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1. Introduction

While the literature on trade finance is extensive the implications
of trade finance for business cycle fluctuations in macroeconomic
models remain understudied. This omission is conspicuous given the
fact that open-economy models that are commonly used for pol-
icy analysis and forecasting typically give a central role to inter-
national trade. Indeed, trade is the primary and in some cases the
only channel through which shocks can be transmitted across coun-
tries in these models/ This paper studies business cycle implications
of trade finance through the lens of an estimated two-country New
Keynesian dynamic stochastic general equilibrium (DSGE) model.

The term “trade finance” is used in the literature to describe
a number of different financing arrangements. These include direct
lending by banks to the exporter and/or the importer, interfirm
trade credit, open account (i.e., post-delivery payment), or cash in
advance§ Recognizing that all these mechanisms involve at least
one of the parties engaging in borrowing at an interest rate that is
potentially affected by changes in monetary policy, trade finance in
the paper is introduced by augmenting the cost channel of monetary
policy. While there exists a sizable literature that studies different
aspects of the cost channel of monetary policy, including extensions
to open-economy settings (see, for instance, Gertler, Gilchrist, and
Natalucci 2007 and Gilchrist 2003), these models do not distinguish
between the external finance dependence of international and intra-
national trade, a distinction that the international trade literature
has strongly emphasized. This paper models this distinction and
shows that it is important not only quantitatively but also quali-
tatively in terms of the sign of the effects that the cost channel of
monetary policy can generate.

'Bekaert and Hodrick (2017) identify trade finance as the “fundamental prob-
lem in international trade.” According to the estimates of the Committee on the
Global Financial System (CGFS), $6.5-8 trillion worth of bank-intermediated
trade finance was provided during the year 2011, which, at around 10 percent of
global gross domestic product (GDP) and 30 percent of global trade, is a fairly
sizable number in itself, even though it does not include letters of credit and
other forms of trade finance not explicitly involving bank loans.

2See, for instance, Christiano, Eichenbaum, and Evans (2005) and Smets and
Wouters (2003).

3See Ahn, Amiti, and Weinstein (2011) and Schmidt-Eisenlohr (2013).
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The standard cost channel of monetary policy typically ampli-
fies the output effect of domestic shocks that hit the economyl On
the other hand, this paper shows that the cost channel when com-
bined with trade finance can either amplify or mitigate the effects
of shocks. Consider a monetary contraction in the home economy;,
which leads to a fall in domestic aggregate demand and prices. If
importing firms are constrained to borrow at their respective home
interest rates, then foreign imports into the home country become
more expensive, whereas imports into the foreign country (i.e., home
exports) become cheaper for foreign consumers, leading to a higher
demand for the latter and a lower demand for the former. As a result,
the trade finance plays the role of cushioning the effect of the original
monetary contraction on home output. If on the other hand export-
ing firms (instead of importing firms) are financially constrained and
borrow in their domestic interest rate, then the trade finance con-
straints can amplify the effect of the monetary contraction on home
GDP in the example just described.

Elaborating on these points, the first part of the paper focuses
on studying the impact of trade finance on the transmission mecha-
nism of monetary policy shocks through simulations under alter-
nate scenarios. It illustrates how the effect depends critically on
parameters characterizing the trade sector in the model, includ-
ing the degree of price stickiness (and asymmetry across coun-
tries in this parameter) and parameters quantifying the external
finance dependence of trade flows. Various sources of this asym-
metry are identified and their implications are explored. Moreover,
because monetary policy has both an exogenous and endogenous
component, these additional features not only affect the propaga-
tion of monetary policy shocks themselves but also the propaga-
tion of all other shocks via the endogenous component of monetary
policy.

The general nature of the implications that emerge from the
model can be summarized under two polar scenarios depending on
whether the countries are symmetric with respect to each other in
regard to their external sectors. External sectors could differ due
to the degree of external finance dependence, price flexibility, and

4See, for instance, Barth and Ramey (2002).
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currency denomination of trade finance contracts, all of which in
turn could be functions of the nature of export bundles of countries.
When the external sectors are symmetric across countries, incorpora-
tion of trade finance leads to sharp movements in trade volumes but
has negligible impact on GDP. When global interest rates are high,
international trade becomes more expensive, which leads to higher
import prices for both countries. Both countries shift away from
imports and towards their respective domestically produced goods
in such a way that the net effect on the GDP of both countries is
minimal. On the other hand, when countries are asymmetric in any
of these dimensions, the demand shifts do not offset one another, and
trade finance can significantly alter the response of GDP to various
shocks that hit the economy.

Given that these parameters play a critical role in affecting busi-
ness cycle fluctuations and for the most part extant literature is not
very informative on their values, uncovering values of these parame-
ters and relative differences across trading partners is likely to be
a fruitful avenue for future research. The second part of the paper
takes the first step in this direction by estimating a two-country
DSGE model with trade finance using data from two regions that
constitute one of the largest trading relationships in the world—the
United States and the euro zone (EZ). The focus of the estimation
exercise is threefold: (i) parameter estimation, (ii) model compar-
ison, and (iii) a quantitative analysis of the role played by trade
finance in business cycle fluctuations. Regarding parameter estima-
tion, the estimates reveal asymmetries in the degree of price sticki-
ness in imports between the United States and the European Union
(EU). In particular, retail prices of U.S. imports are found to be
more flexible than their European counterparts.

While open-economy macro models typically give a central role
to international trade, by omitting trade finance they ignore an
important feature of international trade which has been shown to be
important in the trade literature. How significant is this omission,
and should there be a move towards incorporating models involv-
ing trade finance? To this end, estimation of different versions of
the model (in particular, ones with and without trade finance) pro-
vide strong evidence in favor of models incorporating trade finance
and show that trade finance is indeed quantitatively important in
accounting for business cycle fluctuations.



Vol. 17 No. 4 International Trade Finance and the Cost Channel 121

The model makes the simplifying assumption that exporters and
importers are not allowed to switch between sources of funding in
response to shocks. While there is an extensive literature document-
ing that firms’ sources of funding are sticky, some recent studies
focusing specifically on international trade finance have found that
that exporters and importers do indeed change their sources of fund-
ing in response to shocksf The implications of such switching are
discussed below, while modeling optimal funding choice remains a
fruitful avenue for future research.

The remainder of this paper is organized as follows. Section 2
begins with a brief literature review. Section 3 lays out the main fea-
tures of the model and discusses the equilibrium conditions. Section
4 presents a calibration- and simulation-based exercise to illustrate
different features of the model. Section 5 undertakes Bayesian esti-
mation of the model, and section 6 concludes.

2. Related Literature

This paper is linked to several different strands in the literature at
the intersection of macroeconomics, monetary economics, and inter-
national trade. The incorporation of credit constraints in this paper
is motivated by the extensive empirical literature on trade finance
and its link to monetary policy. This literature has documented—
across countries and time—the higher reliance of international trade
on external finance compared with intranational trade. Ju, Lin, and
Wei (2013) employ a large bilateral sector-level trade data set for
the years 1970-2000 to study the effect of monetary policy tight-
ening on export behavior. They find that the sectors relying more
on external finance are disproportionally largely affected by mon-
etary tightening, and that the exporting behavior is affected more
than domestic sales. Using monthly data on U.S. imports, Chor and
Manova (2012) find that the United States imported less from coun-
tries with higher interest rates and tighter credit conditions. Using a
panel of 91 countries from 1980 to 1997, Manova (2008) shows that
equity market liberalizations are positively associated with higher
exports. Manova, Wei, and Zhang (2011) report similar results using

®See, for instance, Antras and Foley (2015), Demir and Javorcik (2018), and
Garcia-Marin, Justel, and Schmidt-Eisenlohr (2019).
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firm-level data from China. Based on survey data from Italian manu-
facturing firms, Minetti and Zhu (2011) report that credit rationing
affects international sales more than domestic sales. Using a detailed
matched firm-level data set for banks and firms in Japan, Amiti
and Weinstein (2009) find that the health of the banking sector is
much more influential in determining exporting behavior of firms
compared with their domestic sales.

On the theoretical front, several explanations for this phenome-
non have been explored in the literature. The most common expla-
nation hinges on the fact that international shipments take more
time than domestic shipments (both travel time and time taken
for documentation and clearances)ﬁ which implies that producers
have to incur costs of production much before revenues are obtained.
Feenstra, Li, and Yu (2014) provide a theoretical model incorporat-
ing these ideas. International trade is also likely to be more inten-
sive in external finance because of higher information asymmetries
associated with cross-border transactions.

Recognizing the need for trade finance, there is also a grow-
ing literature on the optimal financing arrangement. In theoretical
frameworks, Ahn (2014) and Schmidt-Eisenlohr (2013) study how
the optimal financing arrangement depends on the financial mar-
ket characteristics of both the source and the destination country.
Ahn, Khandelwal, and Wei (2011), Hoefele, Schmidt-Eisenlohr, and
Yu (2016), and Niepmann and Schmidt-Eisenlohr (2017) test the
occurrences of different financing arrangements in the data against
these theories and find the evidence to be broadly consistent. Cus-
tom data suggest that open account is the dominant financing form,
with a share of around 80 percent of trade reported for Turkey, Chile,
and Colombia in Ahn, Khandelwal, and Wei (2011) and Demir and
Javorcik (2018)E For the United States, Antras and Foley (2015)
also find a large role for cash in advance when looking at the
transaction-level data from a U.S. exporter of frozen and refrigerated
food products.

5See Djankov, Freund, and Pham (2006) and Hummels and Schaur (2013).

"This share, although high, is still less than estimates of the share of open
account in domestic transactions in advanced economies. Ellingsen, Jacobson,
and von Schedvin (2016), for instance, find the open account share to be close to
100 percent for domestic transactions in Sweden.
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An alternative to bank-intermediated trade finance is trade
credit, or the direct extension of credit between buyers and sup-
pliers. Although the two are substitutes and one would expect firms
to turn from bank-intermediated trade finance to trade credits, the
evidence supporting this hypothesis is mixed §

In its exploration of the role of the cost channel of monetary
policy in open-economy settings, the paper has several precedents
in the closed-economy literature. Using industry-level data from the
United States, Barth and Ramey (2002) provide compelling evidence
in favor of the cost channel of monetary policy. Dedola and Lippi
(2005) report similar conclusions based on a richer data set con-
taining information on 21 manufacturing sectors from five OECD
countries. Ravenna and Walsh (2006) highlight the presence of the
cost channel on the basis of parameters estimates based on their
estimation of the Phillips curve for the United States. They also
provide a characterization of the optimal monetary policy problem
in the presence of these cost side effects. In advanced economies
monetary policy is primarily conducted via open market operations
which affect the balance sheets of banks directly. If cost side effects
of monetary policy are present, one would expect countries with
bank-based systems to be more sensitive to monetary policy shocks.
This is exactly what Cecchetti (1999) and Kashyap and Stein (1997)
find. Moreover, based on joint BIS-IMF-OECD-World Bank statis-
tics on external debt, Auboin (2007) documents that 80 percent of
the providers of trade finance are private banks

The paper also builds on ideas developed in the literature on ver-
tical specialization and multiple-stage production. Huang and Liu
(2001, 2007) and Wong and Eng (2013) are among the many papers
that have used these features to explain various empirical stylized
facts that standard models have difficulty accounting for. This paper
builds a model that would allow multiple-stage trade intermediation
to act as an amplification mechanism for shocks due to borrowing
constraints. Similar ideas incorporating liquidity constraints have

8See Asmundson et al. (2011) and Choi and Kim (2005) as two examples of
the mixed evidence.

°In the Lehman bankruptcy 6 of the 30 largest unsecured claims against
Lehman were letters of credit.
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been applied in a closed-economy setting by Bigio and La’O (2013)
and Kalemli-Ozcan et al. (2013).

3. Model

The model in this paper builds on the framework used in Gali and
Monacelli (2005) and Lubik and Schorfheide (2006), which in turn
fit into the New Open Economy Macroeconomics (NOEM) para-
digm of Obstfeld, Rogoff, and Wren-Lewis (1996) 11 In particular,
it builds on Lubik and Schorfheide (2006) by modeling a cost chan-
nel of monetary policy and allowing for trade finance and multiple
stages in production of exports. Apart from these features (which
are limited to the import-export sector), the rest of the model is
identical to Lubik and Schorfheide (2006).

The world economy is assumed to comprise two countries of
equal size. Households have preferences over domestic and foreign
goods and supply labor to firms. There are two sets of firms in each
economy—production firms and trade firms. Prices are assumed to
be sticky in both the domestic and import sector. The monetary
authority uses the short-term nominal interest rate as its instru-
ment. For brevity, only the home economy is described in detail
below. The foreign economy is assumed to be isomorphic.

3.1 Households

The household side of the economy is characterized by a representa-
tive consumer with preferences over consumption and leisure given
by the following utility function:

1 (Ch—HM\' 1 ,
vchat N = 2 () e

Here CJ' is consumption, N} is the labor supply, and
H} (=xC!I,) is the habit stock going into period t. A; is a non-
stationary worldwide productivity shock which evolves according
to

Ay =Zy (A1) . (2)

198ee Lane (2001) for a survey of the NOEM literature.
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Zy is an exogenous component and v denotes the trend growth rate of
world productivity. Agents are thus assumed to derive utility from
effective consumption relative to the level of global technology
Preferences are characterized by internal habits

There is a constant elasticity of substitution (CES) aggregator
for CJ:

n—1

n=1 , =11 771
ch=|a-ap @ vab (@) T e

Here CM and th " denote the home- and foreign-produced com-
ponents in the consumption bundle of country h. n is the elasticity
of substitution between domestic and foreign aggregates and « para-
meterizes the home bias in consumption. The associated price index,
which is also the consumer price index (CPI) in the home country,
is given by

. _ 1—n 1%71
Pl = [(1 —a) (Bt a (Ptf h) ] : (4)

where P/ and Ptf " denote the domestic and import price indexes for

the home country. The bundles C** and C,fc " in turn are CES aggre-
gates combining different home- and foreign-produced varieties,

—€_
e—1

cfhz[/cm)%ldj] ,c{h:[/cf"%j)%ldj] )
J J

where € is the elasticity of substitution across different varieties
produced in the same country.
The associated price indexes are as follows:

1
1—e

Pl — [ / Pﬁ%)“dj] T [ / Ptfhu)“dj] G

" This assumption is made to ensure that the model has a balanced growth
path along which hours worked are stationary, as is the case in the data.

12YWith a representative agent, internal and external habit formulations yield
almost identical dynamics. Using micro data, Ravina (2007) argues that the
evidence in favor of internal habits is stronger than external habits.
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PP (i) and P/"(j) denote the prices paid by home consumers for
imported varieties ¢ and j, respectively. Markets are assumed to
be complete, so that households can trade in a complete set of
state-contingent securities in order to smooth consumption fluctua-
tions. While the complete-markets assumption is a strong one, it is
used extensively in the literature, and incomplete markets have been
shown to generate only minor departures from the complete-markets
benchmark (see, for instance, Schmitt-Grohé and Uribe 2003.)

In the presence of complete markets, the household budget con-
straint is as follows:

Pth,cpicth i /Nt7t+1(5)D?—|—1(8) < WthN[L + Df + Tth, (7)

s

Dy denotes the amount of state-contingent securities purchased by
households at price pt ¢41(s) which yield one unit of nominal pay-
off at time t + 1 if state s is realized. W; is the nominal wage, and
T; denotes lump-sum transfers to households. These comprise net
transfers from the government as well as dividends from firms and
financial intermediaries.

Although as a simplification I model a cashless economy with
no explicit mention of money, implicitly there is assumed to be a
time-invariant one-to-one relationship between the nominal interest
rate and money demand which the central bank can exploit to set
the desired nominal interest rate by changing money supply.

As a further simplification, wages are assumed to be flexible and
the monetary non-neutrality is induced solely via price stickiness. In
a closed-economy setting, Smets and Wouters (2007) show that price
stickiness is more important in explaining fluctuations in the U.S.
data compared with wage stickiness. Wage stickiness is nevertheless
introduced in standard models to provide a “cost-push shock.” In
this model, however, the working capital constraints on firms play
that role. That said, the main results of the model are robust to the
introduction of wage stickiness[1

13 Appendix A extends the model with sticky wages. The main empirical results
are unaffected by this extension. It is pertinent to note that the decision to ignore
stickiness in wages is made explicitly based on its limited contribution to a model
like the one that is being built here. There is strong evidence in favor of wage
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The first-order conditions characterizing the household problem
are as follows:

Ch . Hh —Tc
At)‘? = <(tAtt)> — xVBE;

At <(C[L+l — Hi{l—i-l))_gc
At+1 At+1

(8)

g Wh
(Nf)7= = A Ph,ipi (9)

t

AP, PP 1
BE, | 7Lt | = — = ;. 10
e TR o

AP is the Lagrange multiplier associated with the budget constraint,
which also captures the marginal utility of consumption. Equation
(8) is the standard Euler equation with internal habits in consump-
tion. Equation (9) is the labor supply condition which equates the
marginal disutility from work to the increase in income, and equa-
tion (10) gives the price of state-contingent bonds, which also equals
the inverse of the equilibrium gross nominal interest rate. Note that
equation (10) uses the assumption that the state-contingent bonds
are denominated in the home currency. This is without loss of gen-
erality, and the corresponding equation for the foreign country is
given by

b phert g, 1
O = —= = Utt+1- (11)
NP o | B

E; denotes the nominal exchange rate, i.e., the price of foreign
currency in terms of home currenc Equations (10) and (11) can

stickiness in the form of downward nominal rigidity, and this has first-order impli-
cations for open economies—see, for instance, Schmitt-Grohé and Uribe (2011).
However, the solution technique used in this paper involves linearization around
a deterministic steady state and is neither equipped to deal with large shocks nor
with asymmetries like one-sided wage rigidity, so these considerations are beyond
the scope of the present paper.

“Note that as defined here, an increase in the nominal exchange rate corre-
sponds to a depreciation of the home currency.
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be used to show that the uncovered interest rate parity condition
holds up to a first order.

E
RQ_R{Et( gl> (12)
t

3.2 Firms

The production side of the economy is characterized by a continuum
of atomistic firms, each of which produces a differentiated product.
Labor is the only input in production and the production function
of the generic firm is given b

Y/(j) = A ARN](H). (13)

Here A; is a common worldwide technology component and A?
is a country-specific stationary technology shock. Following Chris-
tiano, Eichenbaum, and Evans (2005), I assume that firms operate
under a working capital constraint and are required to borrow funds
at the nominal interest rate to pay a fraction of their wage bill 19
The cost function of the firm is thus given by

5#(]) = RZ,tWth}/;h(j)7 (14>

where R%t is the firm’s total interest rate factor. I assume that a
fraction u'Ll of the wage bill has to be financed by intraperiod bor-
rowing, which gives the following relationship defining the external
financial dependence of goods-producing firms:

RY, = (hRE+1-ub). (15)

15The model abstracts from capital mainly for simplicity. This assumption is
not uncommon in the New Keynesian literature. Another reason for excluding
capital is that the introduction of cost side effects of monetary policy on invest-
ment interferes with stability and model indeterminacy as emphasized by Aksoy,
Basso, and Martinez (2012).

'6This is a standard channel via which a cost channel for monetary policy can
be introduced. See Barth and Ramey (2002) for intra-industry evidence on the
cost channel and Ravenna and Walsh (2006) for a theoretical exploration and
more empirical evidence.



Vol. 17 No. 4 International Trade Finance and the Cost Channel 129

u}LL = 0 corresponds to the case with no working capital con-

straints, whereas u/? = 1 corresponds to the case that is considered
in most papers that model the cost channel, including Christiano,
Eichenbaum, and Evans (2005) and Ravenna and Walsh (2006).

The market structure is assumed to be monopolistically compet-
itive. Each producer producing a distinct good faces an elasticity of
demand e. Prices are assumed to be sticky and pricing contracts
are staggered according to the mechanism in Calvo (1983) In
each period each firm has the opportunity to reoptimize and set
its price with probability (1 — 6p,). The firms that do not optimize
their price are assumed to keep their price unchanged from the pre-
vious period Conditional on having the opportunity to reset its
price in period t, firm j would reset its price in order to maximize a
discounted value of its lifetime future expected profits conditional
on the prices remaining the same. The associated maximization
problem is given by

o0

Pl (j)" = ArgmazBEy | Y (0" Q4 [PPG) Y G) — 210 G)] |
k=0

where the demand function for each firm is as follows:

hyoys\ —€
v = (TaE) v a7)

17 Alternatively, the more realistic quadratic adjustment costs as proposed in
Rotemberg (1982) can be assumed. However, the model is solved by considering
a first-order approximation around a deterministic steady state, and it can be
shown that the dynamics implied by these two mechanisms are identical up to
a first-order approximation. In particular, they both lead to the same Phillips
curve derived below.

18 Alternatively, one could allow for prices to be indexed to past inflation. As
shown by Adolfson et al. (2007) and Smets and Wouters (2007), adding this
assumption does not change much in terms of the fit of the model. This is also
consistent with the single-equation estimates of Gali, Gertler, and Loépez-Salido
(2001).
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The first-order conditions associated with this problem yield
the following expression for the optimal price conditional on
reoptimization:

[ () P%Mca,m
Py ()" =E - , (18)
Zk 0(9 ) Qt t+k: t—‘rk?

h h

where MO = % denotes the real marginal cost facing each
tot

firm. The log-linearized version of equation (18) around the sym-

metric steady state read

o

pr(i)* = (1= p6") > (80" Ei(mcly ). (19)

k=0

This leads to the following forward-looking Phillips curve for PPI
inflation?]

_ h __ph
(1 ﬁ@e)h(l o )mcf}. (20)

ho_ h
my = BEymy g +

3.8 Import-Export Sector

In order to introduce a role for trade finance, an import-export sector
characterized by the presence of trade firms is explicitly introduced
in the model. This international trade sector, which is assumed to
be credit constrained, generates a role for trade finance constraints
to influence real variables in the economy in addition to incomplete
pass-through. In particular, like the domestic firms, the trade firms
too are assumed to be credit constrained and are required to bor-
row to pay for an exogenous (and time-invariant) fraction of their
costs. For simplicity, I assume that the trade firms do not employ
any labor.

Sequential trade and vertical fragmentation are key features in
the trade data that have been successful in explaining many empir-
ical stylized facts ] 21 Following this literature, the import sector is

Y Throughout the paper, lowercase letters are used to denote log-deviations
from steady state, i.e., 2; = logX; — log(X).

20The derivation is standard; see, for instance. Gal{ (2009).

218ee, for instance, Huang and Liu (2001, 2007) and Wong and Eng (2013).
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assumed to be characterized by a sequence of firms that operate at
different stages. Each firm has a production function which trans-
forms the input into output one for one. Each firm however is credit
constrained and is required to finance a part of its purchase by bor-
rowing at the risk-free rate. Multiple processing stages in the import
sector thus play the role of amplifying the cost effects of monetary
policy.

Incorporating these features, the import-export sector is mod-
eled as an n-stage sequential setup. At each stage k, a continuum of
atomostic firms operate with the following production technology:

YIvG) =Y, G), k€ {1,2,...,n}, 5 € (0,1). (21)

Note that for simplicity it is assumed that these firms neither
employ labor, nor are they subject to productivity shocks as is the
case with goods-producing firms. The cost function of each firm is
given by

=ih) = R[" (k)P . (22)

Similar to the goods-producing firms, R{ " is the gross interest
factor which characterizes the external finance dependence of the
sector. Moreover, in order to allow for incomplete pass-through of
exchange rate into import prices, firms at the final stage (n) in the
import-export sector are assumed to operate under monopolistic
competition like the goods-producing firms. Under these assump-
tions, the real marginal cost of the import-export sector as a whole
can be written as follows:

EP/RI"

o' =
t Ptfh

(23)

Here Ptf " denotes the local currency price of foreign goods that
are sold to home consumers. This real marginal cost term can also
be interpreted as a law of one price gap. This gap comprises not
only incomplete pass-through because of price stickiness but also an
additional effect coming from trade finance, which implies that in
this model there can be deviations from law of one price even in
the absence of market power and flexible prices on the part of the
importing firms.
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The gross interest rate factor in equation (23) can be written as
follows:

RI" = [u Ry + (1 —u/™)]", (24)

where n is the number of processing stages and 0 < uf? < 1 is the
fraction of the purchases that have to be financed by external bor-
rowing at each stage R{ is the interest rate that is used in trade
finance. It would be the home interest rate (Rf ), the foreign inter-
est rate R{ , or a convex combination of the two. While firms are
allowed to split their borrowing across domestic and foreign sources,
this split is assumed to be time invariant. While this simplifying
assumption is potentially restrictive—as it does not allow for opti-
mal choice of funding by firms in response to shocks—the fact that
firm’s sources of funding are sticky has been well documented in the
literature 23

Log-linearizing equation (24) yields the following approximate
relationship between the number of processing stages, external
finance dependence in each stage, and the nominal interest rate:

fh

ri" ~ nulhel. (25)

As is evident from equation (25), the impact of changes on nom-
inal interest rate on trade finance depends on both the external
finance dependence (u/") and the number of processing stages (n).
The equation also makes it clear however that with this specifica-
tion it is not possible to identify these two parameters separately
in the data. Moreover, the relationship between the risk-free inter-
est rate and the marginal cost of the retail sector may depend on
other factors that are not modeled explicitly but may nevertheless
play a role. Since the goal of the paper is to study the consequences
of this relationship rather than its microfoundations, the model is
parameterized in terms of an aggregate parameter (67") which can
be understood as the elasticity of marginal cost of import retailers
with respect to the risk-free rate, i.e.,

rf" = sThrp, (26)

22For simplicity, this parameter is assumed to be independent of n as well as t.
23See, for instance, Degryse et al. (2019), Jiménez et al. (2012), and Khwaja
and Mian (2008).
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where 0/" = f(n,u/", Z) is a function of n, u/", and other char-
acteristics Z that are not explicitly modeled. Trade finance in the
real world (both domestic and international) is operationalized in a
number of different ways, including direct lending by banks to the
exporter and/or the importer, interfirm trade credit, open account
(i.e., post-delivery payment), or cash in advance4 To the extent
that all these mechanisms involve at least one of the parties engaging
in borrowing at an interest rate that is directly affected by changes
in monetary policy (as captured by equation (26)), it is important to
emphasize that even with this parsimonious specification of external
finance dependence, the model is general enough to capture all the
different trade finance arrangements.

Similar to the case of goods-producing firms, the optimal pricing
decisions of the importing firms lead to the following forward-looking
Phillips curve for import consumer prices:

1— 3677 (1 — 67"
wft = ppally+ S g )

As 0" — 0, we have the benchmark case of complete pass-
through, with the difference from the standard model being that in
addition to exchange rate pass-through, there is also “interest rate
pass-through,” a novel channel not considered in the literature so
far.

For future reference, the CPI inflation in the home country is

. . fh h ;
given by a weighted sum of 7;" and 7. In particular,

=1 - a)rh + anl" (28)

3.4 Government

There is a government which finances current expenditure by impos-
ing lump-sum taxes on households. For simplicity, I do not allow for
government borrowing or lending and all expenditures are financed
based on current-period receipts. The government consumption good
is assumed to follow the same aggregator as that for the households.

24See Ahn, Amiti, and Weinstein (2011) and Schmidt-Eisenlohr (2013).



134 International Journal of Central Banking October 2021

The overall government spending process is stochastic and driven by
persistent shocks.

h h h h
9t = Pg9t—1t €y (29)

Note that although neither the lump-sum tax nor the assumption
of same consumption bundle for households and the government is
realistic the sole aim for introducing the government in this model
is to have a source for exogenous demand shocks.

3.5 Central Bank

The central bank is assumed to set interest rates according to a
modified version of the Taylor rule postulated in Taylor (1993). In
particular, I allow for interest rate smoothing and the possibility of
nominal exchange rate stabilization in the central bank’s reaction

function

The central bank’s reaction function is thus given by
it = pit 1+ (1= pk) [onm)' + oy Ly + ¢¢her] + ey, (30)

where i? denotes the nominal interest rate (R} = 1+ i), Ayl
denotes the growth rate of output, and Ae; denotes the rate of
(nominal) depreciation. €/ is an idiosyncratic white-noise process to
be interpreted as a monetary policy shock.

Finally, the model is closed by imposing the following market

clearing condition for each firm in equilibrium:

Y (j) = CPM(5) + GI"(5) + G1 () + C1 (j)Vi € (0,1).  (31)

3.6 Terms of Trade and Real Exchange Rate

Terms of trade for a country is defined as the ratio of the price
of domestically produced goods at home relative to the price of

25In particular, government consumption is likely to be concentrated towards
nontradables and therefore exhibit a higher home bias than households. See Lane
(2010) for a discussion of this point.

26The estimation allows for the responses of the central bank to nominal
exchange rates to differ across the two countries. Backus et al. (2010) show that
this asymmetry can go a long way in explaining the uncovered interest rate parity
puzzle.
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imported goods In particular, the terms of trade for the home
country is defined as follows:

Ph
tot = —L_. 32
= (32)
Analogously, terms of trade for the foreign country is defined as
pf
tot] = —. 33
f =27 ()

t

Using equation (23) and its foreign-country counterpart along
with (32) and (33) gives

Ihond — tothtot! RI"RIM . (34)

This equation shows that even under the assumption of perfect
competition (so that ¢!/ = ¢/" = 1), the home and foreign terms
of trade do not equal each other (inversely). In this case, the law
of one price gap still exists, but depends only on terms relating to
international trade finance.

The real exchange rate (RER) between home and foreign cur-
rencies is defined in the standard way by weighting the nominal
exchange rate by the ratio of the consumer price indexes in the two
countries.

EtPf’CPI

t= "phoPI (35)

As with the nominal exchange rate, the real exchange rate is
defined in such a way that an increase corresponds to a depreciation
of the home currency. Typically in open-economy models, the real
exchange rate as defined above is used as a gauge of competitiveness,
i.e., a falling RER denotes lower competitiveness of home goods and
vice versa. As the next section shows, however, this interpretation of
the RER can be flawed in the presence of frictions like trade finance
constraints, and the terms of trade is more relevant as a measure of
competitiveness.

2TNote that typically terms of trade is defined as the ratio of the price of exports
to imports. The distinction ceases to matter since most models typically have the
feature that export prices are equal to domestic prices. This however is not the
case in this model due to imperfect competition as well as trade finance.
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3.7  Equilibrium and Solution Method

The equilibrium conditions characterized above along with the shock
processes comprise a dynamic system with a unique nonstochastic
steady statel’d The model is solved by log-linearizing the equilib-
rium conditions characterizing the model around this nonstochastic
steady state. In addition to the monetary policy, productivity, and
government spending shocks, the model also features a shock to the
labor supply equation and the nominal exchange rate process.

4. Calibration and Model Simulations

This section discusses simulation results based on a calibrated ver-
sion of the model to outline the dynamics of the key model variables
and how they are affected by the presence and degree of trade finance
dependence in the wake of exogenous shocks. The model is calibrated
to a symmetric two-country case with most parameter values picked
from the previous literature—in particular, Lubik and Schorfheide
(2006) and Smets and Wouters (2003, 2007)—but the values are kept
the same for both home and foreign countries so as to illustrate the
mechanics in the model more clearly

4.1 Calibration

Table 1 shows the values used in the calibration exercise. Although
most of the values are standard, there are a couple of parameters
that merit further discussion. The intratemporal elasticity of substi-
tution between home and foreign goods is a parameter that, despite
extensive empirical research, has failed to yield a consensus, leading
to the “elasticity puzzle” (see Ruhl 2008). Typically, the elasticity
estimates are found to fall with the level of aggregation, as doc-
umented in Disdier and Head (2008) and Hummels (1999). While

28 All parameter restrictions required for uniqueness, including the Taylor prin-
ciple proposed in Woodford and Walsh (2005), are imposed to allow a unique
solution. In the estimation, priors are confined to the region so that the posterior
distribution also continues to satisfy these constraints.

29These restrictions will be lifted in the empirical section and most parameters
will be estimated without imposing these symmetry restrictions.
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Table 1. Parameter Calibration for Simulation Exercises

" 0.7 o 2
2 0.7 oL 2
onf {0.1,0.7} h 0.7
24 {0.1,0.7} n 1
b 1.5 a 0.15
by 0.5 B 0.99
be 0 ) {0,2}
PR 0.7

calibrated models typically rely on evidence from the trade litera-
ture and pick values greater than 1@ estimates based on macro data
typically yield much lower values, most often less than 157 Although
this paper too finds estimates of elasticity to be small in line with the
macro literature, these estimates could be susceptible to the down-
ward aggregation bias discussed in Imbs and Méjean (2012), who
show that when elasticities are heterogenous, aggregation leads to a
downward bias. Indeed, the evidence on heterogeneity of elasticities
is substantial, as documented in Broda and Weinstein (2006). The
value chosen for the simulation results is n = 1. It is a compromise
between the estimate obtained from the micro and macro litera-
tures and is more in line with the latter 4 The main mechanisms
highlighted in this paper are not dependent on this choice.

The only asymmetries introduced in the calibration are in the
external sectors in the two countries in order to study their inter-
action with trade finance constraints. The external sectors of the
two countries can be asymmetric along several dimensions. Firstly,
they could differ in the degree of their external finance dependence,
i.e., 67" £ §"f. As argued above, this implies that the asymmetry is
either in the average external finance dependence per stage or in the

308ee, for instance, Obstfeld and Rogoff (2005). For micro studies that typically
yield values greater than 2, see Broda and Weinstein (2006), Feenstra (1994), and
Soderbery (2010).

31Gee, for instance, Justiniano and Preston (2010) and Lubik and Schorfheide
(2006).

32Recently, Drozd, Kolbin, and Nosal (2014) have shown how allowing for
dynamic elasticities (i.e., different elasticity in the short versus long run) can
help reconcile the business cycle and trade literatures.
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number of stages involved in transporting the good from one coun-
try to another. For instance, Amiti and Weinstein (2011) find that
external finance dependence is much higher for goods shipped by sea
than for those shipped by air. Secondly, countries could differ in the
degree of their import price pass-throughs, which could be a func-
tion of the nature of goods themselves. For instance, Peneva (2009)
shows that prices of labor-intensive goods are stickier than those of
capital-intensive goods. If countries export goods with substantially
different factor intensities, this could lead to an asymmetry in import
prices. Lastly, countries can also differ in the interest rate/currency
that they are constrained to borrow in. The first two asymmetries
are likely to be linked to differences in export bundles of countries. A
country exporting high-end luxury products is likely to have lower
competitiveness, higher markups, and hence lower price flexibility
in its prices than a commodity-exporting country that exports a
homogenous product. The third source of asymmetry, the currency
denomination of debt, is likely to be an institutional feature that 1
assume is fixed in the short rund The two parameters governing
import price stickiness are varied in the simulations to show how
they affect the propagation mechanism of shocks.

In order to determine plausible values for the external finance
dependence parameters, I rely on two separate approaches, which
yield similar ballpark estimates. Firstly, I consider the model’s
predication regarding the fall in trade-to-GDP ratios in response
to a trade finance shock. Eaton et al. (2011) argue that about
80 percent of the 20-30 percent fall in trade-to-GDP ratio can be
accounted for by demand-side effects and heterogeneity in traded
versus nontraded goods. This leaves 20 percent of the collapse, or
about 4-6 percent fall in trade-to-GDP ratios, unexplained. The
first calibration strategy for d involves matching this response of the
trade-to-GDP ratio to an interest rate shock that is simulated in
the model. Table 2 shows the peak response of trade-to-GDP ratios
under different assumptions on elasticity of substitution and import

33 A large fraction of international trade is conducted in U.S. dollars and hence
the dollar is the primary currency not only for settling trade transactions but
also in facilitating trade finance. However, local-currency debt in countries like
Furope and Japan is also fairly likely—see, for instance, Amiti and Weinstein
(2011) and Gopinath, Itskhoki, and Rigobon (2010).
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Table 2. Peak Response of Trade-to-GDP Ratio to an
Interest Rate Spread Shock of 300 Basis Points

o = oMt = 0.1 —10.0366 —23.0467
o = ght = 0.7 —2.8278 —5.8697
o =9t = 0.1 —2.5092 —5.7617
o = ght = 0.7 —0.707 —1.467

price flexibility in the model. The size of the shock is 300 basis
points, to roughly match the increase in the TED spread during
the peak of the 2008 financial crisis. Since there is no consensus on
the value of elasticity of substitution (although values closer to and
even below 1 are typically preferred by the macro data), a value of
d around 2 seems to be a plausible (if somewhat conservative) value
for this parameter. It generates a maximum response of —10 percent,
which is on the higher side, but neither this elasticity (7 = 2) nor this
pass-through specification seems plausible and is rejected by the data
below. Based on the rest of the numbers, it seems to be a conserva-
tive estimate, accounting for a decline of trade-to-GDP ratio of less
than 3 percent, which is close to but below the 4-6 percent target.

As discussed above, the parameter d captures not just exter-
nal financial dependence of sectors but also the number of stages
involved in the process from actual production to eventual consump-
tion. The second calibration strategy leverages this interpretation by
looking at average propagation lengths (APLs) in the data. The APL
between A and B measures the number of stages it takes for the good
produced in A to reach B. As an example, consider a world in which
global trade comprises an upstream country (say Japan) export-
ing intermediate goods to a downstream country (say China) which
in turn exports them to the consuming country (say the United
States). In this simple example, the APL between Japan and the
United States would be 2, while the APL between Japan and China
would be 1.

More generally, APLs can be computed using input-output tables
using the procedure outlined in Dietzenbacher and Romero (2007).
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Table 3. Average Propagation Length: Summary
Statistics for Benchmark Year 2007

A. Average Propagation Length (APL) Summary Statistics

Country-Level APL Country-Sector-Level APL
No. of Countries 41 No. of Country-Sectors | 1,435
Mean APL 2.8465 Mean APL 3.61
Median APL 2.7396 Median APL 3.62
Std. Dev. 0.5 Std. Dev. 0.9

B. APL for Select Country Pairs

United States Germany China
United States 1.70 2.85 3.65
Germany 2.83 1.62 3.54
China 3.42 3.53 2.48

Source: World Input Output Database (http://www.wiod.org) and author
calculations.

Table 3 displays summary statistics for APLs computed at the coun-
try and country-sector level using detailed intercountry input-output
data from the World Input-Output Database for the benchmark year
2007 B4 While the country-level APLs are likely to be biased down-
wards since they ignore within-country flows and the heterogeneity
is substantial, the values in the range 2 to 5 seem to be reasonable
based on these statistics, which are also in line with the range of
plausible values obtained using the behavior of trade-to-GDP ratios.

4.2 Model Simulations

Figure 1 shows the impulse response of key macroeconomic vari-
ables to a contractionary monetary policy shock (in the form of a 25
basis point increase in the nominal interest rate) in different versions
of the model B9 These versions differ only along one dimension—the

318ee Timmer and Erumban (2012) for a detailed description of the database
and Dietzenbacher and Romero (2007) for a detailed discussion of APL.

35The contractionary monetary shock corresponds to a surprise increase in the
nominal interest rate due to a positive shock to €, in equation (30). The instan-
taneous response of the nominal interest rate is less than 25 basis points (the size
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Figure 1. Impulse Response to a Home Monetary
Contraction: 8f* = 0.7,0"f = 0.7
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Notes: The impulse responses to a positive 25 basis point shock to the nomi-
nal interest rate are computed through simulations using the values in table 1.
The horizontal axis measures time in quarters. The vertical axis units are devi-
ations from the unshocked path. Inflation and nominal interest rate are given in
annualized percentage points. The other variables are in percentages.

interest rate relevant for trade finance. The blue (dashed) lines corre-
spond to the specification where all borrowing costs related to inter-
national trade finance are linked to the home policy rate, whereas the

of the shock), due to the endogenous response of the nominal interest rate to the
shock via the interest rate rule (see, for instance, Gali 2009, chapter 3).
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green (solid) lines denote the opposite scenario in which borrowing
costs are linked to the policy rate of the foreign economy. For com-
parison, red (solid with dots) lines corresponding to a model without
trade finance are also shown!> The two economies are assumed to be
symmetric in all dimensions, including the degree of price stickiness
in the import sector (6% = 0.7,0" = 0.7).

Compared with the model without trade finance, the model
in which trade finance is tied to home monetary conditions dis-
plays a sharp fall in trade, as captured by the decline in trade-
to-GDP ratio (blue dashed line) >l This is a direct consequence of
trade becoming more expensive due to a rise in borrowing costs
that are linked to the home nominal interest rate. Interestingly,
however, the response of both home and foreign GDP is virtually
identical under the different models. This reflects the confluence
of two effects brought about by the introduction of trade finance
which offset one another. As trade becomes more expensive, con-
sumers shift away from imports and towards domestically produced
goods. While the former leads to a fall in aggregate demand due
to a decline in demand for exports, the latter leads to a rise in
aggregate demand due to increased demand for domestically pro-
duced goods by consumers in each country as they shift consump-
tion away from imports. On net, these two effects offset each other,
such that the impact of trade finance on the response of GDP to
monetary shocks remains muted in both the home and the foreign
economy.

As shown in figure 2, the symmetry across the two countries is
important for this lack of impact of trade finance on GDP. Panel A
shows the response of GDP and trade under symmetric price stick-
iness across countries (/" = 0.7,0"f = 0.7), the same as in figure
1. Panel B shows how when home import prices are more flex-
ible than foreign prices (a feature that is uncovered in the data
in the following section), trade finance begins to significantly alter
the impact of home and foreign GDP to home monetary shocks.

36For figures in color, see the online version of the paper, available at
http://www.ijcb.org.

37The trade-to-GDP ratio is defined as the ratio of total trade divided by total
GDP, both measured in nominal terms in a common currency.
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Figure 2. Comparison of Impulse Responses
to a Home Monetary Contraction under
Different Price Stickiness Assumptions
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Notes: The impulse responses to a positive 25 basis point shock to the nominal
interest rate are computed through simulations using the values in table 1. The
horizontal axis measures time in quarters. The vertical axis units are percentage
deviations from the unshocked path.

As before, the rise in home interest rates, which govern the bor-
rowing costs for importers worldwide, leads to a sharp rise in the
marginal costs of import firms. Since home import prices are more
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flexible, home importers pass on this rise to consumers in the form
of higher import prices to a larger extent than foreign importers,
whose retail prices are stickier. The net result is a sharp fall in the
demand for imports in the home economy, which, unlike in the case
of symmetric import price stickiness, is not matched by a corre-
sponding fall in demand for home exports coming from the foreign
country. Therefore, compared with the baseline model without trade
finance, the model with trade finance generates a positive impact
on home GDP (which consequently declines by less in response
to the monetary shock) and a larger fall in GDP in the foreign
economy.

The opposite is true if the price asymmetry is reversed such that
the foreign retail price of imports is more flexible than home, as
in panel C. In this case, in comparison with the baseline model
in response to a home monetary shock, the introduction of trade
finance has a positive impact on home GDP and a negative impact
on foreign GDP.

Differences in the degree of price stickiness are just one source
of asymmetry across countries (albeit an important one for which
the following sections provide evidence). In principle, asymmetries in
other dimensions can also break the offsetting effects that make trade
finance constraints irrelevant as far as GDP is concerned. Panel B in
figure 3 shows an example where price stickiness is the same across
countries, but they differ in the interest rate that is used to finance
international trade (panel A, for reference, is the same as in the pre-
vious two figures). The blue lines correspond to the model in which
exporters are financially constrained and need to borrow working
capital at a cost linked to the risk-free rate of the exporting country.
In this case, when home interest rates rise as a consequence of the
monetary contraction, foreign imports (home exports) become more
expensive for consumers due to the higher borrowing costs of home
exporters. This is not offset by a corresponding rise in the price of
home imports, since marginal costs of foreign exporters, which are
linked to the foreign risk-free rate, do not rise. As a result, com-
pared with the baseline model without trade finance, home GDP
falls more, and foreign GDP less, in response to a home monetary
contraction. The opposite is true when importers who have working
capital requirements that need to be financed at borrowing costs
linked to their domestic risk-free rate (green lines).
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Figure 3. Comparison of Impulse Responses
to a Home Monetary Contraction under
Different Financing Arrangements
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Notes: The impulse responses to a positive 25 basis point shock to the nominal
interest rate are computed through simulations using the values in table 1. The
price stickiness parameters are fixed at 67" = 0.7, 0" = 0.7 across all sets of sim-
ulations reported in this figure. The horizontal axis measures time in quarters.
The vertical axis units are percentage deviations from the unshocked path.

To summarize, the main insight from simulation results is that
when countries are completely symmetric in terms of their price
stickiness and trade financing needs, the introduction of trade
finance matters only as far as trade prices and total trade volumes
are concerned, but offsetting effects imply that its impact on the
response of home and foreign GDP is limited. On the other hand,
when countries are asymmetric along any of these dimensions, trade
finance exerts a significant influence on the response of home and
foreign GDP to shocks.
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Figure 4. Home Government Spending Shock
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Notes: Impulse response to a positive government spending shock in the home
country. The vertical axis units are deviations from the unshocked path. Inflation
and nominal interest rate are given in annualized percentage points. The other
variables are in percentages.

It is important to emphasize that while the impact is most vis-
ible in the case of monetary shocks, to the extent that most other
shocks generate an endogenous response of the risk-free rate in the
economy, the impact of trade finance extends to all other business
cycle shocks. Figure 4, for instance, illustrates this for a positive
home government spending (demand) shock.
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Figure 5. Competitive Devaluations and Trade
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Notes: The figure shows impulse responses to a simultaneous interest rate cut
by both central banks. The impulse responses are computed through simulations
using the values in table 1 (8" = 0.7,0" = 0.7). The horizontal axis measures
time in quarters. The vertical axis units are deviations from the unshocked path.
Inflation and nominal interest rate are given in annualized percentage points. The
other variables are in percentages.

4.8 Application: Impact of Competitive Devaluations
on Trade

This section discusses the implications of trade finance for competi-
tive devaluations. Figure 5 considers a competitive devaluation sce-
nario in which both the home and the foreign central bank engage in
simultaneous interest rate cuts of equal magnitude—a “competitive
devaluation” or “currency war” scenario. Panels A and B indicate
this action. As is evident from panel C, the actions of the two central
banks cancel each other as far as the impact on the exchange rate is
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concerned and lead to no change in the real (or nominal) exchange
rate. However, as shown in panel D, in a world where trade finance
is important, the boost to international trade volumes is much more
pronounced. While trade rises in both cases due to the increased
aggregate demand in each country which also spills over into demand
for imports, the fact that the financing constraints on importers and
exporters are loosened in a world in which trade finance is present
leads to the much sharper boost in trade. This finding is particu-
larly relevant in an environment where trade conflicts are depressing
the outlook for trade. These results show that to the extent that
international trade policymakers care about trade over and above
its impact on contemporaneous output,@ even if devaluations are
matched competitively by trade partners, the boost to exports can
be substantially larger than that inferred from models that do not
incorporate a role for trade finance.

5. Estimation

As is evident in section 4.2, the role of trade finance in business
cycle fluctuations depends critically on parameters characterizing
the export-import sectors of countries, and in particular on differ-
ences across the two countries. This section uses Bayesian techniques
to estimate the model using macroeconomic time-series data from
two large open economies—the United States and euro zone P Fol-
lowing Smets and Wouters (2003) and others, a full-information
likelihood-based estimation procedure is used.

5.1 Data

The model is matched to the data by treating the United States and
euro zone as the two countries comprising the world economy. The
sample period is 1983:Q1-2007:Q4 29 Table 4 lists the variables used

380ne reason why this may be so is because there is an extensive literature
documenting the productivity gains from trade—see, for instance, De Loecker
(2013).

398ee appendix B for a brief description of Bayesian estimation and the model
comparison exercise.

40Since the subsequent period has been characterized by zero and negative
interest rates, the monetary policy stance is not well captured by the policy rate.
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Table 4. Observables and Data Sources

Interest Rates

RYS Effective Federal Funds Rate

REU Euro-Area Nominal Interest Rate
Prices

VS CPI CPI Inflation, US

gUSGDP GDP Deflator Inflation, US

g BUCPI CPI Inflation, EU

gBU.GDP GDP Deflator Inflation, EU
Exchange Rate

NAE Nominal Depreciation Rate of U.S. Dollar against Euro®
Output

AYUS GDP Growth Rate, US

AYFU GDP Growth Rate, EU
“Before 2000, a GDP-weighted exchange rate is used from Lubik and Schorfheide
(2006)’s publicly available database.

as observables in the estimation (a more detailed description along
with data sources can be found in appendix E). These comprise
short-term nominal interest rates, the euro-dollar nominal exchange
rate, GDP growth rates, and various inflation rates for the two coun-
tries ] Compared with previous studies like Lubik and Schorfheide
(2006) that have used only one measure of prices (namely the CPI
inflation), both CPI- and GDP-deflator-based inflation measures are
used. This is done in order to make the likelihood of the model more
informative regarding the new features and parameters introduced in
the model, and to sharpen the identification of domestic price stick-
iness parameters (0" and 67) on the one hand, and import price
stickiness parameters (6"f and 6") on the other. The U.S. data
are taken from the Bureau of Economic Analysis, and the European
data are taken from the European Central Bank’s Area Wide Model
(AWM) database. Prior to estimation, all the data are seasonally
adjusted.

“IRobustness checks also use bilateral trade as well as import price data, and
the results are qualitatively similar.
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Table 5. Classification of 11 Shocks Used
in Benchmark Estimation

U.S. Shocks Monetary Policy, Productivity, Government
Spending, Labor Supply
EU Shocks Monetary Policy, Productivity, Government

Spending, Labor Supply
Common/Global Shocks| Productivity, UIP, Trade Finance

5.2  Shocks

The benchmark estimation allows for 11 shocks. As shown in table 5,
the shocks can be classified into three broad categories: U.S. shocks,
euro-area shocks, and common or global shocks

5.8 Priors

The first five columns of table 6 describe the priors used in the
estimation prices. Most of the priors are based on priors and esti-
mates from Lubik and Schorfheide (2006) and Smets and Wouters
(2003, 2007). There are two parameters that quantify trade finance
dependence which are new in the paper (6" and §7"). The prior
mean for these is set equal to 2, based on the calibration exercises in
section 4. A fairly high standard deviation is allowed in the prior in
order to reflect parameter uncertainty. For the elasticity of substitu-
tion (n), a prior of 1 is assumed as a compromise between the macro
and micro evidence regarding the magnitude of this parameter as
argued before.

5.4 FEstimation Results
5.4.1 Parameter Estimates and Model Comparison

Tables 6 and 7 summarize the prior and posterior distribution of the
estimated parameters for the model in which all trade is financed by

“2The depreciation shock (also labeled “UTP shock”) is common in the litera-
ture and is needed to match the dynamics of the nominal exchange rate, which
are not explained well by this class of models. This is a standard limitation of
models of this type (see, for instance, De Walque, Smets, and Wouters 2005 and
Lubik and Schorfheide 2006).
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Table 7. Summary of Priors and Posterior Distributions
of Standard Deviations of Shocks

Prior Std. | Posterior

Shock | Distribution | Mean | Dev. Mean 90% C.I.

Al Invg. 1.253 | 0.655 1.167 0.873 | 1.463
G Invg. 1.253 | 0.655 0.526 0.451 | 0.6

Rh Invg. 0.501 | 0.262 0.161 0.139 | 0.183
Af Invg. 0.501 | 0.262 0.464 0.224 | 0.707
G/ Invg. 1.253 | 0.655 0.502 0.432 | 0.569
R/ Invg. 0.251 | 0.131 0.138 0.12 0.156
Z Invg. 0.627 | 0.328 0.337 0.236 | 0.434
AFE Invg. 4.387 | 2.293 4.166 3.673 | 4.643
N Invg. 0.101 | 0.262 1.563 1.355 | 1.755
N/ Invg. 2 0.5 2.608 1.722 | 3.472
Notes: “Invg.” denotes the inverse gamma distribution. The last two rows corre-
spond to measurement errors of the corresponding observed variables. h denotes the
home country (United States) and f denotes the foreign country (European Union).

borrowing at the U.S. interest rate. (This is the model that is most
preferred by the data, i.e., has the highest Bayes factor, as will be
discussed later.)

The posterior estimates of the price stickiness parameters imply
that the data support a model in which there is asymmetry in the

pass-through into import prices across the two countries. While the

pass-through into EU import prices is quite low (HEU Import j,q

a posterior mean of 0.87), the corresponding value for the United
States is fairly high (posterior mean of pUS Import 3 0.38).

Given the importance of the import price stickiness parameters in
driving the results of the model, table 8 reports additional robust-
ness checks on the estimated values. It imposes priors that imply
exactly the opposite price stickiness pattern to the one estimated
in the data (table 6), and finds that the results are robust to this
change in the priors.

These results are in line with estimates from Lubik and
Schorfheide (2006), who also find evidence in favor of this asym-
metry. Table 9 shows a comparison of the posterior means for the
Calvo parameters from table 6. In their case this difference may also
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Table 9. Comparison of Calvo Parameters with
Lubik and Schorfheide (2006)

Lubik and Schorfheide (2006)
Posterior Posterior 90% Prior
Mean Mean C.I. Month
gUs 0.83 0.62 [0.49, 0.77] 0.5
@US Import 0.38 0.45 [0.17, 0.72] 0.5
@EU Import 0.87 0.9 [0.82, 1.00] 0.75
oEU 0.75 0.61 [0.43, 0.81] 0.75

be partly driven by the choice of their prior distribution, which is
asymmetric and implies higher price flexibility in the United States
than in the EU for both domestic and import prices This paper
on the other hand does not impose this asymmetry ex ante.
Notwithstanding the fact that the estimates of the price stick-
iness parameters are in line with the estimates of Lubik and
Schorfheide (2006), at first sight they seem to be at odds with the
extensive literature on pass-through into import prices which has
found the pass-through (in particular, with regard to the nomi-
nal exchange rate) into U.S. import prices to be low, pointing to
a very low import price flexibility for the United States[2] Although
a thorough exploration of this apparent discrepancy would require
detailed examination of micro data and is beyond the scope of this
paper, two possible explanations can be conjectured. Firstly, while
the trade literature has focused for the most part on exchange rate
pass-through, the asymmetry revealed here is with regard to pass-
through of marginal costs into prices more generally, including other
components of marginal costs apart from the nominal exchange rate.
Secondly, while the trade literature has focused on import prices at
the dock, the estimates in the model correspond to the retail price
of imports. Understanding the journey of imports from the dock to
eventual retail outlets, including the characteristics of the different

“3They rely on Angeloni et al. (2006) and Bils and Klenow (2004) to impose a
high prior mean for Europe and a lower one for the United States.
418ee, for instance, Copinath, Ttskhoki, and Rigobon (2010).



Vol. 17 No. 4 International Trade Finance and the Cost Channel 155

markets and intermediaries involved, would be an important part of
interpreting these findings.

With regard to J, the other parameter which governs the strength
of the trade finance channel, table 6 shows that the posterior means
are 2.27 and 1.87 for 6¥U—US and §V5—FU  respectively. These are
broadly in line with the calibrated values used in section 419

In terms of the reduced-form interpretation of equation (25), this
estimate implies that the elasticity of the trade finance rate with
respect to the risk-free rate is around 2, implying that a 1 percent-
age point increase in the risk-free rate leads to about a 2 percentage
point increase in the total cost of trade finance. While the mag-
nitudes are again roughly consistent with the average propagation
lengths estimates in the data, the 90 percent interval includes val-
ues high enough to imply an inferred external finance dependence
greater than 1. This suggests that there remains scope for alternative
microfoundations of the parameter ¢.

Table 10 reports the log marginal density for various specifica-
tions of the model that are estimated, along with the Bayes factor
for each model in comparison with the model without trade finance.
Assuming the prior probabilities to be the same across models,
numbers in each column (i.e., estimates based on the same num-
ber of observables) can be interpreted as measures of the posterior
odds ratios, with higher numbers (lower absolute values) indicating
higher posterior odds for the corresponding modelPd The last col-
umn reports Bayes factors computed with respect to the baseline
model with no trade finance, which by construction has a Bayes fac-
tor of 1 with respect to itself. Bayes factors greater than 1 indicate
that the respective model is more preferred by the data than the
baseline model. According to Jeffreys (1998), a Bayes factor greater
than 30 is “very strong ” and a Bayes factor greater than 20 is
“decisive” evidence.

The table shows that the models with trade financing with U.S.
interest rates and importer interest rates carry the highest posterior
probability and Bayes factors. The first of these is not surprising,

4Given the importance of the § and @ parameters, appendix C presents some
additional robustness checks on the estimates.

46Note that this comparison is valid as long as the prior is proper, which is the
case throughout this paper.
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Table 10. Marginal Likelihood for Different Models

Marginal Bayes Factor wrt

Model Data Density No Trade Finance
1 No Trade Finance —1236.04 1
2 Trade Finance: Both —1233.71 10

Interest Rates
3 U.S. Interest Rate —1227.37 5,825

Trade Finance
4 EU Interest Rate —1236.15 0.9

Trade Finance
5 Importer Interest Rate —1227.42 5,041

Trade Finance
6 Exporter Interest Rate —1232.34 40

Trade Finance
Note: The second model, “Trade Finance: Both Interest Rates,” allows for trade
finance to be dependent on both home and foreign interest rates.

given the central role that U.S. monetary policy plays in the global
economy and given the fact that the dollar is also the primary vehi-
cle currency in which international trade is conducted*/] The higher
posterior marginal data density of the model with importer interest
rate trade finance on the other hand is less easier to motivate, given
that the majority of the empirical literature in trade finance has
documented the link between exporter monetary policy and volume
of exports. However, a close examination of the arguments given for
these apply equally to the link between imports and interest rates
as well. In fact, in his empirical analysis Schmidt-Eisenlohr (2013)
finds the role of importer interest rate to be as important as the
exporter one.

What these results indicate in conjunction is that in the data,
the trade finance channel seems to be governed by the interaction of
U.S. interest rates with U.S. imports. Since European imports play
a limited role due to their low price flexibility, the models with U.S.
interest rate and importer interest rate financing both seem to be
consistent, and the data are not clearly able to distinguish between
the two.

4"For evidence regarding the latter, see Goldberg and Tille (2008).
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5.4.2 Variance Decompositions@

The simulation results in section 4 show that incorporation of trade
finance has a disproportionately large effect on the spillover effects
of shocks, as opposed to the effect on the domestic economy. This
raises a queston of how much the proposed model fundamentally
changes our understanding of the importance of U.S. shocks for euro-
area business cycles. Table 11 provides a comparison of the variance
decomposition of euro-area variables at two horizons for two cate-
gories of shocks according to the classification in table 5—domestic
U.S. shocks and all external shocks which include U.S. shocks and
the global shocks in table 5. The numbers in the table denote the
difference between the share (out of 1) of the variance of the row vari-
able explained by the model with trade finance and the one without.
Positive numbers therefore convey that U.S. and external shocks are
more important in the model with trade finance for the particular
variable, whereas negative numbers indicate the opposite@

The differences in the long-run variance decomposition (horizon =
o0) are unanimous in suggesting that ignoring trade finance overstates
the importance of U.S. shocks as well as external shocks more generally
for the euro area. Indeed, the differences are negative for all the euro-
areavariables. Theresults are less clear-cut in the case of short-run vari-
ance decompositions (horizon = one quarter), where the model with
trade finance does give a higher weight to external shocks for most euro-
area quantity variables such as output, consumption, and imports,
but not to price variables such as inflation and the real exchange rate.

To summarize, the model with trade finance suggests that while
external shocks are more important in explaining the short-run
variance of some variables such as output and consumption, over-
all, external shocks including U.S. domestic shocks are much less

48 Appendix D provides additional comparisons between the model with and
without trade finance based on posterior predictive moments.

49For example, the number corresponding to the row “Imported Inflation” and
column “Domestic U.S. Shocks” under the “Horizon = co” panel shows that for
euro-area imported inflation, domestic U.S. shocks account for 0.46 (out of 1)
more variance according to the model without trade finance, compared with the
one with trade finance, i.e., for example, if in the model without trade finance,
U.S. shocks account for 0.8 (or 80 percent) of the variance of euro-area import
inflation, they account for only only 0.34 (or 34 percent) of the variance in the
model with trade finance.
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important for euro-area business cycles. This is an important take-
away for policymakers, as the role of external versus domestic shocks
in driving business cycle fluctuations has different implications for
their policy frameworks.

5.4.8 Comparison to an Atheoretical Benchmark: DSGE-VAR

This section uses the DSGE-VAR approach to assess the fit of the
model with respect to an atheoretical benchmark—an unrestricted
VAR

The approach exploits the fact that estimating a DSGE model
is akin to estimating a VAR with cross-equation restrictions, and
allows for the extent to which the restrictions can be imposed or
relaxed. In particular, there is a hyperparameter A > 0 such that the
DSGE model restrictions are strictly imposed if A = oo, whereas the
restrictions are completely ignored if A = 0. Estimation of the VAR
uses a prior that is centered at the DSGE-model-implied restrictions.
The hyperparameter A scales the covariance matrix of the prior. If
it is large, most of the variance is centered around the DSGE model.
The prior is combined with the likelihood to obtain the posterior
of A

Table 12 summarizes the estimation results for A. The fact that
the posterior of A shifts towards zero compared with the prior indi-
cates that some of the restrictions in the model are at odds with
the data. This is in line with the results obtained in Lubik and
Schorfheide (2006) and Smets and Wouters (2003), and highlights
that estimated DSGE models are typically worse than some VAR
specifications. That said, the posterior of A, as well as the marginal
likelihood, is higher in the case of the model with trade finance
than without. This suggests that even when evaluated against an
atheoretical benchmark like an unconditional VAR, the model with
trade finance continues to provide a better fit to the data, and the
data relaxes less of its cross-equation restrictions compared with the
model that lacks a role for trade finance.

50For a detailed description of the procedure see, for instance, Del Negro et al.
(2007) and Del Negro and Schorfheide (2004, 2006).

51The parameters of the DSGE model are also estimated simultaneously in
the procedure by projecting the parameters of the estimated VAR back onto the
DSGE parameter space.



October 2021

International Journal of Central Banking

160

‘aanpadord YYA-HHS 22 Jo uondriosep & 10] (900Z) oPPYJIOYdg pue 013oN [9(] 998 ‘F 9[qe) ul
So[qeAIasqo auru o} Suisn s§e[ INOJ YIIM POJRWIISS SI [9POW YT, “Byep Y} Aq pajoalal are [opow ;HS(] Y} JO SUOIIOLIISAI 9} YOTYM
09 JueIxa 9} seyljuenb yorym \ 1ojewrerediadAy YyA-HOHS Y} Jo sueowr Iotw)sod o) pue Iotid oY) SozLIewIwuns a[qe) o], :S9)0N

6'CEL T— [90L°0 ‘61970 199°0 [2‘0] woprun ooURUL] OPRL], YA

€66LT— [19°0 ‘095°0] 685°0 [¢‘0] wroyup oOURUL OpRL, INOYIA

pooyIeyIT [eulSIeIy D %06 LEEIAN (1T = ueo) Jo11g [PPOIN
Jo1I91s0q

Y J9rowreaedisdAH YVA-AOS( J10J IOLI9)SO pue I0LIJ

UVA PoyLIjsarun) yum [9po]N dHSA PeIewrsy oy} Jo 314 ay3 jo uosiredwo) ‘g1 9[qEL




Vol. 17 No. 4 International Trade Finance and the Cost Channel 161

Figure 6. U.S. Monetary Contraction
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5.4.4 Comparison of Shock Propagation Mechanism across
Estimated Versions of the Model

This section illustrates the differences in propagation mechanisms
using estimated impulse responses from the model. Figure 6 shows
the impulse response of a one-standard-deviation U.S. monetary
contraction (median and 90 percent confidence bands) using the
estimated model with U.S. trade finance (the model with the
higher posterior probability than the standard model). For com-
parison, the figure also shows two impulse responses corresponding
to the standard model. One of these (labeled “Estimated w/o Trade
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Finance (Median)”) corresponds to the estimated model without
trade finance constraints, and the second (labeled “Simulated w/o
Trade Finance”) corresponds to the impulse response from the sim-
ulated model with all parameters at the posterior mean from the
model with trade finance constraints except the trade finance depen-
dence parameters themselves, which are set to zero. These are two
alternate ways of comparing the results with the estimated model
with trade finance. Qualitatively, the results in figure 6 are broadly
in line with the simulation results. Quantitatively, the figure shows
that while the models generate similar predications for the response
of domestic GDP, they differ appreciably in the response of foreign
GDP and terms of trade.

One implication of this is that for a large open economy like the
United States whose business cycle fluctuations are mostly driven by
domestic shocks, excluding trade finance from models might be an
innocuous omission. On the other hand, if the object of interest is to
study spillover effects from foreign shocks (as would typically be the
case for a small open economy), ignoring trade finance constraints
can lead to severe misrepresentation of the important transmission
channels in the model. This is due to the fact that trade finance
exerts its influence on shock propagation by affecting terms of trade,
which translates into changes in trade volumes. As far as the domes-
tic economy is concerned, it is therefore best seen as an additional
channel, while the main effects of the shock are likely to come from
the direct domestic impact of shock. On the other hand, as far as the
foreign economy and spillover effects are concerned, the entire effect
of the domestic shock is transmitted through the external sector,
which in turn is affected by trade finance. As a result, incorpora-
tion of trade finance matters more for spillover effects of shocks as
opposed to domestic effects.

6. Conclusion

An extensive literature in international trade has documented the
heavy reliance of international trade flows on external finance and
has shown that external financing matters more for international
trade as opposed to intranational trade. This paper assesses how this
feature affects aggregate business cycle fluctuations and the trans-
mission mechanism of monetary policy. It does so by modeling the
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link between trade finance and the cost channel of monetary pol-
icy in a two-country New Keynesian model. Unlike the domestic
component of the cost channel of monetary policy which has been
studied extensively in the literature, the paper shows that the cost
channel when combined with trade finance has much richer implica-
tions for business cycles, both qualitatively and quantitatively. More
specifically, it shows that when external sectors are symmetric across
countries, trade finance constraints lead to sharp movements in trade
prices and volumes, but do not significantly alter the response of
GDP to shocks in either the home country or abroad, due to offset-
ting effects. On the other hand, if external sectors are asymmetric,
trade finance constraints significantly change the response of GDP to
both monetary and nonmonetary shocks. The paper identifies vari-
ous sources of such asymmetry (including differences in import price
flexibility) and studies their implications. The parameter estimates
provide compelling evidence for asymmetry in import price flexibil-
ity across the two countries. In particular, U.S. retail import prices
are found to be more flexible than their European counterpart.
Using Bayesian techniques, the paper estimates a two-country
DSGE model with macroeconomic time-series data from the United
States and the euro zone, two regions which share one of the largest
bilateral trade relationships in the world. Based on model compar-
ison exercises, models that appropriately incorporate trade finance
constraints are shown to be preferred by the data. Furthermore,
trade finance is found to have a larger impact on spillover effects of
shocks rather than the effects on the country of origin. For example,
euro-zone output contracts sharply in response to U.S. monetary
contractions once the model is allowed to appropriately account for
the trade finance channel, while the impact is indistinguishable from
zero in the model without trade finance. In addition, appropriately
accounting for trade finance in the model significantly reduces the
importance of external (including domestic U.S.) shocks for euro-
area business cycles. This is an important takeaway for policymak-
ers, as the role of external versus domestic shocks in driving business
cycle fluctuations has different implications for their policy frame-
works. These results also carry important implications for the theory
of competitive devaluations. By relaxing financing constraints on
exporters and importers worldwide, devaluations are likely to boost
trade volumes even more strongly than inferred by standard models.
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An important limitation of this paper that future research war-
rants addressing is with respect to the rigidity in modeling the choice
of trade finance by firms. Firms in the model are not allowed to
switch between sources of funding in response to shocks. While this
assumption is well grounded in the large body of empirical work
documenting the stickiness in firms’ funding sources (Degryse et al.
2019, Jiménez et al. 2012, and Khwaja and Mian 2008), and may be
justifiable for the sample period considered in the paper which coin-
cides with the great moderation period when the shocks hitting the
economy were not too large, an extension of the model to endoge-
nize firms’ funding choices is bound to provide a more comprehensive
understanding of the role of trade finance for business cycle fluctua-
tionsP? Tf firms could switch instantaneously, completely, and cost-
lessly from one funding source to another, then the impact of trade
finance on business cycles could be mitigated. The mitigation would
be particularly pronounced, and may even lead to a rise in trade, if
the interest rates of the two countries move in opposite directions
in response to a shock, since in that case exporters and importers
would benefit from a decrease in the cost of financing by switching
to the lower interest rate. The fact that the data overwhelmingly
find a role for trade finance is indicative that while firms may switch
between funding sources, it may not be reasonable to assume that
this switch is instantaneous and costless.

Appendix A. Model with Sticky Wages
The household problem is to maximize utility given by
e .
max > (800 Ey(Ury;(Ciyj, Hip gy Neyj(h)) (A.1)
§=0
subject to the per-period budget constraint given by

P{CpiCt + /Mt,tJrl(S)DtJrl(S) < WiNi + Dy +T; (A.2)

S

52Indeed, recent empirical work looking specifically at exporting firms has
found that many of them do in fact switch sources of funding in response to
shocks—see, for instance, Antras and Foley (2015), Demir and Javorcik (2018)
and Garcia-Marin, Justel, and Schmidt-Eisenlohr (2019).
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and the labor demand schedule given by

No(j) = ( V;t/i;f )>n Nyvt. (A.3)

Here (1 — 6,) denotes the time-invariant probability of
re-adjusting wages in a given period.

The first-order condition implies the following expression for the
wage negotiated by households who optimize in a given period:

32, (80.0)7 By (Noyy (WU (¢ + )
35 (802)9 B (News (WUt +35) (%52) 52 )

Pec,t+j

Wy = (A.4)

which linearizes to
w; = (800) Eu(wiyy) + (1= 800) (Un () = Uel)) + (1)) . (A5)
The aggregate wage evolves according to the following equation:
Wy = (1 — O)w} + Otdy_1. (A.6)

Combining (A.5) and (A.6), we can write the Phillips-curve ana-
logue of real wage inflation as follows:

R B0 . 0w .
wy = WEthl + th—l
(1 B /Bew)(l B ew)

(Un(t) = Ua(t) + po(t)).

1+ p62
Appendix B. Bayesian Estimation Preliminaries

Let M denote a generic model and let 6y be the vector of para-
meters associated with it. Let Y denote the data that is used to
estimate the model (note that Y does not have an M subscript, i.e.,
it is assumed that the data used is the estimation routine is constant
across models). Bayesian estimation proceeds by specifying a prior
distribution over #y; which is denoted here by P(M, ;). The prior is
then combined with the likelihood computed using the data to form
the posterior distribution of parameters as follows:

P(6y|M, Y) o P(Y|M, 6yr)P(M, 61g). (B.1)
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Draws from the posterior distribution are generated by apply-
ing the Gibbs sampler using standard Markov chain Monte Carlo
(MCMC) techniquesP3

B.1 Model Selection
The marginal density of the data given the model M is given by

P(Y|M) = /9 P(Y|M, 6y )P(M, 6y). (B.2)

This quantity has the interpretation of being the probability of
observing the data given the true model is M. In order to com-
pare two models M; and M, first the prior odds are specified for
both models. These are then combined with the marginal densities
to obtain posterior odds ratios which are used for the purpose of
model comparison.

PCY My )P(M;)
P(Y[Ma)P(M)

One advantage of the Bayesian framework is that the models do
not have to be nested 4 Throughout this paper, a non-informative
prior is assumed on the models (P(M;) = P(My) = 0.5) so that the
ratio of marginal data densities is equal to the posterior odds ratio,
which in this case is also equal to the frequently quoted statistic
called the Bayes factor.

Appendix C. Bayesian Estimation Robustness Checks

The parameters quantifying import price flexibility as well as the
elasticity of marginal cost with respect to the risk-free rate are crit-
ical in determining the role played by trade finance in propagation
of business cycle shocks. This section conducts a series of robustness
checks with regard to these parameters. Table C.1 reports posterior

53See Koop, Poirier, and Tobias (2007) for an overview of MCMC techniques.

54Note however that in order for the data densities to be comparable, the data
used in estimating the two models should be the same and the priors should be
proper (i.e., they should define a valid distribution that integrates to one). These
conditions will be imposed throughout the paper in order to keep the model
comparisons valid.
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Table C.1. Posterior Means of Key Parameters under
Different Model Assumptions/Restrictions

OUS Import OEU Import 6EU—>US 6US—>EU
o.=1 0.31 0.72 2.02 1.68
n=1 0.33 0.96 2.40 1.94
Domestic Cost
Channel 0.33 0.84 2.36 1.89
Sticky Wages 0.37 0.84 2.12 1.79

Note: The prior mean and standard deviation of the parameters is the same as that
in the benchmark case (table 6) except when indicated in the first column.

means of these parameters under different variations of the model.
For each of the cases reported in table C.1, the prior mean and
standard deviation of the parameters is the same as that in the
benchmark case (table 6) except when indicated in the first column.

Since the elasticity of intertemporal substitution is estimated to
be somewhat higher in comparison with the literature in the baseline
case, the first row considers a model with log utility. The second row
considers another restriction on the model by fixing the intratem-
poral elasticity of substitution between domestic and foreign bun-
dles. As argued before, there is little consensus in the value of this
parameter in the literature, and a value of 1 can be considered a
compromise between the trade and business cycle literaturesPd The
third row considers a model in which the cost channel of monetary
policy is operational even in the domestic sector, i.e., even the goods-
producing firms are required to borrow in order to finance their wage
bill. This is typically how the cost channel of monetary policy has
been modeled in the literature so far P9 As is evident from the results
reported in the table, the estimates of the main parameters of inter-
est are robust to all these departures from the baseline version of
the model.

%A more thorough approach would be to allow for dynamic elasticities as
discussed in Crucini and Davis (2013) and Drozd, Kolbin, and Nosal (2014).
However, this approach is not undertaken since the main message of the paper is
robust to the value of the elasticity used.

6See, for instance, Barth and Ramey (2002), Christiano, Eichenbaum, and
Evans (2005), and Ravina (2007).
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Table D.1. Comparison of Data- and
Model-Generated Variances

Model with Model without
Data Trade Finance Trade Finance
1 gUSCPI 1.55 0.85 1.2
9 TBU.CPI 2.78 4.92 2.75
5 AYUS 0.31 0.39 0.4
6 AYFU 0.22 0.34 0.31
7 %AFE 19.99 18.58 21.42

Appendix D. Posterior Predictive Moments

The estimation results in the main text show that the model with
trade finance provides a better fit to the data, as measured by the
marginal density. To help shed some light on which moments of the
data the two models help match better, this section discusses some
of the posterior predictive moments generated by the two models
and compares them with their counterparts in the dataP7 Table D.1
presents a comparison of the variances of output and inflation for
the two countries as well as the nominal exchange rate deprecia-
tion. While the model with trade finance yields variances for U.S.
output and the nominal exchange rate depreciation that are closer
to the data, the model without trade finance performs better with
respect to the other variances. The model with trade finance begins
to outperform the model without trade finance more systematically
when going to higher order and cross-moments. As an example,
table D.2 presents a comparison of the autocorrelations of the differ-
ent variables generated by the two models with the data. An entry of
“1” indicates that the corresponding value of the model with trade
finance was closer to the data, while “0” indicates that the value
for the model without trade finance is closer to the corresponding
value in the data. In total, the model with trade finance generates
moments that are closer to the data in 42 out of the 72 possible
instances.

57See An and Schorfheide (2007) for a similar approach.
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Appendix E. Data

E.1 Correlations and Plots

This appendix provides the details and sources for the data used
in the empirical part of the paper. Unless otherwise mentioned, the
data are at quarterly frequency from 1983:Q1-2007:Q4. They are
seasonally adjusted and demeaned before estimation.

U.S. Data:

o RUS: Effective federal funds rate, nominal, annualized,
percentage

o AYUS: Quarter-to-quarter growth rate of GDP per capita
computed as follows:

GDP, GDP;_
Uus _ t\ U1
AY,;”” =100 [ZOQ<P0Pt> log(POPt_l)]

Note: Nominal GDP is converted to real using the GDP
deflator.
e CPI Inflation:

mOPEUS = 400 [log (CPIL) — log (CPI,_y)]
o GDP Deflator Inflation:
—7CPPUS — 400 [log (GDPDEF;) — log (GDPDEF;_,)]

e Import Price Inflation (used only in robustness checks, not
used in benchmark estimation)

_WgM’US =400 [log (Prar,t) — log (Pras,i—1)]

Data Sources: The data for the U.S. block are taken from the
Bureau of Economic Analysis (BEA) National Income and Product
Accounts (NIPA). The data on population are taken from Ramey
(2011)’s publicly available data set.

EU Data:

e REFU. Effective federal funds rate, nominal, annualized,
percentage
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o AYPU: Quarter-to-quarter growth rate of GDP per capita
computed as follows:

AYFY =100 [log (GDPt) — log <GDPt_1>}

POPt POPt—l

Note: Nominal GDP is converted to real using the GDP defla-
tor.
e CPI Inflation:

7 OPLEY — 400 [log (CPI,) — log (CPI;_4)]
e GDP Deflator Inflation:
—xEPPEV — 400 [log (GDPDEF,) — log (GDPDEF;_4)]
e Nominal Exchange Rate Depreciation:
—AFE; =log(Ey) — log(Ei—1)

Data Sources: The data for the EU block are taken from the
European Central Bank (ECB) Area Wide Model (AWM) database.
The nominal effective exchange rate series before 2000 is taken from
Lubik and Schorfheide (2006)’s publicly available database.

Trade Data:

e Bilateral trade data between the United States and the Euro-
pean Union at quarterly frequency are taken from the Interna-
tional Monetary Fund’s (IMF’s) Direction of Trade Statistics
(DOTS). The database only covers merchandise trade and is
used in this paper as a proxy for total trade.

trade Exports, + Imports;
AN =100 (I
GDP [Og ( GDPUS )
Exports;_1 + Imports;_1
- E.1l
oo (PP pe )|
Import Imports; Imports;_1
A =100 |! — | =1 —_—
aop ~ 0 [ °9 < GDP, ) °d < GDPUS )]

(E.2)
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