a fixed cost. The entry cost for
each class of final goods firms is assumed to be given in the following form:

G (zp)r) = (Ph,t + P f,t> Moy (8)
@(ziin) = (P + Pr) il (9)
4t (i) = (P + o) mi (10)
@t i) = (Pis + Pie) Wi (11)

where j” = (D, X), Pns (Pf,) is the home price index that corresponds to YV, (Yy,), which is
a composite of the inputs produced by domestic market (export) firms in the home (foreign)
intermediate goods sector, and v > 0 is a measure of the concavity of the cost function. For
example, Eq.(8) shows that each of the firms that belongs to the home-located final goods
tradable sector requires both n i units of the composite of home intermediate inputs and n), t
units of that of foreign intermediate inputs to create a new final good. Based on Egs.(8)— (11)
we can represent the resource constraints in home and foreign intermediate inputs used by
home and foreign final goods firms. These are also summarized in Appendix A in the online
appendices.

2.1.2 Intermediate goods firms

As shown in more detail below, the three types of home intermediate goods firms produce
differentiated goods using a continuum of labor inputs provided by the home households:

3
£-1
Yht ZI\D (/ Et ZI|D7 dI) )
3
e—1

! -1
Y*PCP(ZHX) = Y}::fCP(ZHX) = (/ &(Z’[‘X,ZL’) 3 dl‘) 5
0

where Y} 4(2;p) is the output of goods produced by home intermediate goods firm z;p to-
ward three types of home-located final goods firms, Y £" (z1x) (Y;£"(z1x)) is the output

10



of goods produced by home PCP (LCP) intermediate goods firm zjx toward three types of
foreign-located final goods firms, ¢;(2jp, x) (¢:(z7x, %)) is the labor of home household x em-
ployed by home intermediate goods firm zjp (27x), and £ > 1 is the elasticity of substitution
among labor varieties. First, the profit of a home intermediate goods firm z;p is given as
follows:

HI,t<ZI|D> = (ﬁh,t(zlw) - Wt>Yh,t(zI\D)a
where pp(2yp) is the home price, which corresponds to Y, :(27p), and W; is the aggregate
wage index (shown below). Assuming that nominal wages are flexible, and given the demand
function expressed in Eq.(A.10), the optimal price is determined as follows:!?

o
oc—1

ﬁh,t(ZnD) = Wi = D (12)
Eq.(12) shows that the home intermediate goods firm z;p sets its product’s price at the
marginal cost (IW;) multiplied by the mark-up ratio (o/(c — 1)).
Next, the profits of a home PCP intermediate goods firm z7x and a home LCP intermediate
goods firm z7x are given as follows:

0777 (zrx) = B ¥ (zrx) — Wa) Vit ©F (z11x),

797 (2r1x) = (e, F (21x) = W)Y (zn1x),
where pp ¢ (z11x) (535" (z11x)) is the home (foreign) price, which corresponds to Y, f " (2 x)
(Y (zn1x))-

As per the process of analysis adopted for profit maximization of the home intermediate
goods firm zjp, the sales prices of these firms can be expressed in the following equation when
nominal wages are flexible:

o
oc—1

Phy - (zrix) = i (zr1x) = Wi = Dhg- (13)

Eq.(13) shows that the sales price of the PCP intermediate goods firm zjx is equal to that
of the LCP intermediate goods firm z;x. Therefore, even if intermediate goods firms set their
export prices in different currencies, the law of one price holds for every intermediate good
under flexible wages.

On the other hand, as mentioned in Section 3, our model takes into account nominal wage
rigidity in the short run. Under sticky prices, which are established on the assumption of sticky
wages, the law of one price does not hold for the inputs produced by LCP intermediate goods
firms. This is because LCP intermediate goods firms do not pass on changes in exchange rates
to export prices denominated in the local currency. Focusing on a symmetric equilibrium, as
shown in Corsetti and Pesenti (2005), the prices of the intermediate inputs sold in the export
market, taking into account the incomplete pass through of the nominal exchange rate, are as
follows:

% f’ht = —0* P
Ph,t = e Pri=¢ ! Pf,t7 (14)
t

12For Eq.(A.10), see Appendix A in the online appendices.
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where P, , (PJZ}) is the predetermined component of 15,;‘775 (ﬁf,t>, which is the foreign (home)-

currency price that corresponds to a composite of the inputs produced by home (foreign)
export firms in the intermediate goods sector.

2.2 Households and government
We define the utility function for the home household z as follows:

M, (z)
P,

S

oo

Uz) =) _ g (lnCs(a:) + xin

s=t

— /iés(a:)) : (15)

where 5 € (0,1) is the subjective discount factor, C'(z) is the aggregate consumption index
of the home household x, M (x) is the home household z’s holdings of the home country’s
currency, P is the price, which corresponds to C'(z) (CPI), ¢(x) is the home household z’s
labor service, and the other Greek letters are positive parameters. This utility function implies
that the home household x gains utility by consuming final goods and holding real money, and
suffers disutility by supplying labor!®. The aggregate consumption index of home household
x is given by:
) = CH@C )
(1 —)t=0 7’

where Cr,(x) and Cy(z) are tradable and non-tradable composites, respectively, of differen-
tiated final goods consumed by the home household x, and 6 € (0,1) is the share of tradables
in the final goods consumed by the home household z. These variables are given by:

(16)

p—1 p—1

Cruw) = (o)} (Crale) 7+ (i )3 (Cra@)) T )™ (17)

6

Cnval@) = (Wasw ) Crponnal®) 7 ) (18)

where ,
=1

/ Y Ch7t(ZFD,$){TdZF|D) ) (19)
0

S

Cralz) = (<nD,t>-

0—1

* _1 nﬁ(’t * o-1 *
cf,tm:((nx,t) ; / Cpi(Zoxz) 7 szX) 7 (20)

S

ANt -1 -1
Chypsmng(a) = ((n*MN,t) / Ch,t(ZF|MN7$)9dZF|MN) : (21)
0

13The utility function in this paper assumes a form that takes a linear disutility from working. By assuming
this form, home and foreign wages are uniquely determined based on a first-order necessary condition on
labor supply. This makes it possible to explain the effects of a positive home government spending shock on
macroeconomic variables from an analytical investigation perspective.
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In Eqgs.(17) and (18), Cp(x) (Cre(x)) and Chiprsmn(x) are Dixit and Stiglitz (1977) type
indexes of consumption by home household z across the tradables produced in the home
(foreign) country and non-tradables produced in the home country, respectively. p > 0 is
the elasticity of substitution between the final tradable goods produced in the home and
foreign countries and # > 1 is the elasticity of substitution between any two differentiated
final goods. In Eqs.(19)—(21), Ch+(2pp, ) is the consumption of the home final good zp|p
by home household z, C’ﬁt(z}‘ +» ) is the consumption of the foreign final good Zpx by home
household x, and Cj(2pmn,®) is the consumption of the home final good zpjyn by home
household z. We can define the CPI. In addition, we can also derive the demand function
for each household in the home country. These are summarized in Appendix B in the online
appendices.

The home household x maximizes utility subject to the following budget constraint:

By (z) EtBt*H(x) M;(x) Ii(x) Ti(x)
Pt + Pt + Pt + Ct (.flf) + Pt + Pt
(T +i)Bi(x) (1 +3))Bf(x)  Mya(v)  wi(x)le(z)  pe(z)  p(x)
= P, + P, + 2 + 2 + P, + P (22)

where By(x) (Bj(z)) is the stock of home (foreign) currency denominated bonds that the home
household z holds at the beginning of period ¢, I;(x) is the home household z’s ‘investment’
in final goods firms (financing entry costs), i; (i) is the nominal interest rate between periods
t — 1 and t evaluated in home (foreign) currency terms, w;(x) is the nominal wage, which
corresponds to ¢;(x), T;(x) is nominal taxes to the home government, and Iz (x) and II;4(z)
are dividend revenues from the final and intermediate goods firms, respectively, that the home
household = owns.

As mentioned in Corsetti et al. (2004, 2013), this paper assumes that households are
endowed with a well-diversified international portfolio of claims on final goods firms’ profits,
so that they finance the same fraction of the cost of creating new final goods in each country.
Thus, the investment of the home household x in a diversified portfolio of final goods firms is
defined as follows:

1 Tt g NN
Ii(z) = B E / G (2p ) )dzp|j +/ ¢ (zrMN)dzr N
"=D,X 0 0

n;”,i MMN,t
* * * * * *
+Et E / q; (2 )dzpyr + / @ (Zpun)dzpn | -
j"=D,X 0 0

We assume that, in return, each of the home households receives an equal share of the
profits of all final goods firms located in the home and foreign countries:

J

1 T ¢ ”?WN,t
HF,t(fL‘) = 5( Z / HF,t(ZFU”)dZFU“ + / HF,t(ZF|MN)dZF|MN
j//:D’X O 0
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n;//’t NAM N,
* * * * * *
+&t E / I, (25 )z m + / 5, (2 ) 2 | |-
§""=D,X 0 0

In addition, the household is a monopolistic supplier of a differentiated labor service and
faces the following labor-demand curve:

—¢ 1 147 1
W+ 2 2
ly(z) = < It/I(/)) (/ Yh7t(ZI|D)dZ[|D+/ Yf:fcp(21|x)dzfx+[ Y}:fCP(ZHX)dleX),
t : : o
(23)

_1
where W, = ( fol wt(x)l’gdx> "% is the constant-elasticity-of-substitution (CES) wage index.
We now turn to the intertemporal maximization problem. Subject to Eq.(22), the home
household z maximizes Eq.(15). Thus, the first-order necessary conditions for Cy(z), M;(z)
and /;(z) are derived as follows:

Colw) B(L+ tp41) Py’ (24)
B ), 29

wi(r) &k
o = G (26)

Eq.(24) is the Euler equation, Eq.(25) is the real money demand function, and Eq.(26) shows
that the real wage rate is equal to a constant markup over the marginal rate of substitution
between consumption and leisure.

From now, we denote the first-order necessary conditions for home households as a whole.
For example, we define the aggregate consumption of home households in period ¢ as the
integral of Cy(x) over all z. We denote such a variable as C;. We also define M,;, By, and Bp;
in analogous ways for money holdings and two types of bond holdings, respectively. Then, by
focusing on symmetric equilibrium, where all home households are identical within the home
country, we can derive the following relationships for all ¢:

Ot == C’t(x), Mt == Mt(l'), BH,t == Bt(l')7 BFﬂg == B:(I) (27)

Taking into account Eqgs.(24)—(27) and assuming a symmetric equilibrium, the first-order
necessary conditions for Cy(z), M;(x) and ¢;(x) are corrected as follows, respectively:

Ct+1 Pt

= B(1 4+ 28
C, B(1 4 ips1) Py’ (28)
M, L+
t C;, 29
P, X ti41 ! ( )
Wt . gli
5= 1 (30)
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The budget constraint for the home government can be given as follows:
M; — M,;_ T,
i Bl e Ry 0.0
I I
Here, since the governments are assumed to purchase goods from home- and foreign-located
final goods firms, G¢, the aggregate consumption index of the home government, is given by:

§ 1-6
GG

“ =5 gy

where Gr; and Gy, are tradable and non-tradable composites of differentiated final goods,
respectively, that are consumed by the home government. These variables are given by:!*

p—1 1 p—1

p=1 1 p—1
G+ (ny)ia ) |

o =

Gry = (("D,t)

D=

0
6—1 9—1
G 7 6—1
R|f'sMN,t )
Dt 0—1 -1
Gh,t(ZF|D) 7 dzp|p )
0
0
. 0
nX,t . -1 . 6—1
Gri(zpix) @ dzp|x )
0

. _ nRINJ o-1
Gh\f/sMN,t = (”MN,t) Gh,t(ZF\MN) 0 dZF|MN
0

We make the following assumption about consumption substitutability. To begin with, we
assume that the elasticity of substitution among the final goods produced in one country is
likely to be higher than the elasticity of substitution across the final tradable goods produced
in different countries, namely p < 6. We also assume that final tradable goods produced
in different countries are close substitutes, namely, p > 1. Therefore, we get the following
magnitude relationship for consumption substitutability: 1 < p < 6.

Here, although our analytical purpose is to examine the effects of an unanticipated per-
manent government spending shock of the home country, in our model, it is analytically
convenient to introduce a measure of monetary stance i = P.C..'> Using this measure, we

Gs = ((Mias)

where

D=

Gy = (<nD,t>-

SN

G = (mx,t)-

_6
0—1

=

14See Appendix C in the online appendices for public demand for goods produced by the three types of final
goods firms selling in the home country.

50ur definition of the variables of monetary policy is based on those in Corsetti and Pesenti (2005) and
Corsetti and Dedola (2005). In this definition, the government controls nominal consumption. Further, as
mentioned in footnotes 20 and 21, we use the relationship By 41 = Bjy ;1 = Briy1 = Bpyy = Bug =
B, = Brt = B, = 0. Therefore, a temporary home monetary easing at period ¢, associated with a higher
e, leads to a lower 7;41.
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. 1 1474
= B(1 4 itq1) .M, = x—
et Ht1 b1

can rewrite Eqgs.(28) and (29) as follows:
1

Now, we define the equilibrium conditions for the asset market. The worldwide net supply
of bonds has to be equal to zero. Therefore, the equilibrium conditions for the asset market
are given as follows:

Bpi+ By, =0, Bpi+ Br, =0,

2.3 Final goods prices, price indexes of final goods and CPlIs

This subsection derives the prices of final goods and uses them to rewrite price indexes of
final goods and CPIs. Using Eqs.(4), (6), (B.23) and (C.1), we can easily derive the optimal
price for the goods sold by domestic market firm zpp, which belongs to the home-located
tradable sector final goods firms as follows:'¢

0
0—1

Pht(2riD) = Ay = Py (31)
Similarly, we can also derive the optimal prices for the goods sold by export firm z}| +» Which

belongs to the foreign-located tradable sector final goods firms, and foreign multinational firm

Zr| MmN, Which belongs to the home-located non-tradable sector final goods firms as follows:

Pre(Zpx) 0
= A =pt 2
£ 0 -1 t pf,t? (3 )

0
Pht(ZpuN) = - 1At = Phyt- (33)

With regard to the final goods firms selling in the foreign market, we can derive the optimal
prices for the goods of these firms as follows:

* * * * 9 * *
pf,t(ZF|D) = pf,t(ZF|MN> = mAt =Diys (34)

6
0—1
Here, using Eqs.(12)—(14) and (A.5), the unit costs of producing home and foreign final

1—n*
goods, which are given in Eqs.(A.1) and (A.2), can be represented as A; = 971 L
-1

n—1
and A} = 2771 —2-e, 7 W;.'T Therefore, from these two expressions and Eqs.(31)—(35), pa,
and p}, can be rewritten as follows:

5tp;;t(zF|X> = Ay = phg (35)

0 o 1—n*
2y,
f—1o—1+t 't

6For Egs.(B.23) and (C.1), see Appendix B and Appendix C in the online appedices, respectively.
For Eqgs.(A.1), (A.2), and (A.5), see Appendix A in the online appendices.

)

1
Pht = 2771
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0 o o=t
> W
0—10— 1€t ¢
Also from Eqs.(B.3)—(B.6), Pr; and Py, which correspond to the price indexes for tradable
and non-tradable composites of differentiated final goods consumed by home households and
Py, and Py, which correspond to the price indexes for tradable and non-tradable composites
of differentiated final goods consumed by foreign households are given as:'®

. 1
prt = 20‘—1

1 w1l
Pry=pn:®, ", Pni = phifane (36)
1 1
* * 1— * * -9
PT,t = pf,tq)t 7 PN,t = PN (37)

where ¢, = np; + n}}tTOTtl_p and ®} =np, + nX’tTOTtP_1_19
From Eqs.(36) and (37), the CPIs of both countries are given as:

U = s
t = Phtlyns ™t

—é

=—9 *—2

* %k 0 1—p
b= pf,tnMN,tq)t

=

2.4 Free entry and the balance of trade

This subsection mainly presents the conditions that hold under a situation of free entry
and the balance of payments of the home country. To begin with, using Eqgs.(4)—(7), (31),
(33) and (35), the profits earned by the home-located final goods firms can be given as follows:

phyth(ZF D) 0 [ 1 PriGy
HF,t(ZF|D) = —6 ‘ — 5 at + —*1775 = (1-5) s (38)
o—1

p—1
nMN,t(I)t

phtYe(zrix) 0 8tu*TOT”_1 TOT! pn.G;
HF»t(ZF|X) = 0 | = 5 : P* : + 1-6 t *pf(lfth) ) (39)
t

Y.(z 1-96 G
HF,t(ZF\MN):ph7t t(QFMN) _ ; Kt 4 fiz(;t té ' (40)

%

n w88 Lo

MN.t 0=1 gpr—1
nMN,t(I)t

Similarly, the profits earned by the foreign-located final goods firms can be given as follows:

. P Yy (Zpp) 6 p;.Gi
I, (25 p) = 0 “alo + e | (41)
nMN,t(I)t !

8For Egs.(B.3)—(B.6), see Appendix B in the online appendices.
€Dy

9The terms of trade under trade in final goods are defined as TOT, = TR
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. % p}ty;*@} X)
HF,t(ZF\X) = T| =

¢ 1— _
(“—) Trot;™"  ror; " p;,G,
CI)t + wl=d p=(1=9) ’

Saj et

(42)

P Y Gren)  1—6 [ PGy
I3, (=} = = = : . 43
e (Zrn) 7 ) - +n% o = (43)
t

Other things being equal, Eqgs.(38)—(43) show that a higher number of final goods firms in
a sector reduces the profits of each final goods firm in that sector.

With free entry, optimal investment in new final goods of the home country implies that
the value of a home-located final goods firm is equal to the cost of creating a home final good,
and in equilibrium this must be equal to the value of the profits of a home-located final goods
firm. Therefore, the following relationships are derived:

@ (zpp) = (P + Pf,t)n}),t = pe(2p D), (44)
@(zpix) = (Pug + Pronk, = Hpa(zrx), (45)
@ (zrmN) = (P + pf,t)n?\j[]v,t = Hpi(2rmn)- (46)

We define these relationships as the free entry conditions of the home country. Similarly,
the free entry conditions of the foreign country can be given as follows:

Q:(Z;m) = (p;:t + p;,t)”ﬁt = H},t<2;|0>> (47)
QI(ZEX) = (P;:t + P}kt)n?t = *F,t(z;|X)7 (48)
Q:(ZHMN) = (pift + P;,t)nX/[N,t = H*F,t(Z;\MN>' (49)

Next, aggregating the budget constraints of households in the home country and using the
government budget constraint and the relationship By 41 = Buy = Bpiy1 = Bry = 0, the

balance of trade of the home country can be given as follows:?
* - * * 1—p
nx(ecut)TOTL™! nx+Gipn TOT,  n TOT; OpnGy
(5 &)* L -+ (5 15 ¢ *p,(l,[;)t — P 5/1’1‘, m = 0. (50)
' nﬂ&,tq)t o ! n]\/lej_vl,t@fil

On the left-hand side of Eq.(50), the first and second terms represent home exports, while
the third and fourth terms represent home imports.

20With regard to the relationship Brt+1 = But+ = Brt11 = Brt = 0, refer to footnote 21.
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3 Transmission mechanism in an economy without trade
in international bonds

This section examines the effects of an unanticipated permanent government spending
shock in the home country.?! We distinguish between three periods. In the initial period, the
economy is in a symmetric steady state where no country has any net claims on the other.
In period ¢, a home government spending shock occurs, and a short-run equilibrium is seen,
which assumes that nominal wages are fixed, before the shock can be observed. In the long
run (from period ¢ + 1 onward), nominal wages are determined based on Eq.(30) and its
foreign analog, and all variables reach their new steady-state values. Variables in the initial
steady-state are hereafter represented without a time subscript. Variables in the short-run
and long-run equilibriums are represented in terms of deviations from the initial steady-state

with G = G* =0, By = Bjy = Bp = By =0 and ju = " =1 (X = 4% ?z%).” In

=X =

this steady s2tate, our model has the solutions such as np = nx = nj = nk, My = MmN,

(=0 = (2 ;—_119/5)71?7 = (25710/(1 — 8))n; 17 and € = 1 (see Appendix D in the online
appendices).

This section examines both the short-run and long-run effects of the shock. The short-run
effects are examined, in particular, by focusing on the degree of LCP, while the long-run effects
are examined by focusing on the persistence of the shock.??

3.1 The relationships between various macroeconomic variables in
the short-run and long-run equilibriums

The next subsection will examine the effects of a home government spending shock on the
macroeconomic variables. The effects will be examined especially by focusing on the degree
of LCP and the difference between the short-run and long-run equilibriums.

Before the above analysis, however, this subsection first linearizes each of Eqgs.(44)—(50)
and considers the relationships between various macroeconomic variables. From Eqs.(44) and
(45), we obtain the following equations:

e The short-run equilibrium

21This paper focuses on analytical investigation as much as possible. Therefore, the effects of a positive
home government spending shock are examined by ruling out trade in international bonds. This assumption
is based on Corsetti et al. (2004) and Cavallari (2010).

22With regard to home government spending, its short-run and long-run deviations are denoted by G (: %)
and G (: dGTt“) respectively, since its initial value is zero.

23This paper assumes that the nominal money balances are always constant at the initial steady state level
and that, therefore, unanticipated permanent government expenditures in the home country are financed by
permanent tax increases.
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anx _Q"D 1 £ —q(zrx), (52)
e The long-run equilibrium
12 12* =~ e —
§7LD = —571)( +G — Q(ZFlD)7 (53)
l—~ 1= . ==
J7x = —éanLs—q(zF‘X). (54)

Egs.(51) and (52) have the following characteristics. To begin with, when the number
of export (domestic market) firms among foreign-located final goods firms, i.e., ﬁj\( (@),

increases, the home (foreign) household’s consumption of final goods produced in the home
country decreases, which causes a decrease in the sales revenues of domestic market (export)
firms among home-located final goods firms, thereby decreasing profits for these domestic
market (export) firms. Consequently, it leads to their exit from the home market. These
relationships are also shown in the long-run equilibrium (see Eqgs.(53) and (54)). Next, when
the nominal exchange rate depreciates (€ > 0), it increases the sales revenues of domestic
market and export firms among home-located final goods firms. The increase in the sales
revenues of domestic market firms among home-located final goods firms is solely due to
a deterioration of the home country’s terms of trade caused by the nominal exchange rate
depreciation. The increase in the sales revenues of export firms among home-located final
goods firms is due to the deterioration of the home country’s terms of trade caused by the
nominal exchange rate depreciation as well as an increase in sales revenues in terms of the
home country’s currency due to the nominal exchange rate depreciation. This increase in the
sales revenues of domestic market and export firms among home-located final goods firms
causes an increase in the profits of these two types of firms. Consequently, there is an increase
in the number of these two types of firms. Additionally, from the perspective of LCP in both
countries, we can show that these results have the following properties. When the value of n
and/or n* rises, the increase in the number of domestic market and export firms among home-
located final goods firms gets steeper. This is because a rise in 1 and/or n* causes a steeper
increase in profits for these two types of firms through a sharper deterioration in the home
country’s terms of trade under trade in final goods.?* Note that these parameters disappear
in the long-run equilibrium (see Eqs.(53) and (54)). This is because the sales price of the
LCP intermediate goods firm is equal to that of the PCP intermediate goods firm. Further,
from the perspective of the elasticity of substitution between final tradable goods produced
in the home and foreign countries, we can also show that these results have the following
properties. When the value of p rises, the increase in the number of these two types of firms
gets steeper. This is because the rise in this value causes an increasing shift in demand from
the final tradable goods produced in the foreign country to the final tradable goods produced

Etp;’,f,

24The terms of trade under trade in final goods is defined as TOT; = T

for TOT; can be given as TOT = HT”J?

Thus, a first-order approximation
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in the home country. Finally, when G, increases (@ > 0), the home government’s spending

toward final goods sold in the home country increases, which causes an increase in the sales
revenues of domestic market firms among home-located final goods firms. Consequently, it
leads to firm entry into the home market. This relationship is also shown in the long-rum
equilibrium (see Eq.(53)).

From Eqs.(47) and (48), we obtain the following equations:

e The short-run equilibrium

1= 1 (p=D+n) . T

5 D= 5” 1 —q (ZF‘D), (55)
1~ 1 (p=Dn+r)+4. = ——
gMx = —37 ( ) 1 ) + G — ¢ (2px); (56)

§n*D = Tplx — q*(ZF|D), (57)
1= — ~ -~ A*
5”3{ — 3T ¢E +G — C]*(ZF|X)' (58)

Eqgs.(55) and (56) have the following characteristics. To begin with, when the number of
export (domestic market) firms among home-located final goods firms, i.e., ny (np), increases,
the foreign (home) household’s consumption of final goods produced in the foreign country
decreases, which causes a decrease in the sales revenues of domestic market (export) firms
among foreign-located final goods firms, thereby decreasing profits for these domestic market
(export) firms. Consequently, it leads to their exit from the foreign market. These relation-
ships are also shown in the long-run equilibrium (see Eqgs.(57) and (58)). Next, when the
nominal exchange rate depreciates (€ > 0), it decreases the sales revenues of domestic market
and export firms among foreign-located final goods firms. The decrease in sales revenues of
domestic market firms among foreign-located final goods firms is solely due to an improvement
of the foreign country’s terms of trade caused by the nominal exchange rate depreciation. The
decrease in sales revenues of export firms among foreign-located final goods firms is due to
an improvement in the foreign country’s terms of trade caused by the nominal exchange rate
depreciation as well as a decrease in sales revenues in terms of the foreign country’s currency
due to the nominal exchange rate depreciation. This decrease in sales revenues of domestic
market and export firms among foreign-located final goods firms causes a decline in the profits
of these two types of firms. Consequently, there is a decline in the number of these two types
of firms. In addition, from the perspective of LCP in both countries, we can show that these
results have the following properties. When the value of 1 and/or n* rises, the decrease in
the number of domestic market and export firms among foreign-located final goods firms gets
steeper. This is because a rise in 1 and/or n* causes a sharper reduction in profits for these
two types of firms through a steeper improvement in the foreign country’s terms of trade under
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trade in final goods. Note that these parameters also disappear in the long-run equilibrium
(see Eqgs.(57) and (58)). Further, from the perspective of the elasticity of substitution between
the final tradable goods produced in the home and foreign countries, we can also show that
the rise in the value of p intensifies the decrease in the number of these two types of firms.

Finally, when G, increases <@ > O), the home government’s spending toward final goods sold

in the home country increases, which causes an increase in the sales revenues of export firms
among foreign-located final goods firms. Consequently, it leads to firm entry into the foreign
market. This relationship is also shown in the long-run equilibrium (see Eq.(58)).

From Eqs.(46) and (49), we obtain the following equations:

e The short-run equilibrium

”/R;V =G — q(zrun), (59)
n/M\N q (Z;‘MN), (60)
e The long-run equilibrium
Wiy = G — a(zruw), (61)
N = — ¢ (25 )-

Eq.(59) has the following characteristics. An increase in Gy <@ > O) increases profits for

foreign multinational firms among home-located final goods firms, since it causes an increase
in the sales revenues of this firm. Consequently, it encourages new entry into the home market.
This relationship is also shown in the long-run equilibrium (see Eq.(61)).

From Eq.(50), we obtain the following equations:

e The short-run equilibrium

—Dp+n)+2. 1/ oy 1\ S
(p )(77277) o= (%) +5 (5 -7%) + T, (62)

e The long-run equilibrium

1/~ = 1 /= ~ =
:—é(ﬁ—n}>+§<n3—ﬁ>+G. (63)

Eq.(62) has the following characteristics. To begin with, an increase in the relative number

™))

of final tradable goods firms selling in the home country (ﬁB — @) leads to an appreciation

of the nominal exchange rate. The balance of trade is restored via the appreciation, since such
an increase leads to an increase in the net export of final tradable goods. Next, an increase
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in the relative number of final tradable goods firms selling in the foreign country <’r/l% — Ny

leads to a depreciation of the nominal exchange rate. Unlike in the previous case, the balance
of trade is restored via the depreciation, since such an increase leads to a decrease in the net

export of final tradable goods. Finally, an increase in G (6 > O) leads to a decrease in the

net export of final tradable goods. Consequently, it leads to a depreciation of the nominal
exchange rate. These relationships are also shown in the long-run equilibrium (see Eq.(63)).

3.2 Effects of a government spending shock on macroeconomic vari-
ables

This subsection analyzes the effects of a government spending shock.

3.2.1 Effects on the nominal exchange rate

This subsubsection examines the effect of a positive home government spending shock on
nominal exchange rates. The short-run nominal exchange rate is obtained using the following
steps.

To begin with, from Eqs.(51) and (56), we derive:

o~

np kPt £ (64)
G G 2y G
Next, from Eqs.(52) and (55), we derive:
np _nx _ _pln+) € (65)
G C 2 G
Therefore, from Eqs.(62), (64) and (65), we derive:
e 2
= =7>0, (66)
G

where A = p(n+n*) +v{2+ (p — 1)(n +n*)} > 0. The long-run nominal exchange rate is
also obtained in a manner similar to that used to derive the short-run nominal exchange rate
as follows.

=1>0. (67)

QP ol

Eqgs.(66) and (67) show that this shock unambiguously leads to a depreciation of the nominal
exchange rate in both the short-run and long-run equilibriums. Since the mechanism of this
result is the same in both short-run and long-run equilibriums, we can use the equations for
the short-run equilibrium to explain it as follows. Eqgs.(51) and (56) show that, when this
shock occurs, the number of domestic market firms among home-located final goods firms and
export firms among foreign-located final goods firms increases equally. Although the prices of
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export firms among foreign-located final goods firms are the same as the prices of domestic
market firms among home-located final goods firms, the prices of the former firms are lower
than they were before the shock, and thus the value of home imports increases. This causes a
trade deficit in the home country, which in turn causes the nominal exchange rate to depreciate
to balance out the trade deficit. In addition, Eq.(66) also shows that the degree of depreciation
decreases in response to the rise in  and/or n*. This can be explained as follows. To begin
with, from Eqs.(64) and (65), when the value of  and/or n* rises, the relative number of final
tradable goods firms selling in the home country increases, and the relative number of final
tradable goods firms selling in the foreign country decreases. These arise from a deterioration
in the terms of trade of the home country, and hence reduce the magnitude of the trade deficits
in the home country. In addition, the magnitude of the trade deficit also decreases with an
increase in the value of  and/or n*, which is the component of coefficient of de; in Eq.(62).
Consequently, from these two perspectives, the degree of depreciation, which is required to
correct the resulting trade deficit, decreases. Here, Eq.(67) shows that, except in a full PCP
situation, the degree of long-run depreciation exceeds the degree of short-run depreciation and
is equal to the magnitude of this shock. This can be explained as follows. Even though there
are LCP firms in the intermediate goods sector, the situation in the long-run equilibrium will
be the same as if there were only PCP ﬁr£n\s in the intermediate goods sector. Therefore, from
Egs.(64) and (65), the values of i, and n% are equal, and the values of n}, and Tix are equal.

Consequently, from Eq.(63), the degree of the long-run depreciation is equal to the magnitude
of this shock.

3.2.2 Effects on the number of final goods firms

This subsubsection examines the effects of a positive home government spending shock on
the number of different types of final goods firms.?® To begin with, from Eqgs.(51), (52), (55),
(56) and (66), the number of domestic market and export firms among home-located final
goods firms in the short-run equilibrium are as follows:

)

np 1 pA+n)tu7) = @40 —u)
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>0, (68)
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Eqgs.(68) and (69) show that the effects of this shock on the number of domestic market and
export firms among home-located final goods firms in the short-run equilibrium are positive.

> 0. (69)

25The fluctuation in the number of various final goods firms ought ideally to be explained by movements in
all the variables represented by each of the required free entry conditions. However, the explanations here are
in terms of the direct effect of a change in the policy variable, the effect of changes in the nominal exchange
rate, and the effect of changes in entry costs due to the depreciation of the nominal exchange rate, based on
the implications derived from the initial response to a positive home government spending shock.

260ur model does not include the features of the so-called Melitz (2003) model. However, if included, a
positive home government spending shock would affect both the thresholds of both production and exporting
decisions, so the total effect on the number of exporters is ambiguous.
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This result can be explained intuitively as follows. When the shock occurs, the profits for
these two types of firms increase. Specifically, the profits for domestic market firms among
home-located final goods firms increase as a direct effect of the shock and nominal exchange
rate depreciation. The profits for export firms among home-located final goods firms increase
through nominal exchange rate depreciation. At the same time, it increases entry costs for
these two types of firms through a depreciation of the nominal exchange rate. However, the
profits are greater than the entry costs for both types of firms. Consequently, there is an in-
crease in the number of these two types of firms as the shock increases the difference between
profits and entry costs for both (see Egs.(51), (52) and (66)). Here, differentiating Eq.(68)
with respect to n and n*, we can show that the rise in 7 and/or n* intensifies the increase
in the number of domestic market firms among home-located final goods firms. This can be
explained as follows. The larger the value of  and/or n*, the greater the increase in difference
between profits and entry costs for domestic market firms among home-located final goods
firms. This means that the steeper increase in profits due to the sharper deterioration in
the home country’s terms of trade and the weaker increase in entry costs due to a weaker
nominal exchange rate depreciation contribute significantly to a steeper increase in this dif-
ference. Consequently, the degree of the increase in the number of these domestic market
firms intensifies. On the other hand, differentiating Eq.(69) with respect to n and n*, we can
show that a rise in 7 essentially weakens the increase in the number of export firms among
home-located final goods firms, while a rise in n* intensifies the increase in the number of
these export firms. In particular, the latter result can be explained based on the intensifica-
tion of the increase in difference between profits and entry costs for these export firms. This
is based on an acceleration of the weakening of the increase in entry costs caused by both
the weakening of the nominal exchange rate depreciation and the weakening of the nominal
exchange rate pass-through, although the increase in profits due to this depreciation will also
weaken.?” In another analysis, comparing scenarios with and without vertical trade, we may
be able to show that the number of domestic market firms and exporters among home-located
final goods firms increases significantly in the latter. This is because, in the scenario with
vertical trade, nominal exchange rate depreciation increases entry costs for these two types of
final goods firms, whereas, in the scenario without vertical trade, entry costs for these firms
remain constant despite nominal exchange rate depreciation due to these firms not requiring
imported foreign intermediate goods for market entry.

Next, from Eqgs.(51), (52), (55), (56) and (66), the number of domestic market and export
firms among foreign-located final goods firms in the short-run equilibrium are as follows:

—
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*"The effect of this shock on ¢;(zp|x) can be given as q(z/g\)() = 1;7’* % + ’y%.
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Eq.(70) shows that the effect of this shock on the number of domestic market firms among
foreign-located final goods firms is ambiguous, while Eq.(71) shows that the effect of this
shock on the number of export firms among foreign-located final goods firms is positive. These
results can be explained intuitively as follows. To begin with, when this shock occurs, the
profits for domestic market firms among foreign-located final goods firms decrease. Specifically,
under conditions other than full PCP, the profits for these firms decrease as a result of the
depreciation of the nominal exchange rate. At the same time, it also causes a decrease in entry
costs for these firms through the depreciation of the nominal exchange rate. The magnitude
relation of these two decreases is determined by the size of two types of LCP parameters.
Consequently, the effect on the number of these firms is ambiguous. On the other hand, while
this shock lowers the entry costs for export firms among foreign-located final goods firms
through nominal exchange rate depreciation, it also essentially increases the profits for these
firms. A significant portion of the increase in the profits for these firms is as a direct result of
this shock. Consequently, there is an increase in the number of these firms (see Egs.(55), (56)
and (66)). Here, differentiating Eq.(70) with respect to n and n*, we can show that a rise in 7
and/or n* weakens (or intensifies) the increase in (or the decrease in) the number of domestic
market firms among foreign-located final goods firms. On the other hand, differentiating
Eq.(71) with respect to n and n*, we can show that a rise in 7 weakens the increase in the
number of export firms among foreign-located final goods firms, while a rise in n* essentially
intensifies the increase in the number of these export firms. These mechanisms can also be
explained using the same logic as adopted for the result obtained from Eq.(69). For example,
the latter result can be explained based on an intensification in the increase in difference
between profits and entry costs for these export firms. This is based on a deceleration of
the weakening of the decrease in entry costs caused solely by the weakening of the nominal
exchange rate depreciation, although the increase in profits due to this depreciation will also
intensify.?® In another analysis, comparing the scenarios with and without vertical trade, we
may be able to show that the number of domestic market firms and exporters among foreign-
located final goods firms is significantly reduced in the latter. This is because, in the scenario
with vertical trade, nominal exchange rate depreciation decreases entry costs for these two
types of final goods firms, whereas, in the scenario without vertical trade, entry costs for
these firms remain constant despite nominal exchange rate depreciation due to these firms not
requiring imported home intermediate goods for market entry.

Further, from Egs.(59), (60) and (66), the number of foreign multinational firms among
home-located final goods firms in the short-run equilibrium, and that of home multinational
firms among foreign-located final goods firms in the short-run equilibrium are as follows:

—
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28The effect of this shock on qt*(z}IX) can be given as @ = —17777% + ’Y%{
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Eq.(72) shows that the effect of this shock on the number of foreign multinational firms
among home-located final goods firms is positive, while Eq.(73) shows that the effect of this
shock on the number of home multinational firms among foreign-located final goods firms is
non-negative. This is because, for the former, this shock brings a larger increase in profits as
a direct effect of the shock than it does an increase in entry costs through nominal exchange
rate depreciation, while, for the latter, in a foreign country, it prevents the entry costs from
increasing through nominal exchange rate depreciation (see Egs.(59), (60) and (66)). Here,
differentiating both Eqs.(72) and (73) with respect to n and n*, we can show that a rise in 7
and /or n* essentially intensifies the increase in the number of foreign multinational firms among
home-located final goods firms, while a rise in 1 and/or n* essentially weakens the increase in
the number of home multinational firms among foreign-located final goods firms. These results
are based on the fact that both the increase in entry costs in the home market and the decrease
in entry costs in the foreign market are weakened through the weakening of nominal exchange
rate depreciation. In another analysis, comparing the scenarios with and without vertical
trade, we may be able to show that the number of foreign multinational firms among home-
located final goods firms significantly increases, while the number of home multinational firms
among foreign-located final goods firms significantly decreases in the latter. The explanation
for the former is similar to the explanation for the fact that the number of domestic market
and export firms among home-located final goods firms may increase significantly, while the
explanation for the latter is similar to the explanation for the fact that the number of domestic
market and export firms among foreign-located final goods firms may decrease significantly.

Finally, the number of different types of final goods firms in the long-run equilibrium are
as follows:

@:ﬁzn}}:n}:@:nimz 1 - (74)
¢ @G G G & G 20141

Here, taking Eq.(67) into account, we obtain a relationship whereby the sum of the free
entry conditions of two types of tradable goods firms selling in the home market is equal to
that of the free entry conditions of two types of tradable goods firms selling in the foreign

market. In addition, by combining this relationship with the two conditions of iy = n% and

ny = %,29 we also obtain that the number of four types of tradable goods firms is equal.

Further, taking the free entry conditions of two types of multinational firms into account, we
obtain Eq.(74) shown above. It is important to note that the number of domestic market firms
among foreign-located final goods firms is certainly positive. In the short-run equilibrium, the
entry costs of these firms have the potential to exceed their profits. However, in the long-run
equilibrium, the profits of these firms certainly exceed their entry costs. Hence, there is an
increase in the number of these firms. Comparing the scenarios with and without vertical
trade, the number of six types of final goods firms will probably not be equal in the scenario
without vertical trade: the number of three types of home-located final goods firms may
increase significantly and the number of three types of foreign-located final goods firms may
decrease significantly. The mechanism by which this outcome arises can be explained by the

From Egs.(64) and (65), these conditions are derived.
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mechanism used in the analysis of short-run equilibrium.

3.2.3 Effects on CPI and overall consumption

This subsubsection examines the effects of a positive home government spending shock on
the CPIs of both the countries and overall consumption in both countries. Let us first consider
the effects of this shock on the CPIs of both the countries in the short-run equilibrium, which
can be given as follows:

ﬁ__ 0 B ) v
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where @ =2(1+ 7)1 =" )(p =10 - 1) + 600 = )2 +n—n"+ O+ )L +7)(p—1)) +
21— 8)(p — 1)(1 —17) > 0 and Qs = 2(1+9)(1 = )(p— 1)(0 — 1) + 50 — 1)@ +1° — 5 +
m+n)A14+7)(p-1)+2(1 =06)(p—1)(1—n) > 0. Eq.(75) shows that the effect of this
shock on home CPI in the short-run equilibrium is ambiguous, while Eq.(76) shows that the
effect of this shock on foreign CPI in the short-run equilibrium is negative. Using the variables
representing the nominal exchange rate and the number of different types of final goods firms,
Eqgs.(75) and (76) can be rewritten as follows:
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From Eqs.(77) and (78), Egs.(75) and (76) can be explained as follows. To begin with, the
home country result can be explained by way of two channels: the increase in the weighted
sum of the number of three types of final goods firms that sell in the home market; and the
depreciation of the nominal exchange rate. The effect of the first channel on home CPI in the
short-run equilibrium is brought about by an increase in the supply of final goods sold in the
home country. The effect of the second channel on home CPI in the short-run equilibrium is
brought about by an increase in the home-currency prices of home final goods sold in the home
country and an increase in the home price index of final tradable goods due to a deterioration
in the terms of trade of the home country. Consequently, the overall effect of this shock on
home CPI in the short-run equilibrium is ambiguous. Next, the foreign country result can be
also explained by way of two channels: the increase in the weighted sum of the number of three
types of final goods firms that sell in the foreign market; and the depreciation of the nominal
exchange rate. The effect of the first channel on foreign CPI in the short-run equilibrium is
brought about by an increase in the supply of final goods sold in the foreign country. The
effect of the second channel on foreign CPI in the short-run equilibrium is brought about by a
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decrease in the foreign-currency prices of foreign final goods sold in the foreign country and a
decrease in the foreign price index of final tradable goods due to an improvement in the terms
of trade of the foreign country. Consequently, the overall effect of this shock on foreign CPI
in the short-run equilibrium is negative. This is determined independent of home and foreign
LCP parameters. Here, a rise in n* weakens the increase in (or intensifies the decrease in)
home CPI, and a rise in n weakens the decrease in foreign CPI. In particular, the latter result
can be explained by the decline in the degree of the decrease in the two channels on foreign
CPI due to the rise in . In addition, our model can also handle fluctuations in home-currency
(foreign-currency) prices of home (foreign) final goods sold in the home (foreign) country. This
is a key feature of our model, which introduces vertical trade. Furthermore, comparing the
scenarios with and without vertical trade, we may be able to show an increase in downward
pressure on home CPI, while we may be able to show a decrease in downward pressure on
foreign CPI in the latter. This is based on the fact that, with regard to home CPI, there
may be a greater increase in the number of domestic market firms and foreign multinational
firms among home-located final goods firms, while with regard to foreign CPI, there may be a
greater decrease in the number of domestic market firms and home multinational firms among
foreign-located final goods firms.

In the long-run equilibrium, the effects of this shock on the CPIs of both the countries are
as follows:

P o1 -
5:5<1_(p—1)(1+v)_(9—1)(1+7>>7 (79)
52_5 <1+ (p—1)(1+7) + (9—1)(1+7)) <0. (80)

Eq.(79) shows that the effect of this shock on home CPI is ambiguous, while Eq.(80) shows
that its effect on foreign CPI is negative. The effect of this shock on home CPI is brought
about by an increase in the supply of final goods sold in the home country and the increase in
the home-currency prices of home final goods sold in the home country. On the other hand,
the effect of this shock on foreign CPI is brought about by an increase in the supply of final
goods sold in the foreign country and the decrease in the foreign-currency prices of foreign final
goods sold in the foreign country. Compared with the CPIs in the short-run equilibrium, the
CPIs in both countries are characterized by the disappearance of the terms of trade channel.
The interpretation of the analysis comparing scenarios with and without vertical trade in the
long-run equilibrium is the same as that for the short-run equilibrium analysis.

Next, let us consider the effects of a positive home government spending shock on overall
home consumption C(= —P) and overall foreign consumption C’*( P*) The effect of this
shock on C is ambiguous since its effect on home CPI is ambiguous. On the other hand, the
effect of this shock on C* is positive since its effect on foreign CPI is always negative. Here,
we consider the fluctuations in overall consumption in both countries from the perspective
of LCP. From the definition of C, when the increase (or decrease) in home CPI weakens (or
intensifies), the decrease (or increase) in C weakens (or intensifies). From the definition of C*,

when the decrease in foreign CPI weakens, the increase in C* weakens. Moreover, we consider

29



fluctuations in overall consumption in both countries by comparing the scenarios with and
without vertical trade. In the scenario without vertical trade, there is likely to be greater
downward pressure on home CPI, so overall home consumption is more likely to increase than
in the scenario with vertical trade. On the other hand, in the scenario without vertical trade,
there is likely to be smaller downward pressure on foreign CPI, so overall foreign consumption
is more likely to decrease than in the scenario with vertical trade.

The variables C' and C*, which are the long-run effects of this shock on overall consumption
in the home and foreign countries, also fluctuate in the same direction as short-run effects.
These fluctuations are determined based on the definition of consumption and the fluctuation
of the CPI. The interpretation of the analysis comparing scenarios with and without vertical
trade in the long-run equilibrium is the same as that for the short-run equilibrium analysis.

3.2.4 Effects on employment

This subsubsection examines the effects of a positive home government spending shock on
the employment levels of both countries. Let us first consider the effects of this shock on the
employment levels of both countries in the short-run equilibrium, which are as follows:

%: % <1+7(20(1—77) ;A(2—77—77*))> -0, (81)
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Eqgs.(81) and (82) show that the effect of this shock on employment levels of both countries
are positive. Using the variables that represent the number of different types of final goods
firms, their profits, and the price indexes of intermediate goods imported by them, Eqs.(81)
and (82) can be rewritten as follows:
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As shown in Eqs.(83) and (84), the effects of this shock on the employment levels of both
countries can be separated into three channels: the weighted sum of the number of three
types of final goods firms located in both countries; the weighted sum of the profits of three
types of final goods firms located in both countries; and the sum of the price indexes of
intermediate goods imported by final goods firms located in both countries. From Egs.(83)
and (84), the mechanisms of these three channels can be explained as follows. To begin with,
when the first and the second channels are positive, they cause an increase in intermediate
goods required for the production of final goods. Therefore, they have a positive effect on the
employment levels of both countries. On the other hand, when the third channel is negative,
this is based on an increase in production costs of final goods. It, therefore, has a negative
effect on the employment levels of both countries since it causes a decrease in intermediate
goods used by final goods firms. Now, in both countries, the sum of the first and the second
channels is positive. Additionally, the third channel in Eq.(83) shows that the demand for
home intermediate goods by foreign final goods firms increases significantly due to the nominal
exchange rate depreciation caused by this shock, while the third channel in Eq.(84) shows that
the demand for foreign intermediate goods by home final goods firms decreases significantly
for the same reason. Here, the third channel in Eq.(83) has a strong positive side. Therefore,
the overall effect of this shock on the employment level of the home country is positive. On
the other hand, although the third channel in Eq.(84) has a strong negative side, the positive
effect due to the sum of the first and second channels dominates the whole. Therefore, the
overall effect of this shock on the employment level of the foreign country is also positive.
This is determined independently of home and foreign LCP parameters. Here, a rise in n
weakens the increase in home employment, and a rise in n* intensifies the increase in foreign
employment.
In the long-run equilibrium with flexible prices in both the final and intermediate goods
sectors, the effects of this shock on the employment levels of both countries can be given as
follows:

=21s0 (85)
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Eqgs.(85) and (86) show that, as in the short-run equilibrium, the effects of this shock on
the employment levels of both countries are positive. In addition, unlike in the case of the
short-run equilibrium, the home country’s third channel is clearly positive while the foreign
country’s third channel is clearly negative. Hence, the effect of this shock on home employment
is greater than that on foreign employment.

Based on the results pertaining to short-run and long-run equilibriums, this shock has a
persistent positive effect on employment levels in both countries over two periods.
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3.2.5 Effects on aggregate output

This subsubsection examines the effects of a positive home government spending shock on
the aggregate outputs of both countries. Let us first consider the effects of this shock on the
aggregate outputs of both countries in the short-run equilibrium, which are as follows:
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Eq.(87) shows that the effect of this shock on aggregate home output is positive, while Eq.
(88) shows that its effect on aggregate foreign output is non-negative. Using the variables
that represent the numbers of different types of final goods firms, Eqs.(87) and (88) can be
rewritten as follows:
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As shown in Eq.(89), the effect of this shock on the weighted sum of the number of three
types of home-located final goods firms is positive. This means that these firms increase their
output of goods. On the other hand, as shown in Eq.(90), the effect of this shock on the
weighted sum of the number of three types of foreign-located final goods firms is non-negative.
This means that these firms, especially foreign final goods exporters and home multinational
firms, also essentially increase their output of goods. However, when n = 1, this shock has
no effect on aggregate foreign output. This is because it has no effect on the weighted sum
of the number of three types of foreign-located final goods firms. Here, a rise in n and/or n*
essentially intensifies the increase in aggregate home output while weakening the increase in
aggregate foreign output. These results can be explained by the fluctuation in the number of
different types of final goods firms due to the rise in 7 and/or n*. For example, a rise in n*
intensifies the increase in the number of each of the three types of home-located final goods
firms. Therefore, the rise in this value intensifies the increase in aggregate home output.

By the way, the factor of firm entry plays a special role in the fluctuations in aggregate
outputs in both countries. For example, a rise in the value of 7 essentially weakens the increase
in aggregate home output while intensifying the increase in aggregate foreign output. These
can be explained as follows. When the value of v rises, the three types of home-located final
goods firms are less likely to enter the home market because their entry costs increase, while
the three types of foreign-located final goods firms are more likely to enter foreign markets
because their entry costs decrease.?® These lower the output of final goods produced in the

30In accordance with what is noted in footnote 25, with regard to fluctuations in the number of final goods
firms, the explanation here of an increase or a decrease in the entry costs for these firms due to a rise in vy is
also based on a higher degree of nominal exchange rate depreciation due to the same.
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home market and increase the output of final goods produced in the foreign market, thus
weakening the increase in aggregate home output and intensifying the increase in aggregate
foreign output. In addition, the factor of vertical trade also plays a special role in fluctuations
in aggregate output in both countries. The fluctuation in aggregate home output may be
significantly lower than in the scenario without vertical trade. As shown in Section 3.2.2, this
is because, in the scenario with vertical trade, nominal exchange rate depreciation increases
entry costs for the three types of home-located final goods firms, whereas, in the scenario
without vertical trade, entry costs for these firms remain constant despite nominal exchange
rate depreciation due to these firms not requiring imported foreign intermediate goods for
market entry. That is, comparing the scenarios with and without vertical trade, the former
has a greater potential to discourage the new entry of these firms into the home market than
the latter, and hence also a greater potential to reduce the supply of goods by these firms.
On the other hand, the fluctuation in aggregate foreign output may be significantly higher
than in the scenario without vertical trade. As shown in Section 3.2.2, this is because, in the
scenario with vertical trade, nominal exchange rate depreciation decreases entry costs for the
three types of foreign-located final goods firms, whereas, in the scenario without vertical trade,
entry costs for these firms also remain constant despite nominal exchange rate depreciation
due to these firms not requiring imported home intermediate goods for market entry. That is,
comparing the scenarios with and without vertical trade, the former has a greater potential
to facilitate the new entry of these firms into the foreign market than the latter, and hence
also a greater potential to increase the supply of goods by these firms.

Next, the long-run effects of this shock on aggregate outputs in the home and foreign
countries are as follows:

_L 1l

a 2

From Eq.(74), the number of different types of final goods firms located in the home and
foreign countries are all equally positive. Hence, from the long-run versions of Eqs.(89) and
(90), the aggregate home output in the long-run equilibrium increases by the same levels as
the aggregate foreign output in the long-run equilibrium.

Based on the results pertaining to short-run and long-run equilibriums, this shock essentially
has a persistent positive effect on aggregate outputs in both countries over two periods. In
particular, unlike the result of Cook and Devereux (2011), the fiscal spillover effect on aggregate
foreign output in our analysis is shown to be positive, as in Devereux and Yu (2019) and
Devereux et al. (2020).

Qb=

4 Welfare

This section examines the effects of a positive home government spending shock on the
welfare of both countries. Following Obstfeld and Rogoff (1995, 1996) and others, this pa-
per focuses on the real parts of a household’s utility and assume that the effect of real
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balances on utility is small enough to be neglected.® Taking the first-order approxima-
tion of the household’s utility under such an assumption, we examine the effects of such

a shock on the welfare of both countries 9% = £ — g=1&=1L 4 £ (g — U—_lgf—lg),
€ o £q - \c o &G
dUéR = % — %%% + % <g — "%%%) . Effects on welfare are difficult to evalu-

ate from an analytical perspective, so this paper evaluate them numerically, specifically by
focusing on the degree of LCP. To perform an analysis using a numerical example, the values
of seven parameters need to be specified. The parameters that measure the elasticities of sub-
stitution between any two differentiated final goods at the two stages of production are first
set at # = 0 = 6 in according with Gong et al. (2016).3? The elasticity of substitution between
goods produced in the home and foreign countries is set at p = 4.5 in accordance with Benigno
and Benigno (2006). The elasticity of substitution among labor varieties is set at £ = 4.52 in
accordance with Gali (2013). The subjective discount factor is set at 5 = 0.99 in accordance
with Ferrero (2009). The share of the tradable composite of differentiated final goods is set at
9 = 0.25 in accordance with Obstfeld and Rogoff (2005). Finally, -y is set somewhat arbitrarily
at 1. In what follows, some speculations from the perspective of analytical investigation are
introduced. This is followed by an analysis using a numerical example.

4.1 Analytical investigation

This subsection examines the effects of a positive home government spending shock on
short-run welfare in both countries from the perspective of analytical analysis, since the LCP
parameters only appear in the short-run equilibrium. Moreover, it is essentially unclear what
the effect of this shock is on the short-run welfare of either country. Having said that, let
us consider under what circumstances this shock raises or does not raise the levels of home
and foreign short-run welfare. To begin with, it follows that this shock raises home short-run
welfare as long as 17 and n* meet the following condition:

(o0 {20606 - 00+ (o~ 1)1 =8 &1}~ 36 - D] 0201 + (o - D1+ ) = 2|
+(er{2as{<9 S5+ (p— 11— 6} - <1>1} n 9057{2(,0 — {0 - D1 +7)+ (1 6)}

+5<@—1><1—<p—1><1+v>>}—v@l)m(27605{@—1)(1—6)—<p—1><e—1><1+7>—5<9—1>}

31By abstracting from the utility of real balances, this paper follows the formulation of Obstfeld and Rogoff
(1995, 1996). Many literatures pertaining to the NOEM model use this formulation. For e.g., see Betts and
Devereux (2000), Corsetti et al. (2000), Obstfeld and Rogoff (2000, 2002), Tille (2001), Sutherland (2004),
Corsetti and Pesenti (2005), Berger (2006), Shi and Xu (2007), and Dohwa (2008, 2014, 2018).

32 A non-exhaustive list of contributions on estimates of these parameters, which correspond to a mark-up
of 20 percent in the steady state, include Gali and Monacelli (2005, 2008), Gali (2008), Corsetti et al. (2011),
and Farhi and Werning (2012).
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—27(20 — 1)@y + 4v00&(0 — 1)6) > 0, (91)

where ' = v(p—1)+p >0, = @ —1)(p—1)(c—1)E—-1)(1+7v) > 0 and &y =
(20— 1)(p— 1)(o — 1)(€ — 1)(1+7) > 0,

On the other hand, when n and n* satisfy the following condition, this shock lowers home
short-run welfare:

(er{zo—g{(e SDS+(p— 1)1 =) — @1} - 1){9055(1 +(p—1(1+7) - %})n

+(er{2ag{<9 — 15+ (p— 1)1 -6} - <1>1} n eam{z@ — {0 - D1 +7) + (1 6)}
#O- D)1= (119 b0 )i+ (20606] (9= D1=0)~ (- 1O~ D(1+9) =00~ }

—27(20 — 1)®y + 4~v05&(0 — 1)5) <0. (92)

Condition (91) shows that this shock causes the positive effect on short-run welfare from
consumption of final goods to dominate the negative effect on short-run welfare from employ-
ment. On the other hand, condition (92) shows that this shock causes the negative effect on
short-run welfare from employment to dominate the positive effect on short-run welfare from
consumption of final goods. When 1 = n* = 0, there is a high likelihood that the condition
(92) will hold. This is because while the value of * is small, so that overall home consumption
decreases significantly, or in the case it increases, the degree of the increase is small, the value
of i is also small, so that home employment increases significantly. Now, when n = n* = 0,
condition (92) can be rewritten as follows:

0o€(6(0 —1) + (1 =0)(p—1))
(6 = 1D(p—1)((20 = 1)(0 = 1)(§ = 1) + 00¢)

If this condition is satisfied and v takes an extremely high value, this shock will greatly
lower the short-run welfare of the home country. This can be explained as follows. When the
value of v is large, the entry costs for the three types of final goods firms selling in the home
market become high. Hence, it becomes difficult for these firms to enter the final goods market
of their respective countries. This causes a decline in the supply of goods by these firms in the
home market, which intensifies (or weakens) the increase (or decrease) in home CPI. Therefore,
the decrease (or increase) in overall home consumption intensifies (or weakens). Consequently,
this shock greatly lowers the short-run utility of the home country.3® On the other hand, if

I+v>

33When the value of v increases, the decrease (or increase) in overall home consumption in the long-run
equilibrium also intensifies (or weakens). This can be explained by the same mechanism as that for an
intensification in the decrease (or a weakening in the increase) in overall home consumption in the short-run
equilibrium. Therefore, the mechanism for the effect of a change in the value of v on the long-run welfare of
the home country can be explained in the same way as in the short-run equilibrium.
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we do not introduce vertical trade into our model, as shown in Section 3.2.3, a positive home
government spending shock has the potential to raise overall home consumption to a greater
degree than when we introduce vertical trade into the model, not only when n = n* = 0.
Consequently, this shock has the potential to significantly increase the short-run utility of the
home country.*

Next, this shock raises foreign short-run welfare when 7 and n* satisfy the following condi-
tion:

(—<I>1(<9F+7(29— 1) +~(0— 1)90§5F) n*+(—9{F<I>1 +oév{2(p—D{(1=6)+(1+~)(0—1)}

+5(9—1)(2—F)}}>n+(290{7{(,0—1){(1+'7)(9—1)+(1—5)}+5(9—1)}—270@1) > 0. (93)

On the other hand, when 7 and n* satisfy the following condition, this shock lowers foreign
short-run welfare:

(—(131(¢9F+7(29— 1)) +7(0— 1)90§5F) n*+(—9{rq>1 oty {2(p—D{(1=8)+(1+7)(0—1)}

+5(9—1)(2—F)}})7)+(29057{(p—1){(1+’y)(9—1)—1—(1—(5)}—1—5(9—1)}—279@1) < 0. (94)

Condition (93) shows that this shock causes the positive effect on short-run welfare from
consumption of final goods to dominate the negative effect on short-run welfare from employ-
ment. On the other hand, condition (94) shows that this shock causes the negative effect on
short-run welfare from employment to dominate the positive effect on short-run welfare from
consumption of final goods. When 1 = n* = 0, there is high likelihood that condition (93)
will hold. This is because, while the value of n is small, so that overall foreign consumption
increases significantly, the value of n* is also small, so that foreign employment increases only
slightly.

Here, judging only by the short-run equilibrium for now, under the condition (92), this
shock can be regarded as a beggar-thyself policy in the sense that it lowers home welfare.

4.2 Numerical example

This subsection examines the effects of a positive home government spending shock. Before
examining the effects of this shock on the welfare of both countries, let us examine the effects
of this shock on the overall _consumptions of both countries in the short-run and long-run

equilibriums (C’ C’* C’ and C*) and on the employment levels of both countries in the short-

run and long-run equilibriums (E, o, 7 and 7). These analyses adopt scenario (a) in Table 1
as the benchmark scenario.

341f we do not introduce vertical trade into our model, overall home consumption in the long-run equilibrium
is also likely to be higher than if we introduce vertical trade into the model. This can be explained by the same
mechanism as the possible increase in overall home consumption in the short-run equilibrium. Therefore, the
possibility of an increase in the long-run utility of the home country can be explained in the same way as the
possibility of an increase in the short-run utility of the home country.
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[Insert Table 1 around here]

To begin with, the first and second rows in Table 1 show the effect of this shock on C and
C*, respectively. In all scenarios, the effect of this shock on C* is positive. On the other
hand, in scenarios other than (c) and (d), the effect of this shock on C'is negative. In scenario
(a), the positive effect on C* is largest. This is because all of the intermediate goods firms
employ PCP. When the value of 7 rises, this effect is significantly weakened compared with the
benchmark scenario (compare scenario (a) with scenarios (b) and (d)). Similarly, in scenario
(a), the negative effect on C is largest. When the value of n* rises, this effect is weakened
(compare scenario (a) with scenarios (c¢) and (d)). Next, the third and fourth rows in Table 1
show the effect of this shock on 7 and Z;, respectively. In all scenarios, the effects of this shock
on ¢ and ¢* are positive. In addition, in scenario (a), the effect of this shock is largest on ¢
and smallest on ¢*. This is also because all the intermediate goods firms employ PCP. When
the value of 7 rises, the effect on /¢ is significantly weakened compared with the benchmark
scenario (compare scenario (a) with scenarios (b) and (d)). On the other hand, when the value
of n* rises, the effect on 0+ is significantly intensified compared with the benchmark scenario
(compare scenario (a) with scenarios (c¢) and (d)). The fifth and sixth rows in Table 1 show

the effect of this shock on C' and C*, respectively, while the seventh and eighth rows show its

effect on ¢ and ¢*, respectively. Each of these variables, having reached its steady-state value,
takes the same value in all scenarios.

Let us examine the effects of a positive home government spending shock on the welfare of
both countries. The nineth and tenth rows in Table 1 show the effect of this shock on home
country utility and foreign country utility, respectively. In all scenarios in Table 1, the effect
on the home country’s utility is negative, but that on the foreign country’s utility is positive.
Therefore, all scenarios show that this shock has a beggar-thyself and prosper-thy-neighbor
effect. These effects are weakened in scenarios (b)—(d) compared with the benchmark scenario,
albeit only slightly.

5 Conclusions

By incorporating the three factors of LCP, vertical production and trade, and endoge-
nous entry by final goods firms into the standard NOEM model with nominal wage and price
rigidities, this study has examined how a positive home government spending shock affects
macroeconomic variables and welfare. Its main findings can be summarized as follows. First,
an increase in the degree of LCP weakens the depreciation of the nominal exchange rate caused
by this shock. Second, an increase in the degree of LCP magnifies the effect of this shock on
the number of final goods firms located in the home and foreign countries. In particular,
an increase in the degree of LCP essentially weakens the increase in the number of home
multinational firms among foreign-located final goods firms and intensifies the increase in the
number of foreign multinational firms among home-located final goods firms. Third, the ef-
fects of this shock on the employment levels of both countries are positive. When the degree
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of LCP increases, the effect of this shock on home employment is essentially weakened, while
its effect on foreign employment is essentially strengthened. Fourth, the effects of this shock
on the aggregate outputs of both countries are essentially positive. When the degree of LCP
increases, the effect of this shock on aggregate home output is essentially strengthened, while
its effect on aggregate foreign output is essentially weakened. Finally, the effect of this shock
on home welfare is negative, while that on foreign welfare is positive. Therefore, this shock
has a beggar-thyself and prosper-thy-neighbor effect.

Based on the various above findings, the following points can be suggested. First, it can be
said, based on the second finding above that, when the government’s objective is to prevent
the promotion of outward FDI, government spending should be made when the pricing of
intermediate goods firms is largely based on LCP. Similarly, when the government’s objective
is to accelerate the promotion of inward FDI, government spending should be made under the
same circumstances as above. Next, the fourth finding shows that the international transmis-
sion effect of a home government spending shock on aggregate foreign output is largely absent
when the pricing of intermediate goods firms is largely based on LCP, so if the home govern-
ment is only interested in expanding its own output, it should do so under this circumstance.
Finally, the fifth finding shows that a government spending shock has a beggar-thyself effect
in this model, so the implementation of such a policy must be carefully considered. However,
such an effect is weakened when many intermediate goods firms employ LCP, so, other things
being equal, a higher LCP ratio is preferable. Therefore, if it is necessary to implement such a
policy, it is preferable to do so under such circumstances. Bacchetta and Wincoop (2005) point
out that when the nominal exchange rate fluctuates, home firms are better off choosing PCP
over LCP if the goods produced in the home country are fairly differentiated.?® Therefore,
when many intermediate goods firms employ PCP, such an effect is intensified. Therefore, in
such an environment it is advisable to implement other economic policies, such as corporate
tax reduction, as shown by Dohwa (2018).

This paper obtained the above findings by making some strong assumptions. It would be
more desirable to find the various results by relaxing these assumptions. First, the study may
yield more interesting results, for instance, if it were to adopt a model that accepts a trade
balance imbalance. Second, like Corsetti et al. (2007), this study might yield different results
if it were modified to assume that the government spends only on goods produced by domestic
market final goods firms. These issues remain for future research.
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Fig. 1 Outward FDI from the U.S., Japan, the UK, and Germany.
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Fig. 2 Inward FDI to the U.S., Japan, the UK, and Germany.
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Table 1: Effects of a positive home government spending shock.

(@)n=n"=0 (B)n=1,7"=0 (c)n=0,n"=1 (dn=n"=1

C —0.445 —0.015 0.096 0.095
O 0.555 0.014 0.125 0.016

¢ 0.917 0.492 0.592 0.500

r* 0.083 0.408 0.508 0.500
C —0.445 —0.445 —0.445 —0.445
Cc* 0.555 0.555 0.555 0.555

/ 0.917 0.917 0.917 0.917

I 0.083 0.083 0.083 0.083
dUFR —103.953 —103.247 —103.201 —103.143
dU*E 50.128 49.376 49.422 49.318
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