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1 Introduction

How does multinational production (MP), where rms produce in multiple countries,

a ect international real business cycles (IRBC)? The theoretical research on this is limited
(with the exceptions of Contessi (2010, 2015); Zlate (2016)), in spite of the fact that world
a liates sales as a share of world gross domestic product (GDP) was twice as much as
the share of world trade in world GDP in 2007 (Ramondo (2014)). Instead, theoretical
IRBC research is tilted towards evaluating exports as a driver of aggregate business
cycle dynamicst Furthermore, recent empirical evidence shows that multinationals are
important channels for cross-border spillovers (di Giovanni & Levchenko (2010); Cravino
& Levchenko (2017); di Giovanniet al. (2017, 2018); Boehnet al. (2019); Benaet al.
(2021)).

There are at least three reasons why MP could impact IRBC more than trade. First,
MP a liates' entry and exit (i.e., the extensive margin) can have a larger impact than
the extensive margin of exporters on account of there being a shift in production location
only in the case of MP. For example, when an exporter decides to serve foreign market by
MP instead, a part of the production shifts abroad. There is out ow of capital during this
process and the a liate inherits a part of its parent's productivity. But when a domestic
rm starts exporting abroad, the increase in production occurs only at home; any impact
on foreign is through prices and increased variety as documented in Liao & Santacreu
(2015). Second, as mentioned above, a liate sales surpass exports two-to-one as a way
to serve foreign markets. Third, productivity shocks to MP rms could matter morea la
Gabaix (2011) because multinationals are larger than exporters (Doms & Jensen (1998)).

In this paper, | develop a model of trade and horizontal MP and show that when
calibrated to account for the characteristics of exporters and MP rms, it generates a
signi cant role for MP extensive margin in a ecting business cycles. In particular, I nd
that MP exit is pro-cyclical, which increases macroeconomic volatility and decreases inter-
national correlations? Technology transfer dampens the MP extensive margin channel-
there is lower volatility and higher international correlations at higher levels of technology
transfer. In a broader sense, the paper highlights the importance of extensive margin of
rms in international markets on business cycle variables.

1Quantitative trade models have attempted to replicate the observed business cycle moments including
(but not limited to) cross-country output correlation and the real exchange rate-net exports relationship.
See Backust al. (1994); Ghironi & Melitz (2005); Kose & Yi (2006); Alessandria & Choi (2007); Johnson
(2014), and Liao & Santacreu (2015).

2These results appear counter-intuitive in the context of several empirical papers that have found
MP to increase international output correlation (I refer back to the list of papers cited above). But the
empirical papers do not distinguish between horizontal versus vertical MP. The impact of horizontal MP,
which | model for reasons explained below, on international business cycles is therefore an open empirical
guestion. On the theory side too our understanding the impact of horizontal MP is lacking which this
paper addresses.

3The last two decades have seen a number of papers have built on seminal works by Melitz (2003),
Alessandria & Choi (2007), and Ghironi & Melitz (2005) that emphasise the role of extensive margin.
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The following empirical facts serve as guideposts while developing the quantitative
MP model. First, even among rms that sell to foreign markets (i.e., exporters and
MP rms), multinationals belong to a larger rm size category (Doms & Jensen (1998)).
Second, there is a non-zero transition probability into and out of MP status (Boehm
et al. (2020)). Although the probabilities are not large in absolute value, these tran-
sitions turn out to be quantitatively important given the larger size of the MP rms.
Third, multinational a liate and headquarter sales move together, which is interpreted
to be a consequence of headquarter to a liate technology transfer (Cravino & Levchenko
(2017)).* Fourth, multinationals between developed economies are of horizontal market-
seeking nature wherein MP a liates substitute trade (Markusen (1995); Swenson (2004))
as opposed to cheaper-labor-seeking vertical MP observed between developed and devel-
oping economies.

| incorporate these features in to the Alessandria & Choi (2007) model of heteroge-
neous rms and market access frictions augmented to include MP. Firms di er by their
productivity, own their physical capital stock, and are subject to aggregate and idiosyn-
cratic shocks to their total factor productivity (TFP). Market access frictions, modelled
as xed and sunk costs of exporting and conducting MP, reduce rms' pro ts from engag-
ing in these activities. This results in the segregation of rms into domestic, export, and
MP based on their idiosyncratic productivities and last-period export and MP statuses.
On average, in the cross section, the most productive rms conduct MP, rms with in-
termediate productivities export, and the least productive rms serve only the domestic
market. In addition to this cross sectional separation, the sunk costs add persistence to
rms' export and MP statuses. Over time, a rm's status changes as the aggregate shocks
shift the entry and exit productivity thresholds and as its idiosyncratic TFP changes. In
sum, a rm's status is a function of current macroeconomic conditions, its idiosyncratic
productivity, and its past export and MP statuses.

I mimic the observed parent to a liate technology transfer by following a combination
of approaches in existing quantitative MP models (Contessi (2010, 2015); Zlate (2016)
and Cravino & Levchenko (2017)). Contessi and Zlate assume that a liate idiosyncratic
productivity is the same as that of its parent (i.e., full transfer of idiosyncratic produc-
tivity) while the aggregate productivity is that of the host country (i.e., zero transfer
of aggregate productivity). Following Cravino & Levchenko (2017), | allow for a partial
transfer (governed by a technology transfer parameter) of the parent country's aggre-
gate shock to the aliate in addition to the full transfer of headquarter idiosyncratic
productivity.

Among international business cycle models, Liao & Santacreu (2015) and Zlate (2016), have highlighted
the role of extensive margins in increasing output comovement across countries.
4This paper only focuses on technology transfewithin multinationals - i.e., from parent to a liates.
| do not explicitly model the well documented spillovers from a liates of multinationals to local rms in
the host country.



This paper focuses on how a liates' entry and exit alter business cycle dynamics.
When a new a liate is set up, it brings some capital from its parent and it brings its own
idiosyncratic technology along with home country's aggregate technology. The general
equilibrium impact of this can be summarised as follows. Compared to the no-MP model,
because MP exit is pro-cyclical, macro variables are more volatile and are less correlated
across countries; technology transfer dampens the main channel.

One can understand the reasons for pro-cyclical MP exit by tracing impulse responses
to a positive aggregate shock in one country (Home). On the one hand, exporting (MP)
becomes more attractive for Home (Foreign) rms relative to MP (exporting) as Home
e ective wage rate falls. These Home rms want to shut their Foreign a liate and export
from Home instead. On the other hand, technology transfer makes MP (exporting) more
attractive as Home (Foreign) rms can carry their productivity advantage (disadvantage)
abroad. The impact on the MP productivity thresholds is a result of these two opposite
forces. In the net in the calibrated model, technology transfer channel is not powerful
enough to overcome the cheaper production cost in Home. As a result, there is an increase
in the number of a liates in Home and a decrease in Foreign. There is greater volatility
in the number of rms and capital stock in each country which translates to greater
macroeconomic volatility. In a zero technology transfer regime, as the force of cheaper
Home wage is not counteracted, there is even greater macroeconomic volatility. The
international correlations are also lower in the zero technology transfer regime.

To quantify these channels, | calibrate the model to match the United States (US)
business cycle at quarterly frequency. | match exactly all the rm transition rates between
domestic, export, and MP statuses reported in Boehrat al. (2020). | set the technology
transfer level to the mid-point 30% of bounds estimated in Cravino & Levchenko (2017) in
my benchmark simulations. | nd that the volatilities of all variables except consumption
and real exchange rates are higher in the MP model compared to the re-calibrated no-MP
Alessandria & Choi (2007) model. The international correlations of output, consumption,
investment, and employment are all lower in the MP model. The deviations between no-
MP and MP models are higher when technology transfer is shut down, indicating that
technology transfer dampens the role of MP extensive margin.

| simulate two sets of models to approximate the contribution of MP extensive margin.
| rst simulate the benchmark MP model with all the cuto s xed to their steady state
values (model one) and then simulate a model where only the MP cuto s are allowed
to vary (model two). The di erence in outcomes between in model two and model one
approximates the role of MP extensive margin. Note that there is still entry and exit
even with all the cuto s xed in model one because of changes in rms' idiosyncratic
productivities and due to aggregate shocks. The strength of the MP extensive margin
in e ect here is largely due to a modelling assumption{ the Alessandria & Choi (2007)-
based assume rm productivity to be i.i.d. across rms and over time. In reality, given
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that rm productivities exhibit some degree of persistence, the likelihood of a change in

a rm's status purely based on rm level shocks will be lower. In model two rms' status
change due to change in MP cuto sin addition to the factors above. The dierence
between in outcomes between the two models therefore places a lower bound on the role
of MP extensive margin. | nd that at least 23% of the total increase in volatility between
no-MP and MP models is coming from this component.

One issue with the parameterization above is that technology transfer can confound
the estimate of lower bound by a ecting aggregate outcomes in two ways. First, it a ects
the MP-export trade-o and reduces the volatility of MP cutos. Second, it directly
a ects foreign Solow residual on account of the fact that a liate production takes place
in that country. If the second factor is quantitatively important, a part of the contribution
attributed to uctuations in MP cuto s above could be coming from the impact of higher

on foreign Solow residual. | address this by conducting the same set of exercises with
the technology transfer parameter set to zero. As suspected, | nd the MP cuto s account
for a smaller 15% of the total increase in output volatility. | take this 15% number as the
main estimate of the lower bound. It is likely to be higher in the data given that rm
productivities, although not i.i.d., are not permanent either.

As alluded to in a footnote above, the result that MP reduces international correlations
appears counter-intuitive. For example, Zlate (2016) nds MP entry to be pro-cyclical,
which increases cross-country output comovement in a model with vertical MP. In my
model with horizontal MP, however, MPexit is pro-cyclical. For reasons explained above,
this reduces international output correlation.

The main contribution of this paper is to build a model of horizontal MP that brings
together di erent features of the data. Its motivation is similar to Contessi (2010) in
looking at the e ect of horizontal multinational activity on international business cycle
moments. The MP model here makes improvements along four dimensions. In particular,
there are: i. sunk costs of export and MP, ii. MP parent to a liate technology transfer,

iii. endogenous labor supply, and iv. physical capital. In contrast to this paper and
Contessi (2010), Zlate (2016) looks at the e ect of north-south type of vertically frag-
mented MP and its e ects on international business cycles. His paper is motivated by
the US-Mexican maquiladora relationship where US multinationals produce in Mexico,
but the aliate output is shipped back to the US. This type of MP increases output
comovement across countries because there is a direct spillover of US demand on produc-
tion in the maquiladoras. My paper focuses on the e ects of the more dominant type of
MP between high-income countries (i.e, of the north-north type) and its e ect on inter-
national business cycles. Finally, Imura (2019) extends the Alessandria & Choi (2007)
to include MP in a world with global value chains (GVCs). Although the model in her
paper does include aggregate shocks, she does not conduct business cycle simulations in
the exercises; she studies how tari shocks propagate across the GVC in the presence of



MP rms. This paper is also related to the expanding literature on the e ect of MP on
business cycle dynamics (see Budd al. (2005); Buch & Lipponer (2005); Desai & Foley
(2006); Bursteinet al. (2008); Desaiet al. (2009); Contessi (2010, 2015); Kleinert al.
(2015); Zlate (2016), Cravino & Levchenko (2017), di Giovanret al. (2018), and Boehm
et al. (2019)).

The rest of the paper is organized as follows - Section 2 proposes a business cycle model
with heterogeneous rms, trade, and horizontal MP; Section 3 details the calibration
procedure; Section 4 provides the results and intuition, and Section 5 concludes.

2 Model

In this section, | develop a model of trade and horizontal MP with rm heterogeneity and
market access frictions. There are two countries denoted by Home and Foreign. Within
each country and each period, there are intermediate good producers of unit measure.
In nitely lived representative household chooses how much to consume and work and
to save given an array of state contingent internationally traded bonds. Shocks in a
particular period t are encapsulated in the terns;, while the history of shocks until that
period are given by the ses' = (Sg; S1; i1 St).

2.1 Households

| follow the Alessandria & Choi (2007) notation closely and denote variables correspond-
ing to Foreign with an asterisk. Households in Home maximize expected discounted
lifetime utility by choosing consumption, labor supply, and bond holdings.

XX [Cs) @ L) T

U(so) = max b (sjs
( 0) C(St);L(St);B(St) =0 St ( J O) 1

where is the discount factor, (s'jsg) is the conditional probability of s' given s,
C(s') is Home consumption,L(s!) is Home labor supply, and and are consump-
tion share in composite commodity and the intertemporal elasticity respectively. The
intertemporal budget constraint for this Home household is given by,

X
P(sHC(s)+  Q(s*js)B(s™) = P(s)W(s)L(s) + B(s)+ ( &)

st+l

where P (s!) is the price of aggregate nal goodQ(s'*!) is the price of state-contingent
bond B(s'*!) at time t, W(s') is the real wage, and (s') is the total pro ts of interme-
diate good producers owned by Home households. The Foreign utility function and the
budget constraint are de ned similarly usinge(s') as the nominal exchange rate between



the two countries. The Foreign household's budget constraint is,

X Q(s**js') B (s)
t t t+1y — t t t t
P (s)C (S)+SH1 o) B (s™)=P (s)W (s)L (s)+ o) + (s)
The rst-order conditions for the Home household are,
UL(St) _ t

Uc(s™) P(s)
Uc(s!) P(s'™)

whereW (s') is the real wage rate in Home an@(s!*!js') is the stochastic discount factor.

Q(St+1jst) - (St+1jst)

(2)

2.2 Final good producer

The Home nal good producer combines all the varieties available in Home. The produc-
tion function is given by,

z, I )
D(s)= ya(i;s) di  + yyi (i:8Y) di  +
=0 X (s)

z e
(1 h x) Yms (i;St) di

Mo(sh)
where D (s') the output of the nal good, yi(i;s!) is the intermediate Home variety sold
domestically, y,; (i; s!) is the intermediate variety exported from Foreign, andy. (i; st)
is the intermediate from Foreign multinationals produced at Home;, and 4 are home
bias and import share parameters;* (st)and M (s!) are respectively the set of varieties
exported and served by multinationals from Foreign. Note that both* (s') and F (s!)
are sets of Foreign varieties sold in Home, but the production location is di erent for
the two sets. Given the production function above, the elasticity of substitution between
two varieties from the same country isli; the elasticity between varieties from di erent
countries is .

Let Py(i;s'), Pn(s!), Py (s'), and Py (s') be the Home price of a Home-produced
variety i, the aggregate price these varieties, the aggregate price of Foreign exported
varieties sold in Home, and the aggregate price of Foreign multinational varieties sold
in Home respectively. Then the demand for a given variety from the Home nal good

hR i1 hr i1

SPa(sh) = g Pa(ish)Tdi , Pu(s) =
hr i1
M (st) me (lyst)ildl

X (st) PXf (last)ildl ’ me (St) =



producer is,

1
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where =1=1 ) 1=1 ) is the dierence in elasticities between domestic and
foreign aggregates. Since exporting involves an iceberg cost, an exporter's price is higher

D(s) (5)

compared to the case when it were to set up an aliate. Given everything else, this
implies that a rm faces higher demand if it were to conduct MP. Finally, the aggregate
price in Home is a combination of domestic, imported, and foreign a liate prices,

_1
1 1

P(sH= [ Pa(s) T+ & Pe(s) T+@ )T Pu(s) T (6)

2.3 Intermediate producers
2.3.1 Production function

The production function for the intermediate varieties at any given location is a Cobb-
Douglas combination of appropriate capital & labor inputs, and a TFP,

ya(i;s') = A%(i;sHK 2(i;sY) La(i;sh)?

where ya(i; s!) is the total output in mode a 2 f domestigD); export(X); MP (F)g,
for rm i with capital K?2(i;s!) and labor L2(i; s!).

Production by MP a liates: | assume that an MP a liate must purchase its capital
from the host market and that the purchase must be nanced by the parent. This is
achieved by selling a part of the parent entity's capital stock in the home nal good
market and purchasing the equivalent real exchange rate adjusted amount in the host
nal good market. For example, consider a rm that wants to split a total stock K of
capital between parent and a liate. Assuming that the rm wants to retain KP at the
parent location (KP is endogenous in the model), it liquidates KP in the home
nal good market, earningP (K KP) from this liquidation. It transfers this amount
abroad at the going exchange rate and purchases foreign nal good at pricé®? to be
deployed as a liate capital.® Therefore, by sellingk K P units of capital at home, the

rm can purchaseK" = £, (K KP)= % units abroad. Overall, this structure

6So there is transfer of nancial capital in the background when an MP a liate is operating, which
gets re ected in the capital account.



mimics foreign direct investment in the data where nancial capital from parent rms
nances purchase of locally produced goods as a liate capital. A liate production then
occurs with capital produced in the host country and a mix of home and host technologies
(the technology aspect will be clearer below). Production then must occur subject to the
following capital constraint for each rm:

KP(i;s")+ KX(i;sh) + qsh)KF(i;s")  K(i;s' 1) (7)

The objects on the left hand side of the above equation are denoted in the current time,
while the right hand side is in the last-period notation. This is simply to emphasize the
fact that a rm can choose today the capital it allocates to di erent activities (objects in
the lhs), but the capital stock itself was carried over from the previous period (the rhs).

The interaction of rm-owned capital and multinational production generates inter-
esting features that are the focus of this paper. Equation 7 assumes that capital market
must clear within each rm: if a rm then decides to be a multinational, its capital must
come from its parent entity and the sum of the parent's and a liate's capital must in
equilibrium equal the total capital a rm is born with. If, on the other hand, a rm
decides not to conduct MP, its problem is identical to that in rm-owned capital models
without MP, such as Alessandria & Choi (2007). This way of modelling rm owned cap-
ital and MP mimics the idea that multinationals have internal capital markets, which |
extend to a business cycle context®

A liate technology : The MP technology transfer is a combination of Cravino &
Levchenko (2017), Zlate (2016), and Contessi (2010). Cravino & Levchenko (2017) model
a liate productivity as a combination of aggregate and idiosyncratic components of par-
ent and a liate entities. For computational simplicity, | assume that idiosyncratic pro-
ductivity is transferred fully across borders as in Zlate (2016) and Contessi (2010). The
productivity term A (i; s'), wherej is the source country andk is the destination, there-
fore involves home and host aggregate and idiosyncratic components,

A (s =exp( Zj(s)+@Q  )Zu(sh+ (ish) (8)

where Z; (s') and Z(s") are home- and destination-speci c aggregate productivities re-

"Existing corporate nance literature points to two reasons why internal capital markets are optimal
for multinational rms: i. to move investments from lagging production units to more productive ones,
i.e, conduct \winner-picking", which improves the global diversi cation premium they can o er to their
investors (Stein (1997); Sturgess (2016)), and ii. to reduce dependence on external nancing when
nancial markets and underdeveloped and institutions are weak.

8 Alternatively, one can think of the rm capital to be an amalgam of tangible and intangible compo-
nents and technology capital. Helpman (1984), for example, models these components explicitly, where
the main feature is that technology capital is rm speci ¢ but can be used in multiple locations. While
I do not model technology capital and its accumulation, thinking of rm capital as an amalgamation
of tangible and intangible sub-components helps in rationalising how capital moves across countries at
business cycle frequencies in the model.



spectively, (i;s!) is the rm's idiosyncratic productivity, and is the technology share
parameter such that a fraction of parents' productivity spills over to the a liates.
Referring to the notation above, productivity by activities AP (i;s!) and AX (i;s!) are
obtained by settingj = k, while the MP a liate productivity ~AF(i;s!) is obtained by
plugging in appropriate values forj and k.

The aggregate productivities follow a vector auto-regressive process. In the matrix
form,

iri:d:

Z(s)= MZ(s' H+ (s); (s)" N(0;)

Where M is the matrix of AR1 parameters, and is the innovation to aggregate produc-
tivity, assumed to be i.i.d. across countries and over time. The rm speci ¢ productivity,
, is also distributed i.i.d. across rms and over time "¢ N(0; 2).

2.3.2 Costs

Because there are no additional frictions to serve the domestic market, all intermediate
rms serve the domestic market. However, rms must pay di erent xed and sunk costs if
they wish to serve the foreign market either by exporting or by conducting MP. | deviate
from standard quantitative trade IRBC models by allowing the costs to depend on past
MP and export statuses. Modelling the costs in this way allows me to calibrate exactly
to the observed transition rates between domestic, export, and MP statuses (I explain
calibration in detail in Section 3). Making costs dependent on past status helps to capture
the fact that it is di cult to transition in one go from domestic to MP status or vice versa.
This happens rarely in the data. In reality, rms use exporting as a \stepping stone" to
conducting MP; and exiting MP rms continue to export (Gumpert et al. (2020)). Note
that all xed and sunk costs are denoted in labor units in the country being served. Next,
| explain the xed and sunk costs in more detail.

Costs to export A continuing exporter pays only an export xed costF*. If the rm
served only the domestic market last period and wishes to export in the current period, it
must pay an export sunk cost{ in addition to the export xed cost FX. A last period
MP rm, similar to the last period domestic rm, must also pay incur both the export
sunk cost and the export xed cost if it wants to export in the current period, but it has
an advantage over the domestic rm owing to having already served the foreign market.
| assume that this advantage translates to costs in that the export xed and sunk costs
are lower by a factor . So a rm that conducted MP in the past and exports today
pays @ as export sunk and xed costs. In e ect, the parameter ¢, drives a cost

9Note that an MP rm gets this \discount" only in the rst period. In the subsequent periods, this
rm must pay the full export xed cost F{* if it wants to continue exporting. As a result, the model
delivers one period ahead transition rates in accordance with the data, but transition rates in the later
periods are not necessarily in line with the data. A richer cost structure will incorporate costs to vary
by age in a particular mode in addition to past status in that mode (see Gumpertet al. (2020)). Adding
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wedge between last period MP and non-MP rms that export today.

Costs to conduct MP. The xed and sunk costs of conducting MP also vary depending
on past status. A last period MP rm pays an MP xed costF{ to continue conducting
MP. A last period domestic rm pays an MP sunk costF} in addition to the MP xed
cost to set up a new a liate, so its cost isF{ + F{. A last period exporter, on account
of having served the foreign market, has an advantage in serving that market by MP.
In particular, its MP xed and sunk costs are lower by a factor of , so they pay
FE*Fl Ine ect, the parameter , drives a cost wedge between last period exporter

X

and non-exporter rms that conduct MP today.

2.3.3 Firm value

Total value of a rm i originating in Home is the sum of its discounted expected prof-
its across all activities. For a given period, rms' state variables are: 1. Idiosyncratic
productivity ( ), 2. Capital stock of the rm, 3. MP choice last period, and 4. The
aggregate macroeconomic conditions. Firms choose the markets to serve, the mode of
serving the foreign market conditional on the foreign market being served, optimal allo-
cation of capital across production units, quantity sold in each market, and the level of
investment. In the recursive form, rms' problem can be written as,

V(;K ((b;s 1);b;s) = max D(i;st);z m)z‘ (i;s") X(i;b;s)+ mF(i;s") F(i;b;s')
P(sHx(i;s") + Q(s™*jsHPr( YV ( K %mF%st*t) (9)

st+l 0

where is rm's idiosyncratic productivity, b2 f D;X;F gis last period status,m* (i; s')
and mF (i; s') are indicators that equal 1 if a rm i exports or conducts MP in the current
period, x(i; s') denotes investment. For every rm, the capital accumulation equation is
satis ed, and the capital equilibrium condition holds:

(1 OK(@G;st H+ x(i;s') = K(i;sh) (10)

KP(i;sh) + KX (i;s") + q(s)KF(i;s') = K(i;s' 1) (11)

The domestic, export, and MP pro ts, in terms of the Home currency are,

P (i;s") = Pu(i;sYyP(i;s')  P(sHW(sHLP(i;s") (12)

such a cost structure in the presence of aggregate shocks further complicates the model solution, and is
out of the scope of this paper.
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b (iib;s) = e(sHP7 (irs)y" (izs)  P(sHW(s)L™(i;s")
FX + Lo x FY

beF T l=F fx

e(s)P7(sHW7(s) i (13)

h
b (i:b;s) = e(s') Pr(i;sh)y" (i;s")

. FE+ lseF§
P (shW (s) LF(i;st)+ —t——2F70

lbsx + lo=F xf

(14)

whereb 2 f D; X; F g denotes last period status andy- , is an indicator that takes value
one ifbis equal toa.

2.3.4 Productivity cuto s and choices

Every rm produces in the domestic market, but the set of exporters and a liates is
endogenous. | denotey (s') and [ (s') as the export and MP productivity thresholds
respectively among rms with last-period statusb 2 f D; X;F g. | denote by VP (i;s!),
VX (i;s'), and VF (i; s') the values of a given rmi given its state variables by choosing
to serve only the domestic market, being exporter, and conducting MP respectively.
Formally, | de ne the marginal exporter, given MP status last-period, as the rm for
which value from serving only the domestic market is equal to the value from exporting:

VP( XK (b;S 1);mPsh)y = VX( XK (b8 Y);mF;sh) (15)

And for the marginal MP rm, given status last period, the value from exporting is equal
to the value from conducting MP:

VX EiK(b; 8 Y);mP;s)= V(| K(b;$ 1);mF;s!) (16)

2.3.5 Aggregation

Given the cuto s, the laws of motion for number of exporters and MP rms originating
in each country, N* (s') and NF (s!), can be written as,

X
NT(s) = [T ( FENINGS ) 17)
b2f D;X;F g
X
N*(s') = ( 56 (5 Ns'
b2f D;X;F g

where () is the cumulative density function of . Because the rms' idiosyncratic dis-
tribution is assumed to be i.i.d., rms' expectation of the future pro ts are entirely deter-
mined by their export and MP statuses in the current period and by their expectations of
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the aggregate shock next period. Consequently, every rm that has statls? f D; X;F g
today expects the same prot tomorrow (expectations about the aggregate state does
not depend on the state), and decides on the same level of capital stock for tomorrow
(denoted K (b; S)). The aggregate end of the period capital stock and investment can
then be written as, X
K (s!) = NP(sHK (b; g)

b2f D;X;F g
X(s)=K() @ IKE

The aggregates for labor demand, price indexes, and pro ts are derived in Appendix A.

2.4 Equilibrium

The equilibrium in the economy is a set of quantities of labofL (s'); L?(s!)g; consump-
tion fC(s!); C?(s')g; bond holdingsfB(s!); B?(s)g; investment fX (s); X ?(s))g; out-
put fD(s'); D?(s')g, capital choicesf K o(s!); KJ(s'); K1(s'); K7(s!)g, number of exporters
and aliates fNX(s');N*?(s!);NF(s');NF?(s!)g, aggregate protsf ( s'); ?(s!)g, and
pricesf q(s'); Pn(s"); Ps (s'); P2(s!); P7(sh); P(sY); P?(s); W(s!); W?(s!)g such that in each
country and in each period,

1. Households bond holdings rst order condition (FOC) and labor supply FOC are
satis ed

2. Households' budget constraints are satis ed
3. Firms' investment FOC holds
4. International bond market clears

5. Labor market, intermediate goods markets, and the nal good market clear in each
country

6. Marginal exporters and MP rms' conditions are satis ed
7. Firms' capital allocation equation 11 is satis ed for each rm

Mathematical derivations for the model equations are in Appendix A.

3 Calibration

The model is calibrated to mimic key features of MP in the United States at quarterly
frequency. | focus on MP rms' size and their transition rates. A list of the twenty one
model parameters and their values under the benchmark calibration are given in Table
1.
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Parameter Description Value

Parameters Source
Time preference 0.99 Annual return = 4%
Share of consumption 0.303  Alessandria & Choi (2007)
Inter-temporal elasticity 2 2 [1;5]
Capital share 0.36 2 [0:35;0:4]
Domestic elasticity 0.9 Alessandria & Choi (2007)
International elasticity 1/3 Alessandria & Choi (2007)

K Depreciation rate 0.025 2 [0:02 0:04]

M11, Moo Own persistence 0.95 Alessandria & Choi (2007)
M 12, M2q Cross persistence 0 Alessandria & Choi (2007)
12, 21 SE, aggregate shock 0.007  Alessandria & Choi (2007)
MP technology transfer 30% Assumed
Calibrated Targets

h Home preference 0.5897 MP empl. share = 26%

X Import preference 0.2142 Import share of GDP = 15%
F& Export sunk cost 0.1272 D to X trans. rate = 1.5%
F Export xed cost 0.0165 X to D trans. rate = 3.45%
FE MP sunk cost 1.3139 MP to D trans. rate = 0.09%
Fr MP xed cost 0.0386 MP to X trans. rate = 0.5%

xf Exporter MP advantage 2.92 D to MP trans. rate = 0.01%

fx MP rm export advantage 8.98 X to MP trans. rate = 0.22%

SE, idiosyncratic shock 0.6736 Exporter premium = 12-18%

This table lists model parameters, their value in the benchmark model, and how they are
calibrated. Data rm transition rates between domestic, export, and MP statuses are from

from Boehm et al. (2020). The MP employment share is from Antras & Yeaple (2014).
Exporter productivity premium is from Bernard & Jensen (1999).

Table 1: Benchmark Parameter Values

| set fourteen parameters based on their values in existing literature. Among the
demand side parameters, | set equal to 1+—1:4 so that the annual real returnr = 4%.
Consumption share in composite commodity, equals 0.303 and intertemporal elasticity
equals two as in Alessandria & Choi (2007). Capital share and the depreciation rate for
capital is standard across growth and business cycle literature:= 0:36 and ¢ = 0:025.
Domestic and international elasticity parameters, and , are set to 0.9 and 0.33; own
and cross aggregate shock persistence parameters are 0.95 and zero respectively; and
the standard errors of the innovation to aggregate shocks are set to 0.007, all following
Alessandria & Choi (2007). For the technology transfer parameter, the closest estimate
is from Cravino & Levchenko (2017), but their model does not map one-to-one with the
model in this paper. In the baseline, | assume = 30%m, which is the midpoint of 20-
40% estimated in Cravino & Levchenko (2017), and compare the results with technology
transfer shut down ( = 0).

The nine remaining parameters are calibrated to jointly match nine moments in the
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data. In particular, I target: i. MP employment share equal to 26%, import to GDP ratio
equal to 15%, exporter productivity premium relative to domestic rms equal to 15%,
and six transition rates between domestic, exporting, and MP statuses. MP employment
share is from Antras & Yeaple (2014), imports to GDP ratio is from post-war US data
until 2016, and the exporter productivity premium is from Bernard & Jensen (1999). The
six rm transition rates are from Boehm et al. (2020)1° Table 2 shows that the model
mimics these key moments in the data.

4 Results

In this section, | discuss the results from the quantitative exercises. | begin by discussing
how macro moments change when MP is allowed and then discuss the mechanisms. Table
3 lists the macro moments of interest under di erent model scenarios and lists the data
values of these moments. The numbers reported in Table 3 are averages across 1000 sim-
ulations where each variable is HP Itered with a smoothing parameter of 1600. Figures

1 and 2 are useful for understanding the mechanisms.

Moment Target  Model
MP employment share 26% 26%
Import share of GDP 15% 15%
D to X transition rate 1.5% 1.5%
X to D transition rate 3.45% 3.45%
MP to D transition rate 0.09% 0.09%
MP to X transition rate 0.5% 0.5%
D to MP transition rate 0.01% 0.01%
X to MP transition rate 0.22% 0.22%

Exporter productivity premium  12%-18% 15%

Table 2: Calibration - Model and the Data

Aggregate variables . Columns 2 and 3 of Table 3 list the values of aggregate
international business cycle moments under the benchmark MP calibration and the no-
MP model. For the no-MP model, | re-calibrate Alessandria & Choi (2007) to match the
exporter transition rates that are used in the MP model. Data values for the US (taken
from Kehoe & Perri (2002)) are in column 1. | focus on business cycle moments related to
output, consumption, investment, employment, net exports, and real exchange rate. For
these variables, | report their standard deviations, correlations with output, persistence,
and international correlations where appropriate.

Volatility . The standard deviations of all the variables except consumption and real
exchange rate are higher in the benchmark MP calibration than in the no-MP model.

101 describe my calculations in Appendix B. Boehmet al. (2020) report average annual transition
probabilities for US rms and foreign multinationals operating in the US calculated over 1993-2011. |
account for exit while calculating the transition probabilities.
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The volatility of output (I use output volatility as a reference to understand impact of
MP) is higher in the MP model by thirteen percentage points. | simulate two sets of
models to approximate the contribution of MP extensive margin. | rst simulate my
MP model with all the cutos xed to their steady state values (model one for quick
reference); a xed cuto s no-MP model shows little to no change in outcomes compared
to the full no-MP model (columns six and seven). | then simulate a model where only
the MP cuto s are allowed to vary (model two). The di erence in outcomes between
model two and model one approximates the role of MP extensive margin. Note that
there is still entry and exit even with all the cuto s xed because of changes in rms’
idiosyncratic productivities and due to aggregate shocks. The MP extensive margin in
e ect here is largely due to a modelling assumption{ the Alessandria & Choi (2007)-based
assume rm productivity to be i.i.d. across rms and over time. In reality, given that
rm productivities likely exhibit some degree of persistence, the likelihood of a change in
a rm's status purely based on rm level shocks will be lower. In model two rms' status
change due to change in MP cuto sin addition to the factors above. The dierence
between in outcomes between the two models therefore places a lower bound on the
role of MP extensive margin. | nd that at least 23% of the total increase in volatility
between no-MP and MP models is coming from this component. Model one accounts for
ten of the thirteen points increase in output volatility (column seven) between no-MP
and benchmark MP models. This shows the strength of MP extensive margin driven by
the i.i.d. productivity assumption. Between the models in column seven and eight output
volatility is higher by three percentage points, meaning that 23% of the total increase in
volatility between no-MP and MP models is coming from model two.

Technology transfer One issue with the simulations above is that technology transfer
via multinationals a ects aggregate outcomes in two ways. First, it a ects the MP-export
trade-o and reduces the volatility of MP cutos. Second, it directly a ects foreign
productivity on account of the fact that a liate production takes place in that country.

If the second channel is quantitatively important, a part of the contribution attributed

to uctuations in MP cuto s above could be coming from the impact of higher on
foreign productivity. In columns nine and ten, | account for this by simulating models
one and two above with = 0. Out of the total increase in output volatility of twenty
percentage points between no-MP and MP model with = 0 (columns three and ve),
three percentage point increase (or 15%) is due to endogenous MP cuto s. As suspected,
uctuations in MP cuto s contributes less to total increase in volatility when =0 even
though the cuto s uctuate more. | take this as the main estimate of the impact of MP
extensive margin. It is likely to be higher in the data given that rm productivities,
although not i.i.d., are not permanent either.

Domestic correlations Among the domestic correlations, the MP model generates
identical results except for net exports and real exchange rate. There is a larger negative
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Data MP No MP No Tech. Fixed Cuto s

Transfer
=05 = 0.67 (NoMP) (MP) (MP ?) (MP) (MP ?)
(=0 ( =0) ( =0)
(1) 2 3) 4 (5) (6) ] (8) 9) (10)
Standard deviation (in percent)
Y 1.72 1.42 1.29 1.30 1.49 1.29 1.38 1.41 1.45 1.48
nx 0.46 0.24 0.17 0.17 0.27 0.15 0.19 0.21 0.21 0.23
Standard deviation (relative to output)
C 0.79 0.34 0.35 0.35 0.33 0.35 0.34 0.33 0.34 0.33
X 3.25 3.44 3.36 3.37 3.47 3.30 3.44 3.39 3.48 341
L 0.85 0.48 0.46 0.46 0.49 0.46 0.46 0.46 0.46 0.47
q 2.81 0.31 0.32 0.32 0.34 0.33 0.32 0.31 0.36 0.34
Domestic Correlations with Output
C 0.83 0.95 0.95 0.95 0.95 0.95 0.95 0.94 0.95 0.95
X 0.93 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
L 0.85 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
nx -0.38  -0.63 -0.51 -0.51 -0.67 -0.50 -0.59 -0.62 -0.63 -0.66
q 0.16 0.65 0.57 0.57 0.69 0.57 0.63 0.65 0.68 0.69
g, NX 0.07 -0.67 -0.52 -0.51 -0.70 -0.50 -0.64 -0.65 -0.66 -0.68
Persistence
Y 0.87 0.70 0.69 0.69 0.71 0.69 0.69 0.70 0.7 0.7
C 0.91 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73 0.73
X 0.84 0.71 0.68 0.68 0.71 0.68 0.70 0.70 0.71 0.7
L 0.95 0.70 0.68 0.68 0.71 0.68 0.68 0.69 0.69 0.69
nx 0.9 0.76 0.72 0.72 0.76 0.71 0.71 0.72 0.72 0.72
q 0.81 0.78 0.79 0.79 0.77 0.78 0.77 0.78 0.76 0.77
International Correlations
Y 0.51 0.01 0.19 0.20 -0.10 0.2 0.06 0.01 -0.05 -0.09
C 0.32 0.44 0.54 0.54 0.32 0.54 0.47 0.45 0.34 0.34
X 0.29 -0.21 -0.01 -0.01 -0.30 0.03 -0.16 -0.18 -0.27 -0.27
L 0.43 -0.09 0.20 0.20 -0.20 0.20 0.02 -0.05 -0.09 -0.15

?: column seven contains results from a simulation where | x all export cuto s to their steady

state values, but the MP cuto s are endogenous. This isolates the e ect of the extensive margin
of MP compared to a no-MP Alessandria & Choi (2007) model with xed cuto s (column ve).

Table 3: Comparison of Business Cycle Statistics

shock to net exports in response to a positive aggregate shock at home, which leads to
a larger negative correlation between output and net exports. The real exchange rate
depreciates more, so its correlation with output is more positive. Like in the case of
volatility, a big part of these changes can be explained by just adding MP into the trade
model (column six and seven).

Persistence The MP model generates small increases in persistence of output, invest-
ment, and employment and a slightly higher increase in the persistence of net exports.
The persistence of output, investment, and employment are all higher by one percentage
point. Persistence of net exports increases the most (four percentage points). Persistence
of consumption is unchanged while that of real exchange rate increases by two percentage
points not in accordance with the data.

International correlations. Finally, | report the international correlations of output,
consumption, investment, and employment. Correlations of all of these variables are lower
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in the MP model. In the case of consumption, however, the fall in correlation makes the
model more in line with the data. However, the fall in correlations of output, investment,
and employment makes the model less aligned with the data.

Overall, these results contribute to the literature that show that rm extensive mar-
gins have signi cant impact on business cycle uctuations, and it shows why MP extensive
margin isspecial{ when a rm enters or exits MP status, there is actual relocation of pro-
duction and capital which leads to a bigger jump in GDP. Liao & Santacreu (2015) make
the argument for a signi cant role for extensive margin in a model with only exporters.
The fact that exporter extensive margin does not play a big role in my simulations is
rather a model feature- Alessandria & Choi (2007) show that low markups and love for
variety make the exporter dynamics matter very little for the aggregates. My MP model
model is built on Alessandria & Choi (2007) and is calibrated similarly, which explains
why exporter dynamics plays a small role, if any* On the other hand, MP extensive
margin plays a signi cant role in spite of the low markups and love for variety. In a
broader sense, my results tell us that MP extensive margin can play a rafeaddition to
the exporter extensive margin as in Liao & Santacreu (2015).

Sensitivity Test

Firm productivity distribution . It is possible that increase in volatility is driven by
the fact that the rm productivity () is more dispersed in the MP model compared to
the no-MP model. The standard deviation of productivity in the MP model is 0.67 where
as in the no-MP Alessandria & Choi (2007) model it is 0.5. This is purely an outcome of
the calibration exercise. With higher , rm idiosyncratic shocks could impact outcomes
more. To test this, | simulate the no-MP model with = 0:67 (column four). All the
macro variables look nearly identical to their counterparts in column three, meaning that
the di erences between the no-MP and the MP models are not due to higher in the
MP model.

4.1 Channels

The previous section showed how entry and exit of rms, in particular that of MP rms,
impacts business cycle moments. In what follows, | explain this channel in the context
of all the channels that a ect aggregate dynamics.

There are three channels in the benchmark model that a ect IRBC dynamics. Con-
sider responses by variables to a positive aggregate productivity shock in Home. First,

1Endogenizing exporter cuto increases output volatility by one percentage point in the MP model.
In column eight, | allow for MP cuto s to change but the exporter cuto s are xed. The full model with
where all cuto s vary is in column two. The di erence in output volatility between the two columns is
attributable to varying exporter cuto s.
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Figure 1: Impulse Responses for the MP and No-MP Models

there is an in ow of MP rms into the country that experiences an aggregate technol-
ogy improvement (Home){ there is an increase in Foreign rms' a liates and a drop in
Home rms' aliates abroad. In other words, MP exit is pro-cyclical. As these rms
bring in capital, there is an in ow of physical capital to Home. This is the novel \re-
source transfer" channel via multinationals. Home output expands both because there is
greater economic activity with more resources (i.e., capital) with MP rms' technology,
and because of the greater number of varieties being produced. Under the benchmark
calibration, there is a small decrease in the mass of Home owned a liates in Foreign,
and a bigger 0.4% increase in the mass of Foreign owned a liates in Home. The no-MP
economy, by de nition, does not generate any variation in the number of a liates, so the
dashed impulse response lines in sub- gure six Figure 1 is at at zero.

The increase (decrease) in Foreign (Home) a liates in Home (Foreign) is driven by
both static and dynamic factors. The Foreign rms pay higher xed cost compared to
export xed cost (and new a liates pay sunk cost in addition to that), but they are
compensated for by higher operational pro ts due to more favorable terms of labor in
Home. To show this more clearly, | plot Home terms of labor de ned as the e ective wage
rate in Foreign relative to Home. An increase (interpreted as a depreciation) implies an
increase in the relative cost of producing in Foreign. It captures the wage di erential
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as experienced by a Foreign rm contemplating between exporting from Foreign versus
conducting MP:

_ gsHW(S)  Z(s)
S Z(SY W(s")

Sub- gure four of Figure 1 shows Home terms of labor to improve by nearly 0.33%
upon impact. This discourages rms from producing abroad to sell in Home. As a
result, fewer Home multinationals want to continue operating a liates abroad and more

ToL

Foreign rms want to set up aliates in Home. In addition to improving the static

pro ts, new Foreign multinationals see a bene t in incurring the MP sunk cost when it

is cheaper to do so. The associated fall in MP entry and exit cuto s in Foreign increase
the chances of staying on as a multinational in the future, so the value of conducting
MP increases. Given everything else, this leads to greater increase in Home output and
a smaller increase in Foreign output, resulting in lower output comovement. In addition,
because rms relocate, the volatilities of macro variables are higher.

MP extensive margin versus technology transfefhe impact of the two forces can be
summarized as follows. Compared to the no-MP model, the MP extensive margin makes
macro variables less correlated across countries and more volatile; technology transfer
dampens this channel. Referring to the Home aggregate shock above, on the one hand,
exporting (MP) is more attractive for Home (Foreign) rms relative to MP (exporting)
as Home e ective wage rate falls. On the other hand, technology transfer makes MP (ex-
porting) more attractive as Home (Foreign) rms can carry their productivity advantage
(disadvantage) abroad. The impact on the number of MP rms is a result of these two
opposite forces. In the net in the calibrated model, technology transfer channel is not
powerful enough to overcome the cheaper production cost in Home. In a business cycle
sense, there is greater volatility in the number of rms and capital stock in each country
which translates to greater macroeconomic volatility.

Second, like in the trade models, entry and exit of exporters contributes to comove-
ment (solid lines in sub- gure ve, Figure 1) but this channel is weaker in the MP model.
The number of Home exporters increases because cheaper production costs and higher
productivity increase their prots abroad. Consequently, high productivity domestic
rms and low productivity MP rms now turn to exporting. Foreign rms on the other
hand benet from an increased demand from Home which su ciently counteracts their
productivity de cit. The increase in mass of Home exporters means that the foreign nal
good producer has more varieties to choose from. As shown in Liao & Santacreu (2015),
this \variety-e ect" is quantitatively important and contributes to an increase in Foreign
output. The no-MP model generates qualitatively the same dynamics of the mass of
exporting rms as in the benchmark case{ both Home and Foreign see an increase in the
number of exporters.
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