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Dynamic Stochastic General Equilibrium model in which firms have heterogeneous productivity
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erature, this model endogenizes both multinational production and exports as possible strategies
of internationalization of production, a feature that substantially improves the match between
model-simulated moments and business cycle data along two dimensions. First, once I allow for
concurrent entry (and exit) of MNFs and exporters over the business cycle, the consumption-
output anomaly disappears and I can successfully replicate the ranking of cross-country cor-
relations of output and consumption found in the data. Second, I show that the model with
heterogeneous MNFs is capable of bringing the simulated volatility of the Real Exchange Rate
much closer to the data than previous models with either representative or heterogeneous ex-

porters.

J.E.L. CLASSIFICATION: F12, F23, F41, F42
KEYWORDS: FDI, Endogenous Tradability, Heterogeneous firms, International Business
Cycle, Technology Transfer

*I am grateful to Thomas Lubik, Pravin Krishna , Roc Armenter, Jon Faust, Johanna Francis, Yasuo
Hirose, Paolo Pesenti, Kadee Russ, Matt Shum, the audience of the ETSG, 2008 EEA conference, and
seminar participants at Alberta Business School, Carleton University, Johns Hopkins University, FRB of New
York, FRB of St. Louis, UQAM, and UC Irvine for many helpful comments and discussions. This paper
has circulated since 2007 with the following title: “International Macroeconomics Dynamics, Endogenous
Tradability and Foreign Direct Investment with Heterogeneous Firms” The views expressed are those of the
individual authors and do not necessarily reflect official positions of the Federal Reserve Bank of St. Louis,
the Federal Reserve System, or the Board of Governors. Contact: silvio.contessi@jhu.edu .



1 Introduction

The international organization of production is remarkably different today from what it looked
like just fifteen or twenty years ago, with the formidable growth of Foreign Direct Investment (FDI)!
standing out both in data and anecdotal evidence. In terms of growth rates, FDI flows and foreign
sales have surpassed international trade and output since the late 1980s, accelerating sharply in
the 1990s and 2000s to the extent that such a mode of delivering goods and services abroad has
become quantitatively more important than trade (Table 1, Figure 1 and 2). Yet, somewhat
surprisingly, these developments have received little attention in open economy macroeconomic
theory and existing research has not discussed whether the explicit consideration of FDI has the
potential of changing the properties of its workhorse models. In this paper, I focus on the role of
FDI in altering the transmission of shocks across countries by studying the aggregate implications
of firm level heterogeneity in a two country world where firms can engage in FDI in addition to
exporting. To do so, I develop a micro-founded Dynamic Stochastic General Equilibrium (DSGE)
model of international macroeconomic dynamics where firms have heterogeneous productivity as
formulated in Melitz (2003). Unlike the existing open economy macroeconomic literature, this
model endogenizes both FDI and exports as possible modes of accessing foreign markets, a feature
that improves substantially the match between model-simulated moments and business cycle data
along two dimensions. First, once I allow for concurrent entry (and exit) of MNFs and exporters
over the business cycle, the consumption-output anomaly? originally brought to light in Backus,
Kehoe, and Kydland (1992) disappears and I can successfully replicate the ranking of cross-country
correlations of output and consumption that more traditional models of international co-movement
cannot account for. Second, I show that the model with heterogeneous MNFs is capable of bringing
the simulated volatility of the Real Exchange Rate much closer to the data than previous models
with either representative or heterogeneous exporters (Ghironi and Melitz, 2005). Intuitively, this

happens because when MNF's locate production in different destination markets, they diversify

! According to the LM.F.-O.E.C.D. Benchmark definition "FDI reflects the objective of obtaining a lasting interest
by a resident entity in one economy (direct investor) in an entity resident in an economy other than that of the investor
direct investment enterprise. The lasting interest implies the existence of a long-term relationship between the direct
investor and the enterprise and a significant degree of influence on the management of the enterprise. Direct investment
involves both the initial transaction between the two entities and all subsequent capital transactions between them
and among affiliated enterprises, both incorporated and unincorporated." FDI is recorded in the Financial Account
of the Balance of Payments of a country.

%In theoretical economies, output is less correlated across countries than is consumption while the data show the
opposite.



production risks stemming from local market conditions, in a way that weakens the transmission of
shocks across countries but increases price dispersion, and therefore the volatility of the aggregate
price indexes.

The quantitative importance of FDI is evident from aggregate data on international commerce.
In 2005, global sales by MNF's reached USD 22 trillion, compared with world exports of USD 12
trillion (Table 1 for a historical comparison), while the world stock of inward FDI jumped from 6
to 23 percent of world G.D.P. between 1982 and 2005. The increase of foreign sales of MNFs is the
result of sizeable changes at the eztensive margin (number of firms selling through foreign affiliates)
and intensive margin (sales per firm), so sizeable indeed, that the value of foreign sales of MNF's in
the economy where production takes place is now much larger than the value of the goods exported
from one country to another (Figure 2). For example, Barba Navaretti et al. (2002) report that
sales of manufacturing products of US subsidiaries in Europe are approximately 3.8 times larger
than EU imports from the US and sales of EU subsidiaries in the US are 3.6 times larger than EU
exports to the US (Figure 1 and 2).

Economic theory has offered limited predictions as to how the dynamics of the economy at the
aggregate level affect the behavior of MNFs, or are influenced by the existence of FDI (Hanson and
Slaughter, 2004). However, an infant empirical research has started looking into the issue, using
primarily firm-level data. Buch and Lipponer (2005) measure the role of long-term fundamentals as
opposed to short-term business cycle developments in driving outward German investment and find
that the host countries’ business cycle dynamics have a statistically significant impact on MNF's
entry and sales. Desai and Foley (2006) show that the co-movement of value added, returns and
capital investment between US MNFs and their affiliates is higher than the comovement between
aggregate variables of the home and host countries. The Comment by Campa (2006), however,
highlights that it is difficult to interpret the sources and implications of these correlations without
having a model that is able to provide a theoretical framework of analysis and a quantitative
benchmark.

Hence, I adopt Campa’s (2006) suggestion and build my argument using a novel approach
to model firm dynamics proposed by Ghironi and Melitz (2005), and Bergin, Glick and Taylor
(2005), that introduce the type of heterogeneity originally analyzed in the trade literature in a
micro-founded DSGE approach to the open economy. International trade research has shown that

not all firms within an economy or an industry exports or engage in FDI, nor are internationally



engaged businesses a random subset of the population (Helpman, 2006 and references therein)?.
Rather, the relatively small subset of firms that become exporters or multinationals includes the
most productive firms of each sector*. Therefore, the argument presented in this paper rests on the
following two premises: (1) firms are heterogeneous within the same sector and (2) all goods are
tradable (but not necessarily traded) and can be produced by foreign affiliates. These assumptions
allow me to pin down endogenously the size and the composition of the population of exporters
and MNFs so that, in and out of equilibrium, firms that engage in FDI, exporters and local firms
can coexist within the same sector, but, over time, respond differently to changes in the domestic
and foreign business conditions.

Consistent with microeconomic evidence for flows across industrial countries (Swenson, 2005),
I treat FDI sales as a potential alternative to exports (thus, horizontal®), in a fashion similar to
Brainard (1997) and Helpman et. al. (2004), with the important distinctions that I model FDI in
general equilibrium. By adopting a general equilibrium approach, I can show that firms decisions
regarding entry, exit and pricing produce substantial dynamic effects on the labor markets of the
two countries that, in turn, feed back into the decisions of firms and consumers at subsequent points
in time.

I show that foreign demand, relative labor costs, productivity and policy variables are the main
factors that trigger FDI entry and expand foreign sales over the business cycle. The introduc-
tion of FDI under firm heterogeneity reduces the positive correlation between a country’s business
cycle and its imports (exports sales for foreign countries), creating a wedge that provides an ad-
ditional theoretical explanation to the evidence of a lack of increase in measures of international
co-movement observed after the late 1980s uncovered in Heathcote and Perri (2004) and Doyle and
Faust (2005). In this paper, this is consistent with the case in which a Home increase in demand
increases imports less than it increases domestic sales of foreign MNF's and induces entry of new

foreign MNFs at the extensive margin of FDI.

3U.S. Census Bureau data, for example, show that most (89 percent) exporting companies are small while a fistful
of large companies amounting to 3 percent of the business population, accounts for almost 73 percent of the exports
value.

*For UK firms, see Criscuolo and Martin (2005) and Head and Ries (2004) for Japanese firms. Helpman, Melitz and

Yeaple (2004) find that US MNF's outperform sole exporters by 15% in terms of labor productivity, while exporters
have a productivity advantage of 39% relative to domestically oriented producers.

®As opposed to vertical FDI. The distinction is based on the motive of affiliate operations. Horizontal MNCs
conduct FDI in order to improve access to host country markets, while vertical FDI is undertaken in order to benefit
from international factor price differences (see Hanson, Mataloni, and Slaughter, 2005). The bulk of FDI between
developed economies is horizontal.



As for relative prices, I show that the existence of FDI in a two country model adds a substantial
non-traded component to the output of the host economy, and because MNFs segment production
and price-discriminate across countries, the substitution of exports with non-traded overseas sales
magnifies the dispersion of prices, the volatility of price indexes and ultimately of the RER. My
findings echo the role that Alessandria (2005) attributes to consumer search frictions in breaking
the law of one price. Moreover, the analytical results of the model allow me to discuss how FDI
sales and entry can modify the predictions of the Harrod-Balassa-Samuelson effect® (HBS) and
help explain the weak empirical confirmation it has received (Sarno and Taylor, 2002). The partial
substitution of trade with FDI sales modifies the implications of the HBS effect to the extent
that MNFs turn some traded goods into de facto non-traded (local) goods. By doing so, they can
contribute to an increase of the average productivity of the non-traded sector and counter-balance
the HBS effect. From this perspective, my research relates to recent work by Bergin et al. (2006)
that shows how the HBS effect has emerged only in post-war data and re-inforced over the decades
of the second half of the 20th century, suggesting that far from being a universal constant it tends to
show time-varying features, linked to the endogenous tradability of goods and services. My results
also suggest a potential explanation for the difference in national price levels between countries
with a similar level of income (Broda, 2006) due to the different penetration of foreign firms and
the exposure to foreign competition.

Finally, as a corollary to these results, I demonstrate that in a world with heterogeneous MNF's
and endogenous entry, entrants sort over time according to own productivity, progressively reducing
the average productivity of the multinational sector. I argue that this implication of my model
might explain the conflicting evidence on the relationship between FDI and growth in aggregate
data.

Few papers have proposed models of FDI with firm heterogeneity, namely Russ (2006), Lubik
and Russ (2006), in general equilibrium, and Razin et al. (2005), in partial equlibrium, but none of
these authors needs to conjecture the co-existence of exporters and MNF's to answer their research
questions. The focus of the first two papers is the relationship between nominal exchange rates
and MNFs entry in general equilbrium. Russ (2006) uncovers the mechanism through which the

exchange rate and FDI sales are jointly determined in a monetary model of FDI with price rigidity,

5The theory originally formulated in the work of Harrod, Balassa, and Samuelson stating the "tendency for
countries with higher productivity in tradeables compared to non tradeables to have higher price levels" (Obstfeld
and Rogoff, 1996).



and shows that a MNF’s response to increases in exchange rate volatility is ambiguos and differs
depending on the source of the volatility. In a similar monetary model of FDI, Lubik and Russ
(2006) suggest that MNFs pricing can offer a partial explanation to the exchange rate disconnect
puzzle as it tends to make the nominal exchange rate more volatile than relative consumption.
In their paper, the nominal ER works as a clearing mechanism to balance the net repatriation of
profits across countries, although data show that these flows tend to be less important than trade
flows for most industrial countries (Hanson and Slaughter, 2004 and Table 2 in the appendix).
Finally, Razin et al. (2005) focus on FDI as international capital flows arising from cross-country
productivity differences in a partial equilibrium setting, and develop a model with lumpy setup
costs of new investment where an exogenous productivity shock in the host country affects both
FDI entry and sales. They use the model to estimate the determinants of FDI flows and demonstrate
that threshold barriers play an important role in determining the extent of horizontal FDI across
O.E.C.D. countries. However, none of these papers can discuss export dynamics and their effects
as they all assume that MNF's sales are the only way to serve foreign markets.

The paper is structured as follows. I illustrate the model in section 2 and a few selected
analytical results in section 3. I describe the impulse response graphs of the artificial economy in
section 4 and compare the second moments of the simulated model with US data and other relevant

papers in the literature in secton 5. Section 6 concludes.

2 The Model

I build a Dynamic Stochastic General Equilibrium flexible-price model representing a world com-
posed of two identical countries (Home and Foreign), each populated by homogeneous consumers
and a mass of potential entrepreneurs who write contracts in nominal terms. Labor mobility within
countries ensures domestic wage equalization across producers and international immobility of work-
ers allows wage differentials across countries. As for international financial integration, I assume
market incompleteness and I analyze the case of financial autarky as a special case of the the more
general specification of the model in which I allow international trade of Home and Foreign bonds
(BE and BF). This section describes the maximization problems of consumers and producers and

explains how their outcomes are embedded into the general equilibrium structure of the economies.



2.1 Consumption

Preferences are identical across countries and consumers solve both an intertemporal and an in-
tratemporal optimization problem.
INTERTEMPORAL PROBLEM. On date t, the Home representative consumer maximizes the

lifetime expected utility subject to the intertemporal budget constraint

o0
max E U,
{Ct, xt, Be}2, t;B ¢
~ H F NipH N2, 1 F\2 _
s:t. Gy + 0 (Npg + Npg) wea1 + Beiy + QieBiya + 5 (Bii1)” + 5@ (Bi1)" =

= wily + (U + 7t) Npgwy + (L+ ) B + (1 +7))Q:Bf + T

Utility takes a C.R.R.A. functional form U; = (1 — 7)71 C’t1 ~7 over aggregate consumption Cy; v > 0
is the parameter of relative risk aversion, the inverse of the inter-temporal elasticity of substitution
and 8 € (0,1) is the subjective discount factor. Agents can trade three types of assets: (1) the
shares (z¢41) of a mutual fund that owns a stock of Np; + Ng firms whose average price is v;
and yield profits 7; from the sale of Np; existing goods’; (2) domestic and (3) foreign risk-free
bonds (BEH and B,Erl) that yield interest rates r; and 7}, and bear a transaction cost (Btl_{l)2 n/2
and (Bt}jrl)2 1/2, eventually rebated to consumers in each country, for an amount equal to T;. The
nominal and Real Exchange Rate are denoted by e; and Q; = e P}/ AN P} and P; being the
Foreign and the Home consumption price indexes.

Hence, the sources of income for consumers include labor income w:L;, the risk-free bonds
bought in the previous period and the interest they carry [(1+7;)Bf and (1+7})B}], the proceeds
from the sale of the share in the mutual fund v;z; and the associated profit 72; they earn from the
producing firms N, D,tg. The assumptions of zero population growth and rigid labor supply imply
that employment is always equal to the fixed endowment of workers (Lt = l_}), so that the aggregate
labor income is entirely driven by the dynamic of wages.

In the case of financial autarky, B} = B,Erl =0, z; = x4+1 = 1, so that the Home budget

constraint reduces to C; + Bﬁl = m¢Npt +w Ly —0:Nps + (1 + r¢)Bf!, according to which the

"In monopolistic competition models and in this paper, firms produce an individual variety of a differentiated
good, so I shall use the words good, variety, product, firm, and plant as substitutes.

¥¢; is equal to units of Home currency necessary to buy one unit of Foreign Currency, while Q; indicates the units

of the Home consumption basket per unit of Foreign consumption basket.
9Notice that the budget constraint is expressed in real terms by dividing nominal variables through the aggregate
price index P; and defining real variables as follows 7, = II;/P; and v, = V;/P:, and wy = W,/ P;.



per-period consumption must be equal to labor income summed to the profits yielded by domestic
firms, minus the investment cost of financing new firms. Net of domestic bond trading, the equation
can be interpreted as describing the national accounts of an autarkic economy where spending
(consumption, Cy plus investment to finance new ventures, vy Ng ) must be equal to labor income
wiLy plus dividends m;Np¢. In this case, consumers can trade consumption intertemporally by
buying and selling domestic bonds and shares of the mutual fund, so that the solution of the

maximization problem yields two Euler equations for bond and for share holdings

5 (%) as w] -1 (1)

Ey

Ei

B(1 ) (%) (Bt Jm)] X (2)

Notice that the inter-temporal discount factor 5 is reduced by a component § that captures the
probability of firms’ death discussed in section 2.3. In the case of bond trading, there are two
equations for bond holdings, one for each bond, as discussed in the appendix.

INTRATEMPORAL PROBLEM. In each period consumption takes place over a continuum of
goods!'’ C; = <fw€Q Ct((,u)UTildt,u)ﬁ indexed by w € €2 to which is associated a standard C.E.S.
price aggregator P, = ( waQ pt(w)l_"dw)E where ¢ > 1 is the symmetric constant elasticity of
substitution across goods. As usual in the C.E.S. demand system, the demand for a single variety is
ct(w) = [pt(w)/P] 7 C; and the expenditure on an individual good is proportional to total expen-
diture. Analogous optimization problem, resource constraints, Euler equations, price aggregators

and demand system can be defined for the Foreign economy.

2.2 Production

On the production side, each variety is produced by a different entrepreneur under increasing
returns to scale with a fixed cost and constant but heterogeneous marginal cost of the single factor of
production, labor. Not only is the output of each manufacturer influenced by aggregate (or common

across firms) productivity Z;, but also by an idiosyncratic (relative) productivity parameter z that

Goods can be produced domestically or abroad, thus should be thought of as a continuum of goods available to

production in the whole world. In every period only a subset will be actually produced.



enters a generic cost function as follows!!:

|44 |44
tft+_tt

Liw) = Wili(z) = =% + ZLu(w) O

fixed cost  variable cost
Here, I;(2) = [ft/Z¢ + yt(w)/2Z;] is the total labor requirement needed to produce a quantity y;(w)
of output. Notice that Z; is common for all firms and changes over time, while z is firm specific and
time invariant. This cost function implies that productivity differences across products translate
into differences in the marginal cost of production. The latter is measured in units of consumption
good and equals wy /2 Z; where wy is the real wage W,/ P,. Firm level heterogeneity is a key ingredient
of this model as it plays a role in determining firm entry at the domestic level and the extent of

their global engagement as described in the next two sections.

2.3 Domestic Entry and Exit

Consider the Home country. In each period, a mass of potential entrants decides whether to enter
production. The timing of entry is depicted in Figure 3.

Before entering production of a specific variety, each entrepreneur faces a sunk entry cost of
fr+ effective labor units equal to Wi fg./Z; units of the home consumption good. Upon entry,
he draws the idiosyncratic relative productivity level z from a time-invariant distribution G(z),
common across firms and identical across countries. Each of the Ng; new entrants in t, becomes
one of the Np 11 producers only in t+1 (), with a one period time-to-build. The manufacturer
of each variety maintains its relative productivity until it exits the market, namely until it is hit
by a "death" shock, an event that occurs with probability ¢ in every period, including the very
first t when the entrepreneur draws the productivity parameter. Thus, the exit of firms/varieties
is independent of the productivity level. Thus, in each period, the number of producers is equal
to the number of survivors from the pool of firms existing in the previous period, i.e. established

producers and new entrants:
Npt=(1-0)(Npt—1+ Ngs—1) (4)

I assume that entrepreneurs are forward looking and have perfect information on the structure

of the economy; under this assumption expected profits are exactly the realized average profit,

"1See Appendix.



Ei[ns(z)] = ms(z), s > t. Potential entrants evaluate their expected post-entry value with the
present discounted value of the expected stream of future profits {7 }oc, 41
~ = st (Cras\ | =
w=ny - (G5) 6
s=t+1
equal to the average value after entry and production'?. The Free Entry Condition requires that

the firm value is equalized with the entry cost

- w
Uy = % (6)

[Figure 3]
In every period, a group of domestic producers (indexed by D) produces and sells domestically,
each determining the optimal price pp +(w) for the variety w by maximizing the profit function

maz Ilp 4 where pt =pp(w)ys(w) — L yr(w)
pD,t(w) th

that has solution pp +(w) = pWi/2Z; where p = o /o —1 is the mark-up over marginal cost. Notice
that firms with higher marginal cost 1/27; charge lower prices and one can easily show that higher

productivity also implies larger sales, revenues and profit, a result due to Melitz (2003).

2.4 Global engagement

In any t, each Home producer sells in the domestic market and possibly expands to the foreign mar-
ket, choosing between two alternative business strategies: exports (a strategy indexed by X) or sales
through foreign affiliates (a strategy indexed by I)'3. Hence, exporters produce only domestically
but sell both domestically and in the foreign country while MNF's establish a foreign production
unit to produce and sell in the foreign market in addition to produce and sell domestically'*. Each
of these strategies implies a different structure of costs.

In order to be able to export, firms have to pay a fixed cost of exporting in every period, equal

to Wi fx +/Z: units of the Home consumption good, and face variable costs in the form of an iceberg

2Notice that agents use the stochastic discount factor modified to take into account the prob-
ability of firms’ exit, that affect expected future profits, in a fashion similar to a model in which

consumers have finite lifetime and an exogenously given probability of death.
13 T use the same structure as Helpman, Melitz and Yeaple (2004). A more complex set-up is Grossman, Helpman,

and Szeidl (2004), who examine integration strategies of MNFs allowed to chooce among a larger set of choices to

internationally organize their vertically fragmented production.
1T assume that goods produced abroad by I companies cannot be re-exported to the Home country.

10



trade cost 74 > 1. In order to establish a multinational network, manufacturers have to hire foreign
labor (paid at a foreign wage rate). FDI entails a higher fixed cost of fr; labor units in every period,
equal to W/ fT, /Z; units of the Foreign consumption good, but allows firms to save in trade costs.
Notice that the decision to become exporters or open overseas affiliates is taken in any period, as
fx+ and fr; are per-period fixed costs, while the decision to enter is taken only once, as fg; is a
once-and-for-all sunk cost.

As for foreign sales, Home firms set the optimal price in the currency of destination of the good

by solving the following maximization problems that differ depending on the business strategy:

W
ma(x) Iy, where Ox: = [epxi(w)] ye(w) — Tt—gtzyt(w) — —thtXt
bx t(w
o _wy B Wt*f;,t (7)
maz I, where 7 = e |pr(w)y(w) —Zt*zyt(w) 7

prt(w)
For exporters, prices denominated in foreign currency are converted using the nominal exchange
rate e;. The labor hired in the Home country for export production is paid a nominal effective
wage rate W;/Z;. FDI companies determine the optimal price in the foreign currency, hire workers
and pay salaries at the Foreign nominal effective wage rate W;*/Z;, and maximize operating profits
converting both revenues and costs in domestic currency at the nominal exchange rate e;.

Optimal prices for each strategy are!®

_ _ Wy

Hence, while Home customers are always charged a price pp(w), foreign customers are charged
either px ;(w) or pr¢(w) depending on the choice between becoming an exporter or setting up a
foreign production plant for the variety. There are several differences in the optimal price charged
by exporters and FDI firms. Exporters incur the iceberg cost that increases their marginal cost,
incorporate the exchange rate, and price at a mark-up over domestic effective wages. FDI firms set
prices independently of the exchange rate, and price at a mark-up over foreign effective wages.
The coexistence of heterogeneous marginal costs and sunk costs of exporting or engaging in
FDI is key to predicting self-selection of the most productive firms into different business strategies
(Exports vs. FDI trade-off). Since higher productivity implies higher operating profits, at any
point in time only the most productive firms can amortize the fixed costs and make non-negative

total profits, a point that can be understood easily graphically. Consider Figure 3 where I have

15See Appendix.

11



drawn profits for each segment of business as a function of idiosyncratic productivity levels (top
graph) and the partition of the productivity distribution according to firms’ business strategies
based on own productivity (bottom graph of figure 3).

The bottom graph in Figure 4 is derived by identifying the cut-off points in the top graph. Take
the mp(z) curve on the latter (subscript omitted): for low levels of productivity, firms cannot break
even and make the non-negative profits necessary to compensate the fixed cost of entry measured in
units of effective labor cost. (Qw;fg+/Z with © = [1 — B(1 — )] /B(1 —6), is the annualized value
of the fixed cost of entry. However, any firm with z > z,,;, at time t is a profitable business entity
as far as production for the domestic market is concerned. Firms with a very high productivity
2z > zr4 earn profits high enough to allow them to compensate the fixed cost of investing abroad
through FDI (wf f;t /Z¥). Firms for which idiosyncratic productivity is zx ¢ < z < zr4 earn profits
that are high enough only to cover the fixed cost of exporting (w: fx,/Z;) but not large enough to
cover wy f,/Z; and produce overseas. Given the level of trade costs 74 (that reduces the slope of
the profit curve of exporters) and the fixed cost fx , this intermediate range of firms finds exporting
more profitable than investing abroad. The bottom graph shows how cut-off points determine the
partition of producers into firms that sell only domestically (only D), firms that export (X) and
firms that engage in FDI (I) at any point in time. When cut-off point move as a response to
business conditions or policy changes (such as reduction of fixed or trade costs), the share of firms
engaged in each mode of business changes accordingly at the extensive margin and each individual
firmsexperiences changes in its per unit sales at the intensive margin. Notice that underlying the
structure of the international production I assume an implicit ranking of productivity, by which
firms that engage in FDI are more productive than exporters and exporters are in turn more
productive than companies that sell only domestically in a fashion similar to Helpman, Melitz and
Yeaple (2004). This assumption is easily justified considering that the superior productivity of
MNFs at the basis of most theories of FDI has found strong support in studies based on firm-level
data, such as Criscuolo and Martin (2005).

To summarize, at any point in time the there are three groups of Home firms: Np; Home firms
produce and sell in the Home market, Nx ; of these firms produce at Home and sell in Foreign and
Np 4 of the Home firms produce and sell in the Foreign country. As the composition of expenditure
in each country, it is useful to define Sp; = ]6})_;’ Npi, Sxi = ﬁ}l’t_”]\f;w and S;; = ﬁ}}t_”]\f}:t

as the share of Home expenditure in domestic goods, on imported goods, and on goods produced

12



in Home by Foreign MNFs (S’Bt, Skt and ST, are defined analogously). To be consistent with
the data, my model will be calibrated with the empiral observation that the largest share of the
expenditure of Foreign (SB’t) is allocated to NBt producers, and smaller shares go to imports
provided by Ny ; Home exporters (S}}’t) and to the sales of Nj; Foreign affiliates of Home MNF's
(S;t). Symmetric definitions apply to the partition of firms and the composition of expenditure in

the Foreign economy.

2.5 Total profits

To see how profits feed back into the budget constraint defined earlier, notice that the price for
each variety w and optimal profits, relative to the price index of the market of destination can be

expressed as follows:

p (w) _ pD,t(w) —_ 1Y w p (w) — pX,t ((.U) — M iw (9)
D) =" p, 2z, X Py 27, Q!
pralw) = PLEW) _ B (10)
) Py 277

Associated with these optimal prices I can define optimal profits for each segment, relative to the

price index of the market of location of the mother company, as

]- —0 Q —0 * w fX7
Toe (@) = ~p 7 (@)C mx(w) = k7 ()G - == (11)
_ % Quwy fT
rra(w) = gk ) o - (12)
g t

where @y = e, P}/ P; is the RER. Combined profits from the two markets, imply that average profit

of Home firms are
00 21 00
%= / Tpo(2)dG(2) + / xo(2)dG () + / 714(2)dG(z)
Zmin zx 2

This break-down mirrors the fact that out of a total mass of firms Np; producing domestically in
every period in each country, there are a total of Nx; = [G(21+) — G(2x,)] Np+ exporters and of
Nrt = [1 = G(2x4)] Np, firms engaging in FDI, where G(z) is a distribution with support [zmin
00).

Productivity averages are defined as in Melitz (2003) but I consider separately the average idio-

syncratic productivity of firms who produce and sell in Home (Zp ), of those that sell domestically

and export (Zx ) , of those that sell domestically and engage in FDI (27 ), and of local firms (Zpo +)
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N ° T 1 e 7
Zpt = [/ z 1dG(z)] . Zxt = [G(zl e / z 1dG(z)] (13)
Z, s s ZX,t

min,t

1 1

v 1 > o—1 o = — 1 ot o—1 o1
e = [1_G<m> / dG(z)] Pot= [G<zx,t>—a<zmm> /m : dG(Z)]
(14)

The weights of the averages are proportional to relative firm output shares, and summarize all the
relevant information on the productivity distribution, as shown in Melitz (2003)'. By defining
ot =7pyt(2D4), Txt = Txt (Zxt), and 7Ty = 71 (Z1,4), the total profits earned by the average
firm in home can be written as 7 = Tp; + Tx ¢ [G(21,:) — G(2x4)] + 7 [ — G(214))-

Following the trade literature, I assume that relative productivity parameter z is drawn from a
Pareto distribution'” with lower bound zyin and shape parameter k greater than o — 1. Therefore,
the p.d.f and c.d.f. of z are g(z) = kzF. /25! and G(2) = 1 — (2min/2)", k > 0 —1. Under Pareto

productivity, the geometric averages defined above become (see Appendix):

1
o—1_k k o—17 5=1
~ 1 ~ L[ Rxt ALt T RX Rt
Zpy =V lzmn  Zxy= Vol — (15)
ATt T AX 4t
Trp= VT ith v i (16)
Zp=Veoizy  withV=_—7"+
’ ’ k—(oc—1)

To determine the extensive margin of export, I identify the marginal firm whose productivity level is
such that her operating profits are equal to the fixed cost of exporting. I define such a productivity

level zx; as the cut-off for the exports segment:

1
-1 K
Txi(2xt) =0 = 2x = <fX’tO> ( Wt ) LTy with pu = (17)

Cf Q1 2y o—

Analogously, for the FDI segment, I can identify the firm that has productivity zj;, i.e. the firm

for which operating profits are equal to the fixed cost of FDI entry and I define such productivity

level as the cut-off for the FDI segment:

1

o'f;‘t o—1 w;fk M

Tri(21) =0 <= 214 = ( = > <—*> v (18)
Ct Zt

16 The s are weighted averages of the productivity levels and are independent of the number of firms while the

weights reflect the relativive output shares of firms with different productivity levels.
1"The Pareto distribution of the productivity parameter implies that the distribution of sales is also a Pareto.
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Notice that in this case the sunk cost is paid at the Foreign effective wage rate W*/P*. Using
the cut-off point (zx; and z7;), I can obtain closed form solutions for the average productivity of
exported production and FDI sales (Zx and z7;) and the average profits from exports!®

145 L2

o, _1—0 rx 1-o
_ Xt = <T0Lt i th) wy - wi f4
TXt = - — — [x¢ A = (V-1 —=
-0 o 1—cpx \1-0
Xt = <T0Lt Tt fI,t)

with the terms of labor, TOL; = (eﬂ?—?) / <Zt>’ equal to the relative effective labor cost!?.

3 Analytical Results

3.1 Determinants of foreign sales

In order to discuss the determinants of revenues, costs and profits from foreign activities I define
the extensive margin, the composition margin and the scale margin, in a fashion similar to Yeaple
(2006)’s analysis of the static partial equilibrium model of Helpman et al. (2004). The extensive
margin of exports and FDI sales is defined by the number of exporters and MNFs as a share of
the Home producers. The composition margin is defined by the average productivity component
of sales, while the scale margin captures country size and factor prices. The interaction between
composition and scale margin determines what is commonly known in the literature as intensive
margin, the average size of a foreign affiliate’s sales. In general equilibrium, only purely exogenous
variables (sunk and fixed costs, trade costs, aggregate productivity) have a clearly identifiable im-
pact on endogenous variables, as reported in the following tables of synthesis. Hence, the equations
describing foreign affiliates’ sales and exports should be read as an abstraction from the general
equilibrium structure of the model. Consider the value of the Foreign sales of Home MNFs’ af-

filiates expressed in units of the Home consumption good, F'DIsales; = N, Ltﬁ};UC’;‘ Q:. Using
1

1 o—1
average relative productivity zy; = Vo1 <U fid/ Cf) 7 (wi/ZH)" p and the relative number of

firms Ny = (zmin/ZLt)k V% Np, as derived in the Appendix I have that

'8See Appendix. Correspondingly, the Foreign country host firms are characterized by N}, ,, N% ¢, Ni,, 77,

* * * * * ~% ~% ~% d ~x% ’ ’ )
Tx,ty Tty 2Dty ZX,ty ZI,ty 2Dty ZX,ty ZI,ty ald Vg .

Y7TOL, < 1 means that Home effective labor is relative cheaper than Foreign.
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* l1-0o
FDI sales; Nry X Z}';l X (wt ,u) CiQ

A
~~~ ~~ ~~~
extensive composition scale
margin margin margin

The following relationships between the key exogenous variables in columns and the three

margins defined above can be derived from the model:

MNF sales Margins | | 7¢ f}‘,t Z | Z*
Extensive + | - - |+
Composition -+ |+ -
Scale - |+

The model predicts that when the number of affiliates increases, the average productivity across
Ny decreases because new entrants have productivity below the pre-entry cut-off point z7 ;. Hence,
the extensive margin (number of MNFSs) is negatively correlated with the composition margin
(average productivity of MNFs), a result for which Yeaple (2006) finds evidence based on US micro
data, and that will be a feature of my dynamic analysis.

As for exports, using average relative productivity zx; and the relative number of exporters

Nx/Nrs = <Z]7t/ZX7t)k — 1, the value of Home Exports X; = Qtijtﬁﬁ(ffC;" can be decomposed

as
l—o o—1 w. 1= *
- S0 — t g
Xe  Nxumy X Xt X (ZM) Cr Q7
~— ~— ~—
extensive composition scale
margin margin margin

The model predicts that when the number of exporters increases, the average productivity
across Nx ; can increase or decrease depending on whether the increase in the number of exporters
is due to exit from multinational activity or entry of new exporters. In this case, the former MNF's
that return to exports have higher productivity than the average exporter, but new exporters have

lower. Hence, the extensive margin (number of exporters) can be positively or negatively correlated
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with the composition margin (average productivity of exporters). The relationship between the

various exogenous variables and the three margins of exports are as follows.

Export Margins | | 7¢ | fxqz | f1, | Z | Z°

Extensive - - + |+ | -
Composition + | + + | - | +
Scale + | -

3.2 Price Indexes and Real Exchange Rate

Following a line of reasoning similar to the one that I used for average productivity, I can define
average prices for different market segments: pp: = pp+(2p), Dx+ = px.+(2x) and pry = pr(Zr)

and re-write the price indexes as

1 1
P = (ND,@H; + N bie 7+ N}:tﬁ?};0> o pPr = (NB,tﬁBl;U + Nxpxs 7+ NLtﬁ};U) o

Thus, in each country the domestic price index reflects the numbers of varieties and the average
prices for domestic goods sold domestically by domestic producers, for goods produced abroad by
foreign producers and goods produced domestically by foreign firms through FDI, both of them
sold in the domestic market. By dividing through the price indexes (P, and P}, respectively), and
recalling that Sp = ﬁ};"ND, Sx =p% N and Sy = ﬁjlfUN}" as the steady state spending on
domestic goods, on goods imported from abroad, and on goods produced domestically by MNFs, 1
re-write each price index in terms of expenditure shares 1 = Sp+Sx +Srand 1 = S}, +5% +57. In
other words, I can think of the amount of goods produced domestically as a combination of goods
produced by relatively inefficient domestic producers and relatively efficient foreign investors, where
the productivity level of each category is reflected explicitly in lower and higher price indexes for
the subset of goods, and (implicitly) in their number and size.

The welfare based price indexes (P; and P;") can be used to define the welfare-based RER @
and its CPI-based transformation ¢; that discounts the variety effect and is conceptually closer to
the way official statistics report the RER (see Appendix).

The welfare-based RER defined as Q; = e; P}/ P, is equal to:

* ZDt l-0o Te3D 4 1-0 . 1—o
Np, (TOLZE) " 4+ Nxa (H22) 7 + Ny (TOL )
l1-0o _ D7t ZD,t ) ZX s T (19)
b N —a
Np,: + N%, (TOLt%i»t> Ny, (zp,t)

K
21t
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If home effective labor appreciates (% 1) then the terms of labor decrease (TTOL; | ), and the
Home economy as a whole becomes a less attractive location. The way one should think about the
terms of labor is that if TOL; > 1 a firm with a given level of idiosyncratic productivity z can
produce at lower cost in the Home country than in the Foreign. The RER ¢; constructed using the

CPI index (see Appendix) is log-linearized as
~ — o~ = o oK, =
qr = (QSD[ — 1) TOL; + Sy (Zl,t — Z],t> + (1 — SD]) [(Tt - Tt) + (ZXt — ZX’tﬂ
1 Np o o oo
(s (850~ ) - (- )
a—1{< D ND+Nx+N1> D 2 D= A ) |

(s s ) [T ) - (- 73]

where variables with a hat represent percentage deviations from the steady state and Spr = Sp+.57

is the steady state spending in goods produced domestically by Home firms and in goods produced
in Home by MNFs

Over time the RER evolves as a function of all the terms above that I discuss in blocks in the
following paragraphs, focusing on the case of a decrease in Home effective wage (| W;/Z;).

CHANGES IN THE RELATIVE COST OF LABOR (CLASSICAL HBS EFFECT). (25pr — 1)T/O\Lt. If
Home effective labor is less expensive (lower Wy /Z;, Y{O\Lt > (), then the Home currency depreciates
because the price of non-traded goods in the home market becomes relatively lower. This is the
channel of RER depreciation in the classical HBS effect due to the existence of a non-traded sector
as higlightened, for example, in Obstfeld and Rogoff (1996). Notice that such an effect would be
produced in a model without endogenous tradeability or FDI, but here it can be magnified by the
presence of FDI if Spr > Sp.

ENDOGENOUS MNFS ENTRY S} (215 — /Z\Lt> . Absent changes in TOL;, entry of new foreign
firms into the Home market (endogenous entry) due to lower FDI cut-off points, can reduce the
average productivity of foreign FDI firms located in Home, and increase the domestic price index as
the entrants charge higher prices. Thus, the home price index increases and the RER appreciates

(q¢ 1)

CHANGES IN THE RELATIVE PRICES OF TRADED GOODS:

e EXOGENOUS TRADE POLICY CHANGES (1 — Spr) [(Tt — 77)] . The effect of a change in inter-
national trade policy or costs can be observed in the second term (7; — 7;), capturing relative

variations of domestic to foreign trade costs for exporters. For example, if Home exporters
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face a reduction of trade costs (7; < 0, due to a reduction of tariffs applied by the Foreign
customs), then more Home exporters can profitably access the Foreign market with the effect
of increasing the average price of Foreign imports (because new exporters are less productive
than existing) and this pushes up the Foreign price index and causes a depreciation of the
Home currency. Notice the change in trade costs is a truly exogenous phenomenon as it does

not hinge on movements of relative effective labor costs, or cut-off points.

ENDOGENOUS TRADABILITY (1 — Spr) [(/Z\;t —?X’tﬂ . Changes in the composition of the
traded sector in both countries affect the RER when the composition of the traded sector
can change as a response to changes in the business conditions (productivity, cut-off points,
trade costs the RER) depending on the productivity cut-off levels of Home exporters and
Foreign MNF's entry. Fore example, if the Home economy is hit by a positive productivity
shock (lower W;/Z;, TOL, > 0), new Home firms decide to start exporting, because the
export cut-off lowers at the same time of a reduction of variable costs. Then import prices
in the Foreign economy rise as lower productivity firms enter the exports market at Home
(§X,t < 0), and this makes the RER depreciate, as in the case of 7; < 0. These effects
reinforce the RER depreciation, but less than they would in the case with no FDI (S; = 0).
As can be observed in the bottom graph in Figure 4, an asymmetric technological shock that
induces Home firms to start exporting also attracts Foreign MNF's into the Home market
at the extensive margin of Foreign FDI. Because some foreign producers substitute Foreign
exports with sales of Foreign MNFs’ affiliates in Home, this decreases the average productivity
of exporters abroad (§X,t < 0), counterbalancing the depreciation of the RER, through a
price effect (average prices of Foreign exporters are now higher). Therefore, the net effect of
endogenous tradability on the RER depends on the relative importance of these changes in

the composition of the export sectors in the two countries.

1 N, 5 - 5 -
EXPENDITURE SWITCHING —=5 (SD — NDTE)’(JFNI) [(N]‘f-)yt — NXJg) — (Nat — N)*Qt)] The

factor Sp— J\,D—Jr]]\fv’m is negative, as it reflects the difference between the market expenditure

share of Home firms and the relative share of these firms/products in the totala expenditure as the

relative number of D firms is high compared the share of expenditure they capture (numerous small

firms with relatively small sales per-capita ). It is an implicit indicator of the average productivity

difference between domestic and foreign producers, and it is negative under the assumptions on
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the productivity distribution and the fixed entry costs that I have made in this paper. When the
number of domestic firms Np ; increases slower than the number of Foreign exporters to the Home
market Ny, then the aggregate price of consumption at Home decreases and the RER depreciates.

MODE OF ENTRY SWITCHING + (SI — m> |:<]/\\f]7t — Nx,t> — (]V}ﬁt — ﬁ}’tﬂ . The fac-
tor S7— m is positive here, because the number of MNF's out of the total number of firms
selling in the domestic economy is smaller than their market share, due to their relatively higher
productivity that maps onto lower prices and larger per-capita sales. For lower W;/Z; MNFs entry
into home increases, because of lower effective labor cost, the number of Home exporters increase
and importers decrease. At the same time, Home affiliates of Foreign MNF's increase and overseas
branches of Home MNF's decrease, so that the net effect depends on whether N Lt"‘ﬁ)*(,t N Xt N I*,t
is positive or negative. If the sum of these log deviations is positive, then ¢; increases and the Home
RER depreciates.

Therefore, the terms that I have labeled as endogenous tradeability, expenditure switching and
mode of entry switching can have positive or negative impacts on the RER depending on the rela-
tive shares of D, X and I firms in the population of firms selling in each country (extensive margin)
and the of average productivity and prices they charge (composition margin) on the aggregate
price indexes. This is a theoretical result that would suggest the possibility of an anti-HBS effect,
if the sum of the ambiguous contributions to the appreciation or depreciation of the RER exchange
rage managed to counterbalance the effect of the non-ambiguous effect of relative labor costs and
endogenous MNFs entry. In the simulations I have carried out, the existence of MNFs reinforces
the HBS effect, because of its substantial impact on the terms of labor, that dominates the determi-
nation of the RER in a traditional fashion. However, the analytical result suggests that empirical
work trying to measure the HBS without controlling for the presence and entry of MNFs , might

lead to biased inference.

3.3 Current Account and Terms of Trade

CURRENT ACCOUNT. From a national accounts perspective the Current Account can be decom-

posed in three broad aggregates: Net Exports (N X;), Net Income Receipts, and Unilateral Trans-

fers®®.  Under the assumption of Financial Autarky and null unilateral transfers, the Current

20 According to the Balance of Payment manual of the IMF Net Income Receipts include interest income,

distributed dividends and FDI earnings. Accordingly, there is an entry in the Current Account and an
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Account corresponds to the sum of the Trade Balance and the net repatriation of profits from FDI
operations, usually not featured in standard open macro models. Given the share of Foreign ex-
penditure on the Home exports goods N X’tﬁXJl*" and the share of Home expenditure on Foreign

goods N}'}’{p’}tlfa, the balanced Current Account measured in home currency can be written as
CA; = QtNX,t(fﬁxt)ligC: - N)*(,t(fﬁ;(,t)liact + Nl%l,t - QtNI*%?t + QtR:BtF - RtBtH

where the first two terms are the Trade Balance (Exports minus Imports), and the remaining terms
are the Net Income Receipts (Net repatriation of MNFs profits and Net Interest Payment). Hence,
in general equilibrium, the RER can be seen as adjusting the Current Account as follows:

;{t~i§(t 7°Cy — N[%]t—i-RtB

Q=
Nxik [ Cf — Ny, + RiBF

To have an idea of the relative magnitude of these quantities in the US Current Account for 2005
consider that the difference between Exports and Imports (USD 1,275 billion and USD 1.991 billion)
generated a negative Trade Balance for 716 billion dollars, while the Net Repatriation of Profits
was positive and equal to USD 134 billion, as receipts were USD 251 and payments were USD 117.
Finally, receipts and payments on public and private bonds, where approximately USD 340 billion
and USD 219 billion. See Table A3 in the Appendix for details.

TERMS OF TRADE (TOT). The terms of trade for a given country is the ratio of the price
index for exported goods (px+) to the price index for imported goods (ﬁ}t) As export prices
arise endogenously, the terms of trade of the Home economy are also endogenously determined and

can be expressed as

etpx, i 1
. e
L oor TOTt:—’t—t

TOT, = =
TP Zximf TOL,

(20)

where average Home exports prices are compared to average Home imports prices in units of the
Home currency?'. One can think of these import and export price indices as trade-weighted indices
of the prices of goods actually traded with that country’s trading partners. Higher TOT + implies
an improvement of home’s average terms of trade, i.e. the price of exports increases relative to
the price of imports. This can happen in the cases of a decrease of Home labor cost relative

to Foreign (TOL; > 0), an increase of trade costs faced by Home exporters, or a decrease of

offsetting entry in the Financial Account. Unilateral Transfers include net compensation of employees.
*'Also, TOTy = Qupx +/Px ¢ Notice that the price of imports needs to be defined in term of the

Home currency, so that at the denominator we have p% ,/et, and not p% ,.
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domestic productivity the last two events implying changes at the composition margin, with the
new exporters being relatively less productive and thus charging relative higher prices.

NON-TRADED/TRADED PRICE RATIO (NTT). The Non-Traded to Traded Price ratio is the
ratio of the average price of goods that are not traded in the Home economy - all varieties produced
and sold domestically Np; and the Home production of Foreign Varieties controlled by Foreign
Multinationals - over the average exports price cleared of trade costs and expressed in units of the
Home consumption good:

N Np ~ N}kt ~ Qi ~
NTT; = | —————— 4+ — —
t (ND,t T N;:t PDt Npi+ N}k,t Prt /Tt PXt

AVERAGE PRODUCTIVITY OF HOME PRODUCERS. I define the average productivity in the Home
economy as the weighted average of the productivity of domestic firms and Foreign MNFs in the

Home economy.

5 Np

7, = Nx
Npi+ Nx i+ N;,t

Npi+ Nx i+ N}it

.
Npy+ Nxi+ Ny,

~ ~%
ZD,tZt + Z[,tZt

IxiZ

The average productivity of Home firms zp; is conditioned by the way the parameters of the
Pareto distribution interact with the aggregate variables. Entry of MNFs increases the weight
N}:t / (N Dt + N}:t) but also lowers the average productivity of Foreign affiliates located in Home,
hence the joint influence of these two effects determines the impact of MNF's entry on average Home
productivity. Hence, on top of the volume and value effects on exports and FDI sales, the compo-
sition of exporters and FDI firms plays a key role in affecting the dynamics of productivity growth
in the destination country. Therefore, in a DSGE framework technology transfer within multina-
tional networks becomes a potential channel of cross-country correlation of productivity changes.
Because only firms that own superior technology engage in FDI, entry into the host economy is
accompanied by a transfer of technology which alters the average productivity of the host economy,
through changes at the extensive and the intensive margin of the FDI sector. At the intensive
margin, when overseas branches increase production and sales, the average productivity of the host
country increases because MNFs’ affiliates have higher productivity than local competitors. At the
extensive margin, however, the marginal impact of the new FDI entrants reduces the contribution
of FDI to the growth rate of productivity of the host country because the late entrants have lower

productivity compared to the existing foreign owned plants®?. If entry barriers are lowered, then

*2Yeaple (2006) for microeconomic evidence.
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even quite inefficient foreign companies can enter production, an event that can even lower Home
productivity, compared to the situation in which very few extremely efficient MNF's operate in the
country. This constitutes a potential explanation for the conflicting cross-country evidence on the
contribution of MNFs to the growth of their host economies (see Carkovic and Levine, 2005 on this

point).

4 System dynamics

4.1 Calibration

I adopt standard parameter choices in line with the literature. The parameter of relative risk
aversion () is 2, while the discount factor [ is set at 0.99 in order to interpret periods as quarters.
I assume the location parameter of the Pareto distribution (z,,) to be 1, as well as the endowment
of workers, without loss of generalization.

Because the scale factor V = k/[k — (0 — 1)] has to be positive, I assume k 4+ 1 > o. Notice
that in a Pareto distribution, the shape parameter (k) determines the slope of the p.d.f. that
in this context mirrors the dispersion of the idiosyncratic productivity. Hence, by assuming that
k+1 > o, I implicitly posit a positive relationship between k and the elasticity of substitution (o)
across varieties. With ¢ = 3.8, I obtain a constant (average) mark-up over marginal cost of 35.7
percent which is high for a standard monopolistic competition structure but not as high once one
considers the existence of fixed costs to production. These costs, along with the trade cost 7, are
set in order to replicate stylized facts for the US economy namely the ratio of exporters and FDI
firms to producers.

The steady state levels of the variables are listed in Table 3. The ratio of new to existing
varieties %—]’i is calibrated using a death shock parameter § = 0.025, and is smaller than the ratio of
job destruction for U.S. (10 percent), which is computed based on possibly multiproduct firms. The
share of domestic and FDI producers over the total number of firms depends on the fixed cost of
FDI (fr) that I assume to be about 28 percent of the annualized fixed cost of entering production
of a new variety ©fr = 0.036, the per year fixed cost to export fx = 0.0045 is approximately
10% of © fg. Even experimenting with different levels of fixed costs, the model is quite robust to
changes in these parameters, except for the fact that the linear rational expectations solution is

indeterminate for very low and very large fixed cost.
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In steady state, the relative number of firms is as reported in Table 3. Therefore, Home sales
of goods produced by domestic firms and foreign MNFs reach 66 percent of total varieties, while
imported varieties account for 34 percent of the total number. Imports take up about 13 percent
of total expenditure with the remaining 55 percent going to domestic producers and 32 percent
going to Foreign MNFs located in the Home country. In order to compare the model with US data,
consider that about 20 percent of US plants export, a lower bound considering that some of these
plants are multiproduct.

The ranking of productivity averages depends on the cut-off points. The average firm in each
economy has productivity 86 percent higher than the most inefficient non-exiter, but the average
local firm (selling only domestically), is only 18 percent more efficient than the firm with z,,;,. The
average exporter is about 40 percent more productive then the average local firm. As for FDI firms,
the cut-off z; makes the least productive MNF approximately 10 percent more productive than the
average exporter in the economy, a figure that is in line with Helpman et al. (2004). Because there
is a negative relationship between idiosyncratic prices and productivity, the average price rankings
are exactly reversed, with relatively inefficient local producers charging relatively higher prices.

As for aggregate variables, consumption takes up approximately 90 percent of G.D.P. while
investment to finance entry of new firms absorbs approximately 10 percent of the aggregate output
(compared to 15-20 percent in O.E.C.D. data).

Finally, the share of expenditure of FDI firms (S7) is higher than the relative number of

FDI firms N;/Np, because MNFs have larger per-capita sales than local producers or importers.

4.2 Impulse Responses

Figures 7-11 focus on the case of financial autarky and represent the dynamic responses of the main
variables of the economy to a one percent temporary cross-sectional productivity (Z) shock in the
Home economy, and a negative one percent reduction of the fixed costs of entry fgr , of exporting
fx, and of producing overseas fr, . All shocks are common across firms and all variables referring
to profits, prices and idiosyncratic productivity should be read as averages (with tilde).

A TEMPORARY AGGREGATE PRODUCTIVITY INCREASE IN HOME (FIGURE 5). On impact,
Zy increases by one percent, the shock disappearing after approximately 10 years with half-life of
1.5 years. As an immediate consequence, firms observe higher Home labor productivity and start

entering different segments of business as follows. First, the number of new domestic producers
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(Ng) jumps both because the increase of productivity reduces the fixed cost of entry (measured
in units of domestic effective labor), and because the increase in present and future expenditure
inflates the present discounted value of expected profits. Hence, the number of producers (Np)
begins to increase over time. Second, Foreign MNF's face a lower entry cost measured in units of
Home effective labor (w;fr:/Z;) and a larger demand/expenditure due to the increase of income
(y:) and consumption (Cy) following the productivity shock. Therefore, the number of foreign
controlled firms (N}) in Home jumps on impact. Third, because Home exporters (Nx) pay fixed
costs in units of Home effective labor (w;fx+/Z;) in order to be able to export to Foreign, their
number jumps on impact. Fourth, Foreign exporters (N¥) now face higher Home expenditure, that
expands their exports both at the extensive and the intensive margin.

Because each of these segments of business puts pressure on labor demand (remember that
labor is used both for entry and production), excess labor demand triggers a wage spike in home
and a more moderate wage increase in Foreign, whose overall effect is to worsen the terms of labor
(TOLy = e,WZy JZFWy). The increase of the foreign wages reduces profit opportunities for home
MNFs (N7) that in turn cause exit at the extensive margin of Home FDI.

The average idiosyncratic productivity of different segments of business move in opposite di-
rections, as improved aggregate productivity increases the profit opportunities for firms that were
staying out, under the previous productivity level. However, despite the fact that the cut-off levels
Zmin, 2X, 2y, and 2:"‘y fall, average idiosyncratic productivity of Home and Foreign exporters (Zx
and z%) can fall or rise depending on the parametrization of the model.

Looking at aggregate variables, the productivity shock causes a growth of Home consumption
and income that increases imports (M). In Foreign, consumption first drops because part of the
output is used to finance entry of Foreign Exporters but immediately turns positive as export
growth pushes income up and profits from foreign operations increase. Foreign Exports to Home
increase (M) more than imports (X) so the trade balance (T'B) turns positive (negative for Home).
The RER @, - based on the welfare base price indexes (P; and P;") and ¢; - based on the CPI
(15,5 and Ist*) move together, mostly driven by the entry of new producers. New domestic and FDI
firms are relatively less efficient than existing firms, and accordingly charge relatively higher prices.
Hence, the price index in Home jumps triggering a reduction of both ¢; and @, i.e. an appreciation
for Home. The average terms of trade (T'OT}) respond to the entry of relatively inefficient Home

producers and increase on impact, as well as the Non-Traded to Traded price ratio (NTT}) that is
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mostly affected by the entry of Foreign MNFs in Home.

Finally, the sixth graph of Figure 5 depicts the dynamics of the average productivity in the Home
economy. The exogenous productivity shock has positive repercussions for the average productivity
of domestic producers as long as the average productivity of FDI entrants in Home is higher than
the average productivity of the firms established in the Home economyprior to the productivity
shock.

In the long run, the shock has no long-lasting effects. However, the transitional path is deeply
affected by the dynamics of the labor market, in particular the adjustment of wages to post-impact
entry. The increase in Home wages is larger than the productivity shock and this worsens the
Terms of Labor. Hence, despite the immediate entry of a large number of firms, some of these
firms soon start exiting because of the labor costs. This is particularly evident looking at the
plot for the number of exporters and domestic firms, and Foreign MNFs in Home. The average
productivity levels by types of business, average prices and relative rations (¢, Q; and TOT}) all
move, accordingly bringing the system back to the steady state equilibrium.

A PERMANENT AGGREGATE PRODUCTIVITY INCREASE IN HOME (FIGURE 6). In this case,
there is a permanent productivity shock which is common to all firms in the economy (Z; increases
by one percent permanently) and the Home market becomes a relatively more attractive business
environment.

The impact on the system of such a shock is similar to the transitory shock case, although here
the adjustment and long term effects are substantially different as the economy now moves to a
new steady state where productivity is permanently higher. In the long run, Home enjoys higher
consumption and income, while Foreign suffers from a short-term drop of C*, necessary to finance
the new exporters, followed by a recovery and an adjustment to a higher level. The transmission of
the positive shock from Home to Foreign occurs through higher Foreign export sales, revenues and
profits on top of the higher repatriation of profits of Foreign MNFs, all of which accrue to y*. The
dynamics of entry and exit of firms is substantially conditioned by the labor market dynamics.

A SYMMETRIC JOINT REDUCTION OF fg AND f5 fx AND f%, fr AND fr (FIGURE 7, 8 AND 9).
A symmetric reduction of the fixed cost of exporting induces initial entry into the export market
for about 2 or 3 years. Because of higher expected profits from exporting, the number of domestic
firms increases, which affects the dynamic of wages inducing some wage growth, that puts cost

pressure on exporters inducing some exit. Output and consumption also grow in the long run and
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this attracts new foreign MNF's later discouraged by higher wages so the initial entry reverts to
some exit, alleviating the wage pressure and increasing the average productivity of remaining firms
over time.

A symmetric reduction of the fixed cost of FDI induces initial entry into the Home market,
so that output and consumption increase on impact, along with wages. The dynamics of the
labor market induce domestic firms to exit, a phenomenon that reduces wage growth as well as
consumption and output growth. In the long run, the number of Foreign MNFs in Home is higher,
but the dynamics of domestic production imply lower consumption and income growth. In this
context and under this under parametrization, entry of MNFs had detrimental effects on both

economies.

5 Properties of the theoretical economy

In this section I examine the second moment properties of the model, in order to discuss the
relevance of FDI for business cycle dynamics. I look at the dynamics of the model once it is
affected solely by exogenous productivity shocks (Zt, Z;“) that are common across firms within a
country, hence aggregate. The model is simulated for the case of incomplete asset markets as I
want to compare this theoretical economy with the relevant literature, in particular with Backus,
Kehoe and Kydland (1992, BKK92 henceforth) and GMO05. I assume the data generating process

originally proposed by BKK92 and used in GMO05, with the following stochastic structure:

Z 0.906 0.088 Ziq . &
7 0.088 0.906 ZF &

where innovations have variance O'g = ag* = 0.0073 and covariance cover¢ = covger = 0.0019. 1
shock the Linear Rational Expectations solution of the system with these technological innovations,
compute the log-deviations form the steady state, HP-filter (smoothing parameter 1600), iterate
and finally calculate the second moments of the endogenous variables. The results reported in the
next three tables can be interpreted as percentage terms of the steady state level of each of the
variables they refer to, and measured as a ratio of the second moment of output.

Table 4 reports second moments of the main aggregate variables for the US economy from
BKK92, and generated moments from GMO05, Contessi (2006), and the model with both export

and FDI developed in this paper. The moments are reported both as percentages of the steady
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state level of the relevant variable and as ratios of the standard deviation of output.

In most of the tables I report moments of the variables as derived in the previous papers and
of the variables deflated using the transformation discussed in Feenstra (1994), and Broda and
Weinstein (2006) to map welfare-based price indexes of in models of monopolistic competition into
price indexes that are closer to the CPI. For example deflated consumption (Cg) and output (yg)
are equal to CyP;/ ]5t and y, P,/ ]5t where P; and ]5t are defined as in the appendix.

Compared to the existing literature, FDI in a model with heterogeneous firms substantially alters
the magnitude of the second moments of these variables and several elements deserve attention. The
introduction of FDI increases the volatility of both output and consumption compared to standard
models and even GMO05. One can think of FDI as a device to add a non-tradable component to
G.D.P. that increases its volatility, in a fashion similar to purely non-tradable goods in McIntyre
(2004). The volatility of consumption in percentage terms or as a ratio of the standard deviation of
G.D.P. is also between the two comparison models. Investment in new firms (Vg g Ng) is extremely
volatile, somewhat disproportionately compared to data, and indeed higher than in the models
with solely trade or FDI. I treat the stock of existing producers Np as the best available proxy for
the capital stock, its standard deviation being substantially in line with data (0.63), and definitely
higher than the comparison models. The model is somewhat disappointing as regards, the volatility
of the trade balance both in absolute terms and as a ratio of G.D.P., as both measures turn out to
be much higher than in the data.

However, the model with export and FDI is able to generate an extremely high volatility of the
Real Exchange Rate, both measures using welfare based price indexes and CPI, and this constitutes
a definite success compared to standard models of business cycle and even compared to GM05. Once
computed using CPI-like price indexes the volatility of the RER is very close to the figures reported
in CKMO03 for US data.

Table 5, reports autocorrelation of the models with trade only and with both trade and FDI.
The extended model generates autocorrelations that are somewhat higher than the one in the data
and in the GMO05

Cross- and within-country correlations in Table 6 are noteworthy. Besides maintaining positive
cross-country consumption and output correlations, the model with both export and FDI is able
to replicate the ranking of their contemporaneous correlations, that emerges from the data but

that traditional international business cycle models cannot account for, a problem from which the
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GMO5 model is not exempt. Introducing horizontal FDI under Financial Autarky allows me to
generate a cross-country correlation of consumption that is slightly higher than 50% of the cross
country correlation of output between the two countries. Moreover, the model generates a negative
correlation between the relative consumption ratio and the RER, both in their theoretical (Cy/Cy,
@) and their deflated (Crt/Ch, qi) definition. The latter emerges in the GM05 simulation as
well, but not in the model with only FDI and has a magnitude that is fairly close to BKKO2.
The model however generates too high correlations between investment and saving rates (1 —

Crit/YRrt,VERt/YR,t) as well as a somewhat too persistent RER.

6 Conclusions

Drawing from microeconomic studies that establish a relationship between firm level heterogeneity
of productivity and global engagement status, I have proposed the first open economy macroeco-
nomic model that endogenizes both FDI and export as possible modes of the internationalization
of production. In this model, all goods can be potentially traded or produced by MNFs affiliates,
but only a subset of firms enter foreign markets, based on the interaction between foreign demand,
relative aggregate productivity and labor costs on the one hand, and trade and investment vari-
ables - chiefly the fixed cost of exporting, the variable trade cost, and the fixed cost of producing
abroad - on the other hand. This paper suggests that introducing MNF's entry and sales in an open
macroeconomic setting significantly improves our understanding of the international transmission
of shocks and aggregate volatility along two main dimensions.

First of all, I show that the consumption-output anomaly in open economy macroeconomics
disappears when I introduce MNF's along with exporters in the two-country model. By locating
production in different destination markets, MNFs diversify production risks stemming from ag-
gregate volatility and local market conditions, in a way that weakens the transmission of shocks
across countries but increases idiosyncratic output volatility. Admittedly, this is likely to be only
one of the elements able to deliver a ranking of consumption-output correlations consistent with
the data, but my results explicitly indicate that geographic segmentation of markets must play a
role.

Second, I show how the pricing policies of MNFs can affect price indexes, increase the volatility

of the Real Exchange Rate and possibly alter the direction of the Harrod-Balassa-Samuelson effect
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when exporters are more productive than local producers, but less productive than MNFs. I find
that postulating the existence of MNF's leads to a simulated volatility of RER exchange rate that
is far closer to the data than in any of the previous open economy models, a result that depends
on the ability of MNF's to price-discriminate across countries and relates to their role in increasing
the weight of the non-traded component of the aggregate price indexes.

Moreover, a corollary to the analytical results of the model suggests that the transfer of technol-
ogy of MNFs into host countries contributes to aggregate productivity growth over time at a rate
that is decreasing in the number of foreign firms already located the host country. The interaction
of fixed costs, demand and labor conditions induces MNF's to sort according to their idiosyncratic
productivity, so that late entrants tend to have lower productivity and to be less beneficial to the
host economy than the group of early foreign investors. I argue that this result offers a partial solu-
tion to the conflicting evidence on the contribution of MNFs to the growth of their host economies
and raises doubts about the economic rationale for offering special incentives to attract FDI.

This paper provides an early foray into understanding the dynamics of exports and horizontal
FDI in a DSGE setting and suggest a number of directions that are worth future research effort.
The trade component neglects the role of technological change (other than exogenous productiv-
ity innovation) overlooking the possibility that the distribution of productivity could change in
response to learning by producing and exporting, or as the outcome of innovation through re-
search and development (for a contribution in this direction see Atkenson and Burstein, 2006). The
macroeconomic component of model would benefit from introducing money and some form of price
rigidity in the two-country World (see Russ, 2006 and Lubik and Russ, 2006, for early steps in this
direction) as the way monetary policy innovations are transmitted internationally is important for
Central Banks and policy makers and there is currently no understanding of the way the existence
of MNF's might affect the optimal conduct of monetary policy.

Finally, an extension of the model presented here to the case of a vertically disintegrated pro-
duction structure would allow to study the North-South transmission of business cycles through
vertical fragmentation (Burstein et al. 2006) that appears to be a worthwile research effort given
the spectacular growth of FDI in developing and emerging countries of the early 2000s (UNCTAD,
2006) and recent evidence on the volatility of output generated by US outsourcing in Mexico (Bergin

et al., 2006).
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FIGURE 1. SALES BY FOREIGN AFFILIATES AND EXPORTS OF GOODS AND
NON-FACTOR SERVICES WORLDWIDE 1982-2003 (BiLLiONS USD)
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Ficure 3. TIMING OF ENTRY
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FIGURE 5 - TEMPORARY AGGREGATE PRODUCTIVITY INCREASE
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FIGURE 6. A PERMANENT AGGREGATE PRODUCTIVITY INCREASE IN HOME
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FIGURE 7. A PERMANENT REDUCTION OF fr IN HOME (FINANCIAL AUTARKY)
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FIGURE 8. A PERMANENT REDUCTION OF fx IN HOME AND f% IN FOREIGN (BOND TRADING)
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FIGURE 9. A PERMANENT REDUCTION OF fr IN HOME AND f; IN FOREIGN (BOND TRADING)
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TABLE 1.

Value at current prices (billions of USD) and percentages

1982 1990 1996 2005

World G.D.P. 10,899 | 21,898 | 29,024 | 44,674

World sales of foreign affiliates of MINFs | 2,620 | 6,045 | 9,372 | 22,171
As a % of world G.D.P. 24.1 27.1 32.3 49.6

World exports of goods 2,247 | 4,261 | 6,523 | 12,641
As a % of world G.D.P. | 20.6 % | 19.5 % | 22.56 % | 283 %
FDI stock 647 | 1,789 | 3,238 | 10,130
As a % of world G.D.P. | 5.9 % 82% | 11.2% | 22.7%
Total Assets of Foreign Affiliates 2,108 | 5,956 n.a. 45,694

As a % of world GD.P. | 193 % | 272 % n.a. 102.3 %

Source: UNCTAD, World Investment Report (Various issus)
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TABLE 2. US CURRENT ACCOUNT 2005 (MiLLioNs USD)

EXPORTS IMPORTS NET

GOODS AND SERVICES | 1,275,245 -1,991,975 | -716,730

RECEIPTS PAYMENTS NET

DIRECT INVESTMENT 251,370 -116,953 | -134,417

OTHER PRIVATE 217,637 -223,612 -5,975

U.S. GOVERNMENT 2,715 -113,559 | -110,844
OTHER 5,640 122,788 | -117,148
TOTAL 1,749,892 -2,455,328 | -705,436

TABLE 3. STEADY STATE LEVELS OF THE MAIN VARIABLES

STEADY STATE VALUES | INTERPRETATION

Ng/Np = 0.026 New entrants to producers ratio

Np/Np; =0.76 Home firms as a share of Home producers

N} /Ny =0.53 Home firms as a share of firms selling in Home
N%/Nu =0.34 Importers as a share of firms selling in Home
Nf/Ng =0.13 Foreign affiliates a share of firms selling in Home
Npo/Np =0.19 Local firms as a share of Home firms

N;/Np =0.31 MNF's as a share of Home firms

zp = 1.86 Average Productivity of Home producers

zZpo = 1.20 Average Productivity of local producers

zZx = 1.59 Average Productivity of Exporters

zr =2.19 Average Productivity of Home MNFs

CONS. /G.D.P =91% Aggregate Consumption / G.D.P.

vNg /| G.D.P = 9% Aggregate "Entry" Investment / G.D.P.
TNp/G.D.P = 24% Dividends / G.D.P.

Sp = 52% share of domestic sales in Home expenditure
Sx = 14% share of imports in Home expenditure

St =34% share of FDI sales in Home expenditure
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Appendix

A Firms

A.1 Profit maximization and first order conditions for the firms

1. DoMESTIC PRODUCTION (D). Domestic producers - that who do not incur in fixed cost of
production - choose prices by maximizing their following profit function

Wi

Ip,i(w) = pe(w)yi(w) = Wilp 1(w) = pr(w)ye(w) — Z—Ztyt(w)
where W, is the wage rate, [;(z) represents labor use and y;(w) is the level of output. The first
order conditions imply that optimal prices and real profits are pp, (w) = o ij,t(w) = ztp and
oyt (w) = HDTZ(W) = % p};’f (w) C¢ where the mark-up p = %5 and the real wages are w; = W;/F;.
2. ExporT PrODUCTION (X). Exporters maximize the following objective function
Wi fx
Ix: (W) = epr(w)y(w) — 7eWili(w) — %
t

that has first order condition such that px ;(w) = Nz_fzmztt Using the definition of RER; = e, P}/ P;
and the real wage, and dividing by the price index of the market of destination, I can derive

Px t (w)y=2 Xﬁﬁ;w) = %&u, and the optimal profits, in terms of the consumption price index at
the location of the firm, equal to mx ; (w) = %pﬁ{f(w)Cf - %ﬁ“

3. FDI propuCTION (I). Producers that engage in FDI maximize the profits from foreign sales
expressed as

. . Wit
M7 (25w) = e |pe(w)y; (W) — Wil(w) — 7
t
which implies optimal prices p; ; (w) = br );é“) = é?z 1, and optimal profits from FDI - relative to the

price index of the market of location of the mother firm - equal to 774 (w) = %—t p}}a (W) CF—Q+ th]i“
) t

A.2 Parametrization

Following Helpman, Melitz and Yeaple (2004), I assume that productivity z has a Pareto distri-
bution with lower bound zp;, and shape parameter kK > ¢ — 1, i.e. p.d.f. and c.d.f. of z are
9(2) = k2k,./ 2*land G(2) = 1 — (2min/2)". Using this distribution and replacing the non-
parametrized distribution with the Pareto, and defining V = k/[k — (¢ — 1)], I can obtain a simple
explicit solution for the weighted average of the idiosyncratic productivity of firms Domestic Firms
(D), Domestic Exporters (X), Home MNFs (I) and Home local firms (DO), by integrating equations

(13):

—1_k k o—1 —1
1 1 2% 2R —2% 2 4
~ = ) ~ L Xt ATt AX 70t
ZDgt = Vo1 2min ZX it = Vo1 |: : zk7 _Zk’ :
It X,t

- 1 ~ 1
Zrg=Veo-lzry  Zpos=Vo-1 [
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A.3 Relative number of firms and cut-off points

1
From z7;, we know that zr; = V™ e=1z; which allows to simplify the relative number of firms

N[7t _ [1 — G(Zf,t)] ND,t _ <Zmin>k _ <Z:£n1n>kv% (21)

ND,t ND,t 21t 21t
N, |1—=G(z5,)| Vi N "
It Lt Dt [ Zmin Dt Zmin Dt
- - - 1
ND,t ND,t Z?yt ND,t g}* tvm ND7t
k
Nr; 2%
it Xt

Cut-off points zx; and z;; are determined as a zero-net-profit condition for the firm that makes
exactly enough operating profit to cover the fixed cost of entry into the export segment and the
FDI mode.

. 1—
MARGINAL FDI rirM. For the FDI business, zr¢ : 77 (w) = 0 <= % [prs ()] 7 Cr = Qy
Thus,

* *
Wy fI,t
=
3

1

i\ (wio c 1
(&) (%) () &

Using the cut-off point for FDI firms, I can determine average profits of the FDI segment 77 using
the definition of 274,

- wy ft
ﬂ-I,t = Qt (v — 1) tZ*Lt
t

MARGINAL EXPORTER. The marginal exporter has a productivity level such that her profits are

(24)

zero. Hence, zx ¢ such that 7x4() =0 <= % [Pxt (w)]lfa Cr = %ﬁ“, is
1
fxpo 7T [ w \"
_ (Ix 25
ZXt ( Cr 07 KTt (25)

Using the cut-off point for FDI firms, I can plug zx ¢ and z;; into Zx ; and derive 7x ;. The average
productivity of exporters is then derived from

o 14k ok _ *\ O Iy .
Wt o—1 l—o __ 1—0o w_t k l1-0o
o1 ()7 <QtZt> Ty Txp TOL, (Zt*) thf,t
Xt =V o—1 1l _k_ ok ke
(O' — ].) Ct -0 TOLl—o‘ k:f*l—(r
Xt t Ttlrge

that implies average profits

AF — ATL(TOLT) T

v 1otk - 1] wth,t§ A= <f_X> o T] (26)
AF — (TOL7) T f1

Moreover, the following relationships can be derived using the cut-off points and the definition of
the terms of labor TOL, = %2t

Xt =

Z;‘wt ’
exa_ L (@ )"—1 _@rory)*h 27
zrp ATOLY Zr (ATOLMF — 1

41



and this allows me to rewrite the relative number of exporters and FDI firms as a function of
the productivity cut-off, hence relative effective labor cost, fixed and trade costs: Nx:/Nr; =
(ATOLM)" —

B Real Exchange Rate

The welfare based price indexes (P; and F;*) can be used to define the welfare-based RER @; and
its CPI-based transformation ¢; that discounts the variety effect and is conceptually closer to the
way official statistics report the RER. Here, one has to pay attention to the fact that the way I
aggregate prices into the price index is derived from theory and does not correspond directly to the
price indexes available from official statistics. Following GM (2005), I also construct a CPI-based
RER ¢, using the transformation suggested by Feenstra (1994) and Broda and Weinstein (2006).

The wefare-based Real Exchange Rate is defined as Qy = e, P}/ P, and TOL; = (et V;_g) / (%) are
the Terms of Labor. Hence,

Lo (e e [NbaPo(E)'~7 + Ni Py (350)' 7 + N7 Py ()
PR ~ NpPp(Zp)t7 + Nx i Px (2x)1=7 + Np o Pr(21)t =7

By dividing both the numerator and the denominator by pp;, the RER can be expanded to

_ EtP* 1—0o
1o _ (P _ [ For
t - Pt - Ni
PD,t
and
etf)t* l1-0o ZDt l-o EDt l1—0o th l1—0o
ﬁD = NDt Z TOLt +NX,t Tt? +NI,t TOLt;
it Dt it t
P l1—0 gD 1—0o Zp, 1—0o
<~—t> = Npi+ N%, (n — tTOLt> + N}, ( t)
DDyt Zx4 Zr
imply that

z o T l1-o 5 l1—0
o Mba(TOorg) v v (F2) 4 e (TOR ) 28)
o

Np,+ N, (TOL TtZDt)l_U+N* (@)1_0
¢ Xt t Lt \ Z},

If home effective labor appreciates (4 1) then the terms of labor decreases (T'OL; | ), and the
Home economy as a whole becomes a less attractive location. The way one should think about
the terms of labor is that if TOL; > 1 a firm with a given level of idiosyncratic productivity z can
produce at lower cost in the Home country than in the Foreign.

Q¢ is determined by welfare base price indexes P; and P;. If I denote CPI price indexes als ﬁt

and ]Bt* I use transformation the welfare based price indexes used so far according to P; = NtE E

ol o
and P} = N, "7 P/ I can define a measure of RER that resembles closer the CPI (Broda and
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Weinstein, 2005, and references therein). Hence, P, and 15{“ are thought as average nominal prices
for the varieties sold. Accordingly, the CPI-based RER can be derived from

~ \1-0 ~ \1-0o ~ \1l-0o
% -1
 Npa (TOLt%) + Ny (IZQ) + Ny, (TOLt%) Npy+ N§, + Ni,
Npi+Nxs+Nig )

1—0o

q;

x5 \1—0 1-0o
Np;+ Ng, (TOL™ER) " + N7, (2)

>k
X

C Labor Market Clearing

Labor supply is rigid L7 = L and labor demand comes from firms that need to cover fixed and
variable production costs and sunk costs of entry as follows:

Entry | Domestic Production | Export to F | FDI from F

Variable labor cost wilp t(w) wilx t(w) wely¢(w)
Per-period Fixed Cost %ﬁ” %ﬁ”

Once and for all Cost %ft

PrRODUCTION LABOR. A generic firm produces zZ; units of variety w per worker. Considering
separately work that is used for domestic, export and FDI production, Ip ;(w) and lx ¢(w) are the
number of workers hired in the domestic economy to produce good for the domestic market and
export market, while {7 ;(w) is the number of workers hired in the domestic economy by foreign
firms to produce for the domestic market.

LABOR USED AS INVESTMENT. New entrants hire fr; workers as an entry cost. Each exporter
hires fx; workers per period to cover export costs. Each foreign firm producing domestically hires
f1+ domestic workers per period to carry out FDI production.

Profits from domestic sales for a domestic firm with idiosyncratic productivity z are

1

mpi(w) = ppi(w) yxi —wilpy(w)= 1wtlD,t(w) (29)
—— =~

w
ﬁ z_Z% ZZtlD,t(w)

Profits from export sales for a domestic firm with productivity z are

wy fx

1
mxrl) = pxa@) g~ [xele) + 2| = o) - (30)
—— —~—~— 2& o—1 Zﬁ
%ﬁzﬂz’:%ﬁl&t(w
Profits from domestic FDI sales for a foreign firm with productivity z are
?t(w) 1 B o I
T = : = — Wil ) =Wyl )+ = 31
mha) = 2 = e [T < W (1) + (31)
1 1 J1
= — ) —wp=— 2
7 (Egutiaten) - widh) (3)

From the optimal profits above, I can derive the average amount of labor hired to cover domestic
sales, export sales of the domestic average firm and FDI sales of the foreign average firm:

Dt
)____

Ipi(w)=(c—1 o

43



fx

TXt

TX,t(w) == wy +(o—1) Zy
E’t(w) =(0c—1) Q;}i[’t +(c—1) %

Therefore, the total amount of production labor hired in Home in every period is

TD,t Txt | fxt * QiFre | fre
— 1) Np, | T2t —1) Ny, |2 X )N t I
(o= 1) Mo | 722 7 = 1) Ny | 220 52 oy vy [ 2

The demand for labor used as investment in the economy originates from new entrants (Ng ¢ fr.+/Z¢),
exporters (Nxfx+/Z:), and foreign affiliates Nit frt/Z; and adds to the total amount of produc-
tion labor as follows:

LtD = (O-_l)NDt<7ru?tt>+(O’—1)NXt<7T£t &)_‘_(J_l)Nit <Qt%1,t+&>

Zt Wt Zt
Nptfet f Xt Jit
’ Nx ==+ Ny
+—F 7 + Z TN~ 7,
Since labor supply is fixed at LY = L, equilibrium is such that

_Z: (NDtﬂ-Dt—i_NXtﬂ-Xt—i_QtNItﬂ-It)+_
Wi Zt
and wy can be determinded solving this equation. The foreign country has an identical labor market

equilibrium.

o (N %
(et v Niere) @)

C.1 Balanced Current Account.

Even in the case of Financial Autarky, the Current Account does not correspond to Trade Balance
as in standard models, due to the existence or repatriated profits. In order to show that balanced
current account allows to close the model, I rewrite the average prices as indirect functions of profits

and plug them in the price index (N D,tﬁlD_f + N;‘QtﬁXl*U + N;‘j tﬁ;lt_g = 1)

Tp, —pD fC’t = ﬁ})_f = CLtUTFD,t
T = QiaN?lt 7°Cy — Qgtfé: — ’ﬁ?}[g g oI+ & thft”
to derive
C, = [NDJO'WDJ +0oNx, <7TX,t + wtgj“)] (34)
+ [NI%],t + N}thtU%?t + NI to-wgflt - Qt ;%? t:| (35)

Now, combining the definition of total profits (7~r =7p+ %%X + ]]V—Vé—%), aggregate accounting
(Ct =wi L+ Npsmwp +Nx7x + N — Ngvy) and the free entry condition (v = wy fr+/Z:) , some
algebra leads to the labor market equilibrium:

L:

o (Nesfe
(NDtWDt"‘NXtWXt-FQtN”W”)—|——<—7;f it

7 + Nxifxt+ N}k,tfl,t> .
t

wt
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D International Trade in Bonds

The version of the model allowing for international trade in bonds is a customary term of comparison
for two-country economies, although the framework is still one of markets incompleteness. I extend
the model to the case in which the representative household can trade Home and Foreign risk-free
bonds (BH and BY) subject to portfolio adjustment costs that are rebated to consumers. Thus,
the budget constraint of Home becomes:

2 ~
B+ @Bl + 5 (Bt+1) + th (Bf1)” + 0uNuazea + Cy =

2
= (1 + Tt)BtH + Qt(l + ’I“:)BtF + (EJ} + %t) ND,t-'L't + wi Ly + T
The risk free interest rate is measured in units of the consumption basket of the issuing country’s

and T;=4 (Bﬁl)2 + 3Qs (ijrl)2 is the revenue from adjustment costs. Hence, there are now four
Euler equations for bonds holdings, besides the two Euler equations for the shares of the mutual

fund:
- _ B +7’t+1) . o~ BAET) [Qt+1 v]
Y (1+nBH) B [(Cr) )5 G = N E O (Ctt1) (36)
o BA A+ 1) Q ] e B0 +7"t+1) N
@ - (1+nBHx) b [Qt—H (Cerr) 7} » G (1 + 7B By [(Ctﬂ) } (37)

The multiplicative term before the expectation terms includes the adjustment cost of bonds used to
ensure stationarity of the model. Moreover, because of zero net supply of bonds worldwide we have
two additional conditions, i.e. BfZ; + Bf% =0 and Bf,, + By, = 0. I will focus on a symmetric
equilibrium in which the identical household in the two countries make identical choices so that
Bl = B} and B}¥ = B! under perfect foresight. Hence, the budget constraing reduces to

Bt—|—1
+ BE* 1+r
Qt t+1 — ( t)Qt

Moreover, using the equations for the two countries I can obtain an expression for the dynamics of
home Net Foreign Asset accumulation:

B + (1+r)Bf™ + Np 7, — Nj of + wiL; — Cf. (38)

1 ~ e,
By + QB = (L4 ) B + Q1+ 1) B + 5 (NpaFr — QiNp 77 )

1 ~ - 1 - - 1
3 (NE0r — QiNg 07) — 3 (Npvr — QiNE 07 ) — 3 (Ct — QCY)
The Financial Account defined as the changes of aggregate bond holdings in the two countries, is
by definition equal to the Current Account

CA, = BE, - B +Q:(Bf,+Bf))
CAt = HT (BF +Bt+1)

Finally, the sum of the countries’ Current Accounts is zero (CA; + Q:CAf = 0) and world con-
sumption is the sum of World labor income and net investment income.
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E The System

TABLE A1l. MODEL SUMMARY - FINANCIAL AUTARKY

Price Indexes (1, 2)

ND,tﬁD,tlﬂ7 + N;(,tﬁf;(,tlfg + N}“,tﬁ?tl’” =1
Nppp =7 + Nxupx '~ + Niupp,” =1

~ ~ Nx,t~ Nr ~
T =TDt+ N Xt T 7o Tt
Total Profits (3,4) N e
~k _ ~x Xt~ It ~%
Ty =Tpt T Ny, "xt+ w5, TLt
F E Conditi ~ wifpr. o~ WiTEy
ree Entry Conditions (5,6) V=gt f=—tgt

Profits for the average

exporter (7, 8)

- Lt s o \ TS
TX,t = [V <fX’tlg - <TOL?’T% f[,t) ! )
ks .
< Xt — (TOL;’Tt "f;‘,t) ) — x| 7
~% *1+% —0,__*x1—0 px 1+%
7rX,t = |:v (fX,t ! - <TOLt Ttl th) ' )

. o &\ ! .
< i~ (TOL; 77377 fry) 1‘T> - f)*ftw Z_I

Profits for the average

fromFDI (9, 10)

Fro= (V1) Qe

~x Ii
Tre = (V-1) &wa

Share of Exporting Firms (11, 12)

Nx: _ _k —k —k
Np,: Zmin \#xt ~ It
N, xk x—k x—k
NE . = “min <2X,t — 21t >

Share of FDI Firms (13, 14)

Euler Equations for Bonds (15, 16)

Euler Equations for Shares (17, 18)

~ Cr - - ~x
vy = B(1—0)E; ( éj) (Vi1 + i)

Aggregate Accounting (19, 20)

Ct = th + NDﬂg%t - NE,tﬁt
* __ kT % * ok * Tk
Cf = wi L™ + Np 7wy + Np vy

Number of Firms (21, 22)

Npt=(1—-0)(Npt—1+ Ngt-1)
NB,t =(1- 5)(]\%,1&71 + Ng,tfl)

Balanced Trade (23)

~1—0o ~ ~*xl—0 ~*
QiNx o Cf + Nimrg = Nx 1%, " Ce + Ny
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Under Financial Autarky, there are 25 endogenous variables. Of these, fifteen are not predetermined
at t: wy, wi, T, 7y, Npyt, Ny Nigy Niys 21t Z;t, v, 05, C, CF, Q¢ , four are predetermined at
t: Npg, NBJ/, r¢, rf , and there are six endogenous expectational errors: 77?, nf*, 77?, nf*, ntc , 77,50*
Under Bond Trading, there are 29 endogenous variables. Of these, the predetermined group does
not change but the 8 variables predetermined at ¢ now include, Bff, BF*, Bf', Bf**. In addition,
there is an additional endogenous expectational error, nt In both cases, the model also features 10
exogenous variables (Z;, Zf, fg+, Thas Ixs [ fres fTo T 77). Equation 1-10, 13-14 and 17-18
are the same as in the case of Financial Autarky, the other equations are replaced or introtroduced
ex-novo as in Table A2. The systems are loglinearized around the steady state, represented in
canonical form and solved using the Gensys algorithm.

TABLE A2. MODEL SUMMARY - BONDS TRADING

Euler Equations for (l + nBtI_{H) C; 7 =B(1+r41)E, [(Ctﬂ)_'y]
bonds issues by H (11, 12) (L+9Bi) C77 =B+ i) Ey { L (Cr1) ™ ﬂ
Euler Equations for (1+nBf,) CF 77 =B+ ri1)Ey [Qt_H ( f+1)77}
bonds issues by F (15, 16) (1+nBfX) CF 7 =B+ ) E “C’tﬁ_l)*q
Net Foreign Assets B{il + QtB*,tH =(1+m) BE +Qi(1+ T?)Bﬁt
(formerly Balanced +% (we Ly — QuwiLy) + % (ND tTDt — QtNl*) ﬁ*at)
Current Account) (19) -1 (NE7t5t - QtNEﬁ;‘) -G CY)
Labor market L= qutl (NpiTpt + NxTx) + Z% (Netfes +0Nxifx,t)
equilibrium (20, 21) 17 = 2L (NpFh + Niiia) + 2 (Niudi + oN% 1%,
Bond Market B, + Bl =0
Equilibrium (22, 23) Bl + Bl =0
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