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Abstract

The paper examines the impact of trade credit on cyclical fluctuations in interna-
tional trade. It provides new empirical evidence based on firm-level UK and Irish
data showing that exporters use trade credit more actively and intensively than non-
exporters. The study introduces inter-firm lending into an open economy general
equilibrium model with heterogeneous firms and endogenous entry into the exports
market. It demonstrates that trade credit amplifies the impact of macroeconomic
shocks on international trade both along the intensive and extensive margins and
that it significantly contributes to the high trade income elasticity observed in the
data.
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1 Introduction

One of the prevalent features of international business cycle fluctuations which is
difficult to reconcile with standard open economy macroeconomic models is the
high volatility of imports and exports relative to output and strong procyclicality
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of international trade. The average elasticity of world trade to world income was
estimated to be equal to 1.7 during the second half of the last century (Irwin, 2002)
and 3.7 in the 2000s (Freund, 2009).1 In contrast, a canonical international business
cycle model implies trade income elasticity equal to one. While recent research has
demonstrated that the high sensitivity of international trade to changes in output can
to some extent be explained by the composition of international trade, vertical trade
integration and inventory adjustment (Alessandria et al., 2010; Bems et al., 2010;
Bussiere et al., 2013; Eaton et al., 2016; Engel & Wang, 2011; Levchenko et al.,
2010), the impact of financial factors on cyclical trade fluctuations is not well under-
stood. This paper investigates whether and to what extent trade credit representing
inter-firm lending contributes to the high volatility of international trade flows and
the procyclicality of trade openness, measured by the trade to output ratio.

The key contribution of this paper lies in its analysis of the impact of trade credit
on cyclical fluctuations in international trade and the international transmission of
shocks. The paper first provides new empirical evidence on the differences in the
intensity of trade credit use by exporting and non-exporting firms based on financial
data of 60,000 firms in the UK and Ireland. It shows that the percentage of firms
supplying and receiving trade credit is higher among exporters than non-exporters
and that firms engaged in international trade extend significantly more credit to their
customers as a fraction of their revenues than firms serving only the domestic mar-
ket. Secondly, the study introduces inter-firm lending and counterparty risk into an
open-economy general equilibrium model with heterogeneous firms and the exten-
sive margin of trade. It then examines how trade credit alters the transmission of
shocks in the economy and the dynamics of international trade.

Trade credit, which allows customers to delay payment until some time after
delivery and is mostly associated with the purchase of intermediate goods, is one
of the most important sources of short-term financing for firms (Demirguc-Kunt &
Maksimovic, 2001; Petersen & Rajan, 1997; Rajan & Zingales, 1995; Kohler et al.,
2000). Corporate surveys indicate that the majority of firms make the majority of
their sales on credit (Wilson & Summers, 1997). Raddatz (2010) reports that in 60
percent of countries covered by Worldscope trade credit constitutes a more impor-
tant source of short-term financing for firms than bank credit.

Trade credit plays a particularly important role in facilitating international trade.
It is estimated that between 80 to 90 percent of international transactions rely on
some trade finance facilities (Auboin, 2009). According to the IMF/BAFT-IFSA
Trade Finance Surveys, over 60 percent of these transactions are supported by trade
credit (Asmundson et al., 2011).2 While most empirical studies on trade credit do
not distinguish between its use in domestic and international trade, Eck et al. (2012)
demonstrate, based on German survey data, that companies that export their goods

! High income elasticity of trade flows is also documented by OECD (2010) and Aiello et al. (2015).

2 The most common form of trade finance, used in about 40 percent of transactions, is open account
financing, in which the exporter grants credit to the importer directly and bears the non-payment risk. A
further 20 per cent of transactions are financed through cash-in-advance in which the exporter receives
trade credit from the importer.
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are significantly more likely to extend and receive trade credit than firms selling
their goods only on the domestic market and they also have relatively larger aver-
age shares of transactions for which trade credit is given and received. There are a
number of factors which may contribute to the relatively more intensive use of trade
credit in international transactions. Firstly, due to the fact that international trade
involves longer shipment times and additional time for the completion of cross-
border administrative procedures,’ it is associated with longer time lags between
production and the receipt of sales revenues, including trade credit repayments.
This leads to greater working capital requirements and it also increases the value
of accounts receivable in proportion to annual sales revenues, which is the standard
measure of the intensity of trade credit provision.* Secondly, exporters, which are
on average larger and more productive than non-exporting firms’ tend to have better
access to external finance and may be in a better position to supply trade credit to
their customers.® Furthermore, Eck et al. (2012) show within a theoretical model, for
which they find empirical support, that the widespread use of trade credit in inter-
national trade may be due to the inherently greater degree of uncertainty in inter-
national than in domestic transactions. Trade credit can reduce this uncertainty and
alleviate the resulting financial constraints by serving as a quality signalling device.
Trade credit exposes its supplier to a counterparty risk which has been shown
to be substantial. Using French firm-level data, Boissay and Gropp (2007) show
that defaults on trade credit are common—on average 19 percent of firms default at
least once per quarter. The defaults faced by firms correspond on average to about
2 percent of their receivables. The average share of quarterly defaults in current lig-
uid assets is as high as 44 percent—they can therefore constitute a major liquid-
ity shock. Jacobson and Schedvin (2015) demonstrate using Swedish data that trade
credit suppliers incur considerable trade credit losses due to trade debtor failures and
that their bankruptcy risks increase with the size of the losses incurred. The authors
find that 8.3 percent of firms face at least one trade debtor failure in a year and that
firm failures impose larger credit losses on the corporate sector than on the banking
sector. Bradley and Rubach (2002) and Bradley and Cowdery (2004) find that non-
payment of trade credit by customers is one of the most important causes of bank-
ruptcy among US firms. The high risk associated with trade credit is reflected in the
relatively high cost of this type of financing. The discount rates typically offered for
early payment, which can serve as a proxy for trade credit price, are equivalent to
annual interest rates of over 40 percent (Boissay, 2006; Petersen & Rajan, 1997).

3 See Hummels and Schaur (2013) and Djankov et al. (2010) for empirical evidence.

4 Due to the way in which the ratio of accounts receivable to sales revenues is calculated, it reflects both
the fraction of goods which are sold and purchased on credit terms and the average time period within
which the credit is repaid.

5 Bernard and Jensen (1995, 1997, 1999, 2004) provide extensive empirical evidence of this phenom-
enon while Melitz (2003) explains it within a theoretical framework.

6 Manova (2013) and Chaney (2016) show theoretically that financially constrained firms are less likely
to export their goods and their results were confirmed empirically by Buch et al. (2010), Bellone et al.
(2010), Minetti and Chun Zhu (2011) and Muuls (2015) for German, French, Italian and Belgian firms,
respectively.
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Cuiiat (2007) shows theoretically and empirically that the high interest rates on trade
credit arise from the existence of a default premium and a premium for insurance
against potential liquidity shocks, which the supplier provides for the customer. As
the non-payment risk depends on macroeconomic conditions and changes over the
business cycle, inter-firm lending can be expected to play a role in the propagation
of shocks in the economy.

In the model developed in this paper, macroeconomic shocks affect the default
rate among firms and the fraction of trade credit which is not repaid. Changes in
the riskiness of inter-firm loans lead to changes in their cost, which in turn alters
firms’ marginal costs and prices. Due to the differences in the intensity of trade
credit use in domestic and international transactions, macroeconomic shocks and the
accompanying changes in the counterparty risk associated with inter-firm lending
affect the domestic and foreign market price of traded varieties differently, which
leads to changes in the relative price of domestic and imported goods. Macroeco-
nomic shocks as well as the resulting changes in international relative prices affect
the profitability of exports and induce changes in the fraction of varieties which are
traded internationally. This causes further adjustment in the relative price of and the
demand for domestic and imported goods and, in consequence, also in the volume of
international trade.

This study demonstrates that due to differences in the riskiness of international
and domestic transactions, cyclical changes in the cost of trade credit amplify the
impact of macroeconomic shocks on trade both along the intensive and extensive
margins. The model generates trade income elasticities considerably larger than one
and shows that inter-firm lending significantly contributes to the high volatility and
strong procyclicality of international trade flows observed in the data.

The remainder of the paper is organized as follows. Section 2 discusses related lit-
erature. In Sect. 3 new empirical evidence on the use of trade credit by exporters and
non-exporters in Ireland and in the UK is presented. Section 4 outlines the model
developed to account for the impact of inter-firm lending on cyclical fluctuations in
international trade. Section 5 describes the calibration of the model parameters. In
Sect. 6 the quantitative effects of trade credit on cyclical trade fluctuations and the
international transmission of shocks are discussed. The last section concludes.

2 Related literature

This paper contributes to the literature that attempts to explain the stylized facts of
international business cycles, in particular those related to trade. A number of stud-
ies point to the role of the composition of international trade in accounting for its
cyclical fluctuations. Engel and Wang (2011) document the high volatility and pro-
cyclicality of both imports and exports and show that they can be attributed to a
large extent to trade in durable goods. Boileau (1999) and Erceg et al. (2008) dem-
onstrate that trade in capital goods significantly contributes to the volatility of inter-
national trade, net exports and the terms of trade. The importance of compositional
effects in accounting for the dynamics of international trade has also been confirmed
by Levchenko et al. (2010), Bussiere et al. (2013) and Eaton et al. (2016). Bems
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et al. (2010) emphasize the significance of vertical linkages and vertical specializa-
tion in understanding international trade flows. Inventory adjustment has been iden-
tified as another factor responsible for the high volatility of international trade (Ales-
sandria et al., 2010). Ghironi and Melitz (2005) show that accounting for firms’
heterogeneity and endogenous entry into the exports market helps explain a number
of features of international business cycle fluctuations including the Harrod—Bal-
assa—Samuelson effect. Raffo (2008) highlights home production as an important
factor determining the behavior of net exports and the terms of trade. Jiang (2016)
explores the effects of demand shocks within the international real business cycle
framework and finds that they are essential in accounting for the procyclicality and
high volatility of imports, exports and trade openness. In contrast to previous stud-
ies, this paper investigates the role of inter-firm lending in explaining the dynamics
of international trade. While there is a growing literature on financial frictions in
open economies and their impact on international business cycles (e.g. Faia, 2007,
Iacoviello & Minetti, 2006; Kollmann et al., 2011; Perri & Quadrini, 2018; Yao,
2019), existing research in this area does not generally focus on explaining the styl-
ized facts associated with international trade flows.

The paper also relates to the literature on inter-firm lending. While the motivation
behind the widespread use of trade credit has been studied extensively both from a
theoretical and an empirical perspective,” the macroeconomic implications of this
type of financing are not well understood. Until recently, research in this area focused
predominantly on a closed economy and the use of trade credit in domestic transac-
tions. Kiyotaki and Moore (1997) showed within a partial equilibrium framework
that trade credit can amplify the effects of shocks on the level of economic activity.
In the presence of trade credit supply chains, a temporary shock to the liquidity of
some firms may trigger a sequence of bankruptcies and a severe decline in output, as
firms facing a default by their customers may be forced to default on their own sup-
pliers, propagating the shock through the economy. This theory was subsequently
extended to a general equilibrium framework and tested empirically (Boissay, 2006;
Boissay & Gropp, 2007; Cardoso-Lecourtois, 2004; Jacobson & Schedvin, 2015;
Raddatz, 2010). Conversely, a number of studies investigated whether and to what
extent trade credit may help to mitigate the impact of shocks to the economy by
providing an alternative to bank loans as a source of external finance for firms in
times of tight monetary policy and financial distress (Atanasova & Wilson, 2003;
Calomiris et al., 1995; Choi & Kim, 2005; Garcia-Appendini & Montoriol-Garriga,
2013; Guariglia & Mateut, 2006; Huang et al., 2011; Kohler et al., 2000; Love et al.,
2007; Mateut et al., 2006). Both propositions found some empirical support. Using
a model of inventory investment with capital market imperfections, Yang (2011)
demonstrated that, depending on monetary policy conditions, trade credit and bank
credit can be either substitutes or complements. Khan et al. (2020) showed that trade
credit can alleviate the adverse impact of uncertainty on firms by weakening the
negative relationship between uncertainty and leverage. Alexandre and Lima (2020),
who analyzed the macroeconomic effects of trade credit in a closed economy using

7 For an overview of the literature see Petersen and Rajan (1997) and Klapper et al. (2012).
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an agent-based model, found that the availability of trade credit may facilitate finan-
cial robustness but at the cost of lowering the average level of output in the economy.

While the great trade collapse of 2008-2009 triggered by the global financial
crisis generated considerable interest in the role of trade credit in an international
context, studies on this topic focus almost exclusively on the microfoundations of
inter-firm lending and the choice of trade finance instruments by firms (Ahn, 2011;
Antras & Foley, 2015; Schmidt-Eisenlohr, 2013) rather than on their consequences
for international business cycles. Furthermore, they are conducted within a partial
equilibrium framework. Patel (2016) provides a notable exception by examining
the interaction between trade finance and monetary policy in a two-country New
Keynesian DSGE model and showing that it plays a significant role in the inter-
national propagation of shocks. This paper, by contrast, investigates the impact of
inter-firm lending on cyclical fluctuations of international trade along the intensive
and extensive margins.®

3 Trade credit use—empirical evidence

There are two main measures of the intensity of trade credit use: the ratio of accounts
receivable to sales revenues, which represents trade credit that firms provide to their
customers, and the ratio of accounts payable to the cost of goods sold, which corre-
sponds to trade credit that firms obtain from their suppliers.’ Trade credit constitutes
a substantial component of corporate assets and liabilities. Dass et al. (2015) show
using Compustat data that in the period from 1997 to 2008 the average value of
accounts receivable to sales in the US was 17.8 percent, while the average ratio of
accounts payable to sales was 12.9 percent. Raddatz (2010) reports that in a sample
of 43 countries the ratio of accounts payable to the cost of goods sold ranges from
7 to 33 percent and its mean and median values are equal to 15 and 14 percent,
respectively.

While trade credit is prevalent both in domestic and international transactions, it
is particularly widely used by exporting firms. Eck et al. (2012) examined the differ-
ences in the patterns of inter-firm lending between internationally active and non-
active firms based on German data from the 2004 Business Environment and Enter-
prise Performance Surveys (BEEPS). The authors demonstrate that exporters use
trade credit more actively and more intensively than non-exporting firms. 94 per-
cent of exporters supply trade credit to their customers, as compared to 80 percent
of non-exporters. The fractions of firms obtaining trade credit from their trading
partners are equal to 96 percent for exporters and 92 percent for non-exporters. The
average share of transactions for which trade credit is provided is also significantly

8 Changes in trade along the intensive margin refer to changes in the volume of already traded varieties,
whereas changes in trade along the extensive margin correspond to changes in the number of varieties
traded.

° For a given firm and a given year these ratios are equal to the average value of accounts receivable/
accounts payable at the end of the current and the previous year divided by the total value of sales rev-
enues/cost of goods sold in the current year.
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higher for internationally active firms and is equal to 64 percent for exporters and 49
percent for non-exporters. The corresponding shares of transactions for which trade
credit is received are equal to 75 percent among exporters and 63 percent among
non-exporting firms.

This study provides new evidence on the discrepancies in the pattern of trade
credit use between exporters and non-exporters. Analysis of financial data from the
60,000 largest British and Irish companies reveals that trade credit is a major source
of short-term financing for firms and that it is considerably more widely used by
companies engaged in international trade than by firms serving only the domestic
market. The firms covered by the analysis jointly represent over 99 percent of the
total revenue and over 99.9 of the total employment in the corporate sector in Ire-
land and in the UK.

An overwhelming majority of British and Irish firms gives and receives trade
credit. Between 2003 and 2014 on average 80 percent of the 60,000 largest Brit-
ish and Irish companies recorded positive values of ‘trade debtors’, which corre-
sponds to trade credit granted, and 83 percent of these firms had positive values of
‘trade creditors’, which represents trade credit received. Inter-firm lending was even
more widespread in the manufacturing sector, in which on average 84 percent of
firms provided trade credit to their customers and 83 percent of firms obtained trade
credit from their suppliers. The average ratio of trade debtors to sales revenues in the
period covered by the analysis was equal to 13 percent among manufacturing firms
and 12 percent overall.

The fraction of UK and Irish firms providing trade credit to their customers is
considerably higher among exporters than non-exporters. The pattern of a more
intensive use of trade credit by internationally active firms is very pronounced both
in manufacturing and in the entire population of firms. It is also independent of the
firms’ scale of operation. Table 1 shows a range of measures of the intensity of trade
credit use by UK and Irish manufacturing firms in the period 2003-2014, while
Table 2 provides similar statistics for firms from all sectors of the economy. The
three measures of the intensity of trade credit provision presented are the mean and
median values of the ratio of trade debtors to turnover (TN and TD, respectively),
which represents trade credit granted as a fraction of sales revenues, and the per-
centage of firms for which the value of trade debtors is positive (TF) and which are
therefore trade credit providers.'°

In the manufacturing sector the measures of trade credit use are calculated for
two different subgroups of firms—the largest 1000 and 10,000 companies in terms
of their revenues.!! Among the top 1000 manufacturing firms, 97 percent of export-
ers and 93 percent of non-exporters extended trade credit to their customers. The
average ratio of trade credit granted to turnover was equal to 12.6 percent among

10" Among the 15,000 largest manufacturing firms about 66 percent reported their national and overseas
turnover separately, which made it possible to determine their export status and include them in the sam-
ple for which the measures of trade credit use were calculated. The fraction of firms for which export
status could be determined was equal to 53 percent among the 60,000 largest UK and Irish firms.

! The revenues of the firms included in these different subgroups represent on average 82 and over 99
percent of total revenues generated in the manufacturing industry, respectively.
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internationally active firms and 9.1 percent among firms selling their goods only on
the domestic market. If we assume that trade credit is usually granted for about two
months, in line with the empirical evidence provided by Klapper et al. (2012), then
this would imply similar estimates of the intensity of trade credit use by exporters
and non-exporters to the ones obtained by Eck et al. (2012) for German firms based
on survey data. For all the different sample sizes and all the different years covered
by the analysis the mean ratio of trade debtors to revenues was higher for exporters
than for non-exporters—with the average difference ranging from 2.3 to 3.5 per-
centage points, depending on the number of firms included in the analysis. For all
sample sizes and all years the differences in the means are statistically significant at
the 1 percent significance level.'? Similarly, for all sample sizes and all years consid-
ered the fraction of exporters granting trade credit is higher than the fraction of non-
exporters acting as trade credit providers. Over the time period analyzed, the average
difference between these fractions lies between 4.2 percentage points for the largest
1000 firms and 5.7 percentage points for the largest 10,000 firms.

The relatively more widespread use of inter-firm lending by exporters is not lim-
ited to manufacturing firms and can be observed among all firms in the economy.
Among the top 60,000 British and Irish firms, representing over 99 percent of cor-
porate sector revenues, on average 94 percent of exporters acted as trade credit pro-
viders, as compared to 81 percent of non-exporters. The average ratio of trade debt-
ors to turnover in the period analyzed was equal to 16.1 percent for exporters and
11.3 percent for non-exporting firms. For all sample sizes and for all years covered
by the analysis apart from one the differences in the ratios of trade debtors to turno-
ver for exporters and non-exporters were positive, substantial and statistically sig-
nificant at the significance level of 1 percent.'® Furthermore, for all sample sizes and
all years the percentage of firms extending trade credit is relatively higher among
firms engaged in international trade and the differences in the ratios of trade credit
providers among exporters and non-exporters range from an average of 6.2 percent-
age points for the largest 5000 firms to an average of 12.5 percentage points for the
largest 60,000 firms.

The ratio of accounts receivable to sales revenues reflects the extent to which the
trade credit supplier is exposed to non-payment risk on the part of its customers. The
more extensive use of trade credit by internationally active firms leaves them more
exposed to the counterparty risk associated with such credit and more vulnerable to
changes in macroeconomic conditions which affect the risk of non-payment. The
next section develops a model which introduces trade credit and counterparty risk
into an open-economy general equilibrium framework with heterogeneous firms and
which is then used to analyze the effects of inter-firm lending on the international
transmission of shocks.

12 Tables 1 and 2 show that the ratio of trade debtors to turnover is remarkably stable over time, although
it somewhat declined during the global financial crisis of 2008—-2009. This indicates that the value of
trade credit granted is closely related to sales revenues and is therefore strongly procyclical.

13 The revenues of the companies included in the subsamples of the top 5000 and 60,000 firms examined
represent on average 87 and over 99 percent of total revenues generated by UK and Irish firms, respec-
tively.
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4 Model

The world economy consists of two symmetric countries: Home and Foreign.
Each country is populated by utility-maximizing households and profit-maximiz-
ing, monopolistically competitive firms. There are two types of firms: interme-
diate goods producers and final goods producers. Intermediate goods producers
employ domestic labor in order to produce intermediate inputs and sell them to
the producers of final consumption goods. They decide whether to sell their goods
only in the domestic market or whether to export them as well. Final goods pro-
ducers combine intermediate inputs produced both in the domestic and in the for-
eign economy in order to produce differentiated final consumption goods, which
are then sold to domestic households. When selling their goods, the intermedi-
ate goods suppliers provide trade credit to final goods producers and are thereby
exposed to credit risk. In each period an endogenously determined fraction of
trade credit granted is not repaid as a result of defaults in the sector producing
final consumption goods. Business cycles are driven by aggregate productiv-
ity shocks and preference shocks leading to changes in aggregate demand. It is
assumed that prices are flexible and that households have access to a complete set
of state-contingent assets traded internationally.

All firms in the economy are subject to idiosyncratic productivity shocks. In
the sector of intermediate goods, firm heterogeneity with regard to productivity
leads to time-varying entry into the exports market and generates fluctuations in
international trade along the extensive margin. Idiosyncratic productivity shocks
in the sector of final consumption goods result in time-varying defaults in this
sector which affect the cost of trade credit and the relative prices of domestic and
foreign goods and contribute to changes in trade along the intensive margin. As
the number of traded varieties determines the share of each variety in the con-
sumption basket and as changes in the relative demand for domestic and foreign
goods affect the profitability of exports, these two margins of trade interact with
each other. As in the seminal paper by Melitz (2003), firm heterogeneity is inte-
grated into the model in such a way that all the information on the distribution
of productivity levels across firms which is relevant for aggregate outcomes is
completely summarized by productivity averages for different categories of firms.

4.1 Households

In each country there is a continuum of identical, infinitely-lived households. A rep-
resentative household supplies labor to the producers of intermediate and final con-
sumption goods in the domestic economy and consumes a basket of final consump-
tion goods. Its period utility function is additively separable in consumption, C,, and
labor, L,, and is given by:
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l —c LH'(P
E k z+k ol — t+k
z P -0 1+¢ @)

where f € (0, 1) is the intertemporal discount factor, ¢ > 0 is the inverse of the
intertemporal elasticity of substitution in consumption, ¢ > 0 is the inverse of the
Frisch elasticity of labor supply,e* represents a shock to the marginal utility of con-
sumption such that u, = y,u,_; + &', v, € (0;1) and &' ~ N(O, 0'5).

Households choose their consumption and labor supply in order to maximize
their expected discounted lifetime utility subject to a sequence of budget constraints:

PtCt +E, [Ot,t+lDt+l] =WL+D,+ Hz 2)

where P, is the aggregate price level in the Home economy at time ¢, W, denotes
nominal wage and II, is a lump sum component of households’ income including
dividends from the ownership of firms. O, is the stochastic discount factor for
one-period ahead nominal payoffs, D, is the nominal payoff in period ¢ + 1 of the
portfolio held at the end of period ¢. Households have unrestricted access to a com-
plete set of internationally traded state-contingent claims.

The solution to the household decision problem gives the following intratemporal
labor supply equation:

W, -
— @ —u,
P Cz Lie 3)
t

which equalizes real wage with the marginal rate of substitution between consump-
tion and leisure.

The optimal consumption choice in the Home economy satisfies the following
intertemporal Euler equation:

C—o'eu, — ﬂE [ 68”'“ 1 Pt ] (4)
! ' = Ott+1 Pl+l

while in the Foreign economy the consumption Euler equation is given by:'*

C*°¢" = JE, [C* ogury L —S i ]
) et = 5
t t+1 0ll+1 Sl+1Pz+1 ( )

where S, is the nominal exchange rate, expressed as the price of one unit of the for-
eign currency in terms of the domestic currency.

Assuming that the Home and Foreign economies are initially perfectly symmet-
ric, the well-known risk-sharing condition holds:

C\ iy SP
<Ci‘> TR ©

14 Throughout the paper, Foreign variables are denoted by an asterisk.
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according to which the ratio of marginal utilities of consumption in the Home and
Foreign economy is equal to the ratio of relative prices of consumption in these
economies.

Each household consumes all varieties of the final consumption goods which are
produced in the domestic economy and are indexed by j. The consumption aggrega-
tor, C,, is defined as:

o

1 op-1
op-1 B

op—1
C = / C, dj ™)
0

where 0, > 0 is the elasticity of substitution between final consumption goods. The
utility-based consumption price index, P,, is therefore given by:

L
1 1-0p

1-6p .

P, = / P, " dj ®)
0

Given households’ preferences specified above, the demand for variety j of the final

consumption good, denoted by C;,, is positively related to the aggregate demand in

the Home economy, C,, and negatively related to the price of this variety, P;,, rela-
tive to the aggregate price index , P,, and can be written as:

P\
C,= <?> C, )
t

4.2 Firms
4.2.1 Intermediate goods producers

Each economy is populated by a continuum of monopolistically competitive inter-
mediate goods producers, indexed by i on the unit interval. They employ domestic
labor in order to produce differentiated intermediate goods using a production tech-
nology given by:

Vi,t = ZrAi,tLi,t (10)

where V;, is the output produced by firm i at time ¢ and L;, is the labor input used in
the production of that good. Firms are heterogeneous with regard to their productiv-
ity. Their productivity level in a given period is determined by two components: Z,,
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which is common to all intermediate goods producers and is subject to aggregate
shocks such that InZ, = z, and z, = y,z,_| + & where y, € (0;1) and & ~ N(O, 63)
as well as A;,, which is firm-specific. The idiosyncratic productivity draws A;, are
independent across firms and over time and they come from a distribution which is
time-invariant.

All the varieties of intermediate goods produced in the domestic economy are
sold to the producers of final consumption goods in the domestic economy. Some
of them are in addition sold abroad and the decision to export is endogenous. When
selling their goods, intermediate goods producers receive a fraction of their revenues
at the beginning of the period, before delivery, while the remaining part of the rev-
enues is paid at the end of the period, after the goods are delivered. The fraction
of revenues which is paid in advance of delivery and is therefore safe from coun-
terparty risk is equal to (1 — d;) for the domestic buyers and (1 — dj) for the for-
eign buyers. The parameters dy; and dj can be interpreted as a measure of the trade
credit provided by the domestic producers of intermediate goods to the domestic and
foreign producers of final consumption goods, which is subject to non-repayment
risk. It is assumed that d. > d,;, which reflects the relatively more intensive usage of
trade credit by exporting firms resulting, among other factors, from the longer time
lags between the dispatch and delivery of goods in international trade.'?

Due to the fact that in each period a fraction of final goods producers incurs
losses and defaults on their debt, at the end of the period intermediate goods sup-
pliers recover only a fraction of the trade credit extended. This fraction is equal to
(1 — p,) for trade credit granted to domestic final goods producers and (1 — p;‘) for
trade credit granted to foreign final goods producers, where p, and p are the Home
and Foreign trade credit default rates respectively—the fractions of the total value
of trade credit received by Home and Foreign final goods producers which are not
repaid. The default risk, and as a result also the trade credit default rates, are endog-
enous and change over time with changes in macroeconomic conditions driven by
aggregate shocks. As trade credit suppliers are assumed to hold sufficiently large
and diversified portfolios to ensure perfect risk pooling, they behave as if they were
risk neutral.

4.2.1.1 Domestic market All intermediate goods producers sell their goods in the
domestic economy. The supply of the variety i produced and sold in the Home econ-
omy is denoted by V, ;. and is equal to:

VH,i,t = ZrAi,tLH,i,t (11D

Firm i chooses the amount of labor Ly ; , used in the production of intermediate input
i for the Home market and the price of the input on this market Qy ; in order to
maximize its profits subject to the demand function and the production technology.

15 While in this paper the difference in the trade credit provision by exporters and non-exporters is exog-
enously imposed, it would arise endogenously in a richer model incorporating multi-period loans and a
time-to-ship friction in international trade.
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The profit of intermediate goods producer i obtained from sales of goods in the
Home economy is given by:

1%
i = [(1 - dH) +dy (1 - P;)] OniiXmis— XH,i,tA_tZ (12)
it

where Xp;, is the total demand for the intermediate good i by Home producers of
final consumption goods and it is given by:

1

XH,i,t= / XH,iJ,tdj (13)
0

Xy j. is the demand for the intermediate variety i by final goods producer j, which

depends on the relative price of this variety on the Home market, %, the total num-

t

ber of varieties of intermediate goods available for sale in the Home economy, equal
to 2 — N, as well as the aggregate demand for intermediate goods by the Home pro-
ducer j, denoted by X ,. 16

The optimal allocation of expenditures by producer j between the different varie-
ties of the intermediate input available in the domestic market implies:

)
1 Ouis\ "

Xy = ——— = X; 14

o= (723 (552) % o

where 6, is the elasticity of substitution between intermediate inputs. Q, is the aggre-
gate price index for the intermediate goods in the Home economy, which is given
by:

1
1 1-0 1 - N* 1-6,] 104
Q,=[(2_N*) H,/*+(2_N*) F] Z (15)

where Oy, and O, are the aggregate price indices for the Home and Foreign inter-
mediate goods, respectively, and are equal to:

1 1-04

o[ f o
0
and
1
1 1-04
O, = / Qi (17
N*

16 The number of varieties of intermediate goods available for sale in the Home economy is equal to
2 — N}, as 2 is the mass of intermediate goods producers in the whole world and N}’ is the share of inter-
mediate goods producers in the Foreign economy who do not export their goods.
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The total domestic demand for the variety produced by firm i is therefore equal to:

-0,
()&
where:
1
X, = / X; dj (19)
0

In equilibrium the total demand for the intermediate good i in the Home market,
Xy ;» needs to be equal to the supply of this good on this market, Vi ; .» Xy, = Vi i,

At the beginning of each period the intermediate goods supplier sets the price
for its good and is then prepared to sell it to any final goods producer at this price.
When setting the price, the intermediate goods producers know the realization of all
the aggregate shocks as well as their idiosyncratic productivity level in that period.
They also know the properties of the distributions of firm-specific shocks in their
sector and in the sector producing final consumption goods, which are the same at
home and abroad and which do not change over time. The profit-maximizing price
for the Home market is equal to a constant mark-up over marginal cost:

by W,

Oniv = mmgm

(20)

where g, is given by:

1
C(L—dy) +dy(1-p,)

8H, (21)
and can be interpreted as the cost of the trade credit suppliers’ insurance against
the domestic buyers’ default. Equation (20) shows that endogenous changes in the
trade credit default rate among final goods producers, p,, affect the marginal cost and
prices of the producers of intermediate goods and, as a result, also the demand for
these goods.

4.2.1.2 Export decision In each period the intermediate goods producers decide
whether to export their goods in addition to selling them in the domestic economy. If
a Home intermediate goods producer i decides to export its good, then the supply of
this variety on the foreign market is equal to Vi :

Vi = ZrAi,tLF,i,t (22)

and it is a function of the firm’s level of productivity and the domestic labor
employed in the production of this good for exports, denoted by Ly ; ..

In order to sell their goods abroad, the intermediate goods producers need to pay
a fixed cost of entering the exports market, equal to F, effective units of domestic
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labor. When exporting, they also incur an additional variable iceberg trade cost
equal to a constant fraction z of the value of the goods exported. Firms can decide
whether to enter the exports market in period ¢ after observing all the aggregate
shocks in that period and also their idiosyncratic productivity levels, A;,. When
making their export decisions, the intermediate goods producers also know the
properties of the distributions of firm-specific productivity in the sector producing
final consumption goods at home and abroad, Bj,, and B;.f » which are time-invariant.
Firms only choose to export their goods if the additional profits from the sale of
goods abroad are greater than or equal to the fixed export market entry cost:

W, W,
(1= )+ 1 = IS, Xy = (4 DX 2~ Pl 20 23)

where QF is the foreign-currency price of the variety produced by firm i and sold

in the forelgn market and X7 . is the demand for this variety in the Foreign economy.
If a firm decides to export its variety, its price for the foreign market (in foreign

currency) is set optimally and is equal to a constant mark-up over marginal cost:

Q* _ HA Wz‘ (1+T) * l
Fit — 0,-1A, 27 gF,tSr (24)

L1t
where g% is given by:
Fit

1
(I =dp)+dp(1 -p)

8y = (25)
Comparison of (24) with (20) reveals that due to the presence of iceberg trade costs
and the fact that international transactions are associated with greater counterparty
risk than domestic transactions, the domestic currency price of variety i on the For-
eign market is higher than the price of this variety in the Home economy and the
law of one price does not hold. This, combined with the fact that only a fraction
of domestically produced varieties is exported, generates home bias in consumption
and leads to deviations from purchasing power parity (PPP).

After substituting (24) into (23), the export market entry condition can be
expressed as:

w
SQFtt Flit FA?:ZO (26)

where
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1
;,i,z = / X;,i,/‘,zdj 27)
0

and X;,i,,‘, , is the demand for the intermediate variety ¢ by final goods prod:wer Js

which depends on the relative price of this variety on the foreign market, QQF;f", the

total number of varieties of intermediate goods available for sale in the foreign econ-
omy, equal to 2 — NV,, as well as the aggregate demand for intermediate goods by the
Foreign producer j, denoted by XJ * and given by:

* 0,4
. 1 QF,i,t *
XF,iJ,z - <2 _ Nt > < Q;k > )(j,t (28)

The total foreign demand for the variety produced by firm i is therefore equal to:
% _GA
1 Flit
X5, = = X 29
) -

1

X' = / X: dj (30)

0

where

and in equilibrium it needs to be equal to the supply of this good on the foreign mar-
ket: X7, = Vi

In consequence, the threshold level of productivity above which firms export their
goods, denoted by A,, is determined by the condition:

* 1_9A -0
LA (i) (L) Mo =k, 31
04\2-N,J\ 0,14 Z, i

4.2.1.3 Productivity distribution As in Ghironi and Melitz (2005) and in line with
empirical evidence on firms’ size distribution, it is assumed that the firm-specific

level of productivity, A,, in the intermediate goods sector is Pareto distributed. Its

A \Ka
%) , Where A

cumulative distribution function is given by F(A) =1 — ( is the

min
lower bound and k, is a shape parameter, such that k, > 6, — 1, which determines the
dispersion of productivity draws across firms. As k, increases, dispersion decreases
and the firm productivity levels are increasingly concentrated towards their lower

bound, A ."7

min*

'7 Following Ghironi and Melitz (2005), the assumption that firms’ productivity is Pareto distributed
has been widely adopted in the literature on heterogeneous firms and trade (for an overview see Redding,
2011).
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Assuming that firms’ productivity is Pareto distributed, the probability that at
time ¢ it is not profitable for a firm to export its goods is equal to:

Ay )
N,=FA)=1- (%) 32)
At
whereas the probability of exporting is equal to:
A\
l—N,=1—F(Zt>=<¥> (33)
Al

Hence, N, and (1 — N,) denote the fractions of non-exporters and exporters among
intermediate goods producers in the Home economy.
1

Denoting v, = [ kA—(k;A—l)] “' the average productivity among all intermediate

goods producers, A4, can be defined as:
L
o 04-1
Ay = / AT aFAY | = AL, (34)

min

The productivity averages among exporters and non-exporters in the Home econ-
omy can be expressed as functions of the threshold level of productivity, A,, and
the probability of non-exporting, N,. The average productivity among non-exporting
intermediate goods producers, Ay, is given by:

L
001
A, A

1 _
Ay, = — / A% aFA)
@, (35)
1
_ 1 AHA_I (1 _Nl) (K[)QA_I 041
N min Nl

The average productivity among exporting intermediate goods producers, Ag,, is
equal to:

1
. 041

Ag,=|—— / A%TaFy| =v,A, (36)
1- F(At)

t
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4.2.2 Final goods producers

In each economy there is a continuum of final goods producers, indexed by j on the
unit interval. As in the case of intermediate goods producers, final goods producers
differ with regard to their productivity. At the beginning of period ¢, before learn-
ing their productivity levels in that period, domestic retailers need to incur a fixed
cost of production, which is equal to the cost of F effective units of domestic labor.
After the aggregate and firm-specific shocks are revealed, domestic final goods pro-
ducers buy intermediate goods from the intermediate goods producers and transform
them into a final consumption good using the following production technology:

Y, = B X, (37)

where B;, is firm j’s idiosyncratic level of productivity at time 7 and X; , is the aggre-
gate input used in the production of Y; ,, which is equal to:

04
Lyl R e
1 4 v 04 I —N*\ox,0r
Xy = l(Z—N*) %+ (703 ) ijf,] %)

Xp j, 18 the aggregate input provided by the Home intermediate goods producers and
X, 1s the aggregate input provided by the Foreign intermediate goods producers to
the final goods producer j.

In their production, final goods producers use all varieties of intermediate goods
which are available for sale in the domestic economy. Xy, ;, is a CES aggregator of
all intermediate varieties produced in the Home economy:

7}
1 041
041

Xpji = / (Xpij,) o di (39)
0

Similarly, X ;, is a CES aggregator of all intermediate varieties produced in the For-
eign economy which are exported:

04
1 041

i
Xpji = / (Xpija) 0 di (40)
N*

The different varieties are purchased by the final goods producers in proportions
which minimize the cost of producing one unit of output ¥;,. The total demand for
domestic intermediate inputs by the final goods producer j is therefore given by:

Xpji = (2 —1N* > < QQth >_0AXj,t 41

The total demand for the input provided by foreign intermediate goods producers to
the final goods producer j is equal to:
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Xpji = ( ; — x* ) < QQF; ) _QAXj,t (42)

where X; , is the demand for intermediate inputs by the final goods producer j which
is equal to the quantity required to produce the profit-maximizing level of output,
Y;,. Oy, and Qp, are the aggregate price indices for the Home and Foreign interme-
diate goods, respectively. They are equal to the minimum expenditure required to
buy one unit of the composite intermediate good X, and X, given the prices of the
different varieties of the intermediate inputs.
The profits of the final goods producer j are given by:
C Qt Wt

=t L
g, ~ 7 (43)

=P C

4 e

Jit
t

The price of the final consumption good produced by firm j at time 7, P; ,, is set opti-
mally, as a mark-up over marginal cost:

0
P, == &
05— 1B;,

(44)

where 0y is the elasticity of substitution between final consumption goods and Q, is
the aggregate price index for intermediate goods, equal to the minimal cost of a unit
of the aggregate input.

The demand for the variety of final consumption good produced by firm j,
denoted by C;,, is equal to the supply of this variety, Y, ,, and is given by:

Jit? it

P\
e (2) "
t

where C, is the aggregate demand for the final consumption good in the domestic
economy.

4.2.2.1 Productivity distribution and non-payment risk As with intermediate goods
producers, it is assumed that in the final consumption goods sector the firm-specific
level of productivity, B,, is distributed Pareto with lower bound B, ;, and shape param-

k
— Bmin B
eter ky > 0 — 1 where F(B) = 1 — (T>

The average productivity among all final goods producers, B,, can now be defined
as:

o op—1

B, = / B 'dFB)|  =vuB.i (46)
1B

min
L
kg ] op-1

where Vp = [m
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Due to the presence of fixed costs of production and firms’ heterogeneity with
regard to their productivity, there is a fraction of firms in each period whose reve-
nues from sales are smaller than the total production costs and who are therefore not
able to fulfil all their financial obligations. If at the end of the period revenues from
sales exceed a firm’s total cost, then the firm repays all trade credit due and keeps
the remaining profits, which are then passed on to households in the form of divi-
dends. If total costs exceed revenues then the firm declares bankruptcy and receives
nothing. The trade credit suppliers receive the firms’ revenues net of wages and the
advance payment for the intermediate goods made at the beginning of the period.

For any given realization of aggregate shocks, there is a threshold level of firm-
specific productivity B, above which firms are able to pay all their costs of produc-
tion, including the cost of intermediate inputs and the fixed production cost. This
threshold level of productivity is determined by the condition:

—O5—1__ W,

931_ 1QtBtB BAQBCZ = FBZZ 47)
For the purpose of calculating the trade credit default rate, it is useful to define a
threshold level of firm-specific productivity B, above which firms are able to pay all
their financial obligations apart from trade credit. This threshold productivity level
satisfies the condition:

w, =%l 0
F,—. =B CB 0" 5 o'
B Zt t 2 A Qz 03 -1 t
=051

—0, 0, 1 —N*\ ,1-0,
~B, CB( [(l—dF)<m> - (48)

=775 )05

The default rate on trade credit, p,, which is defined as the fraction of the total trade
credit which is not repaid, is then equal to:

Bl
A [dHXHJ,zQH,t + dFXFJ,zQF,t] dF(B)

min

/ [dHXH,;‘,zQH,r + dFXF,/‘,zQF,I] dF(B)

min

pr =

B, w
ﬁ [Yj,;R,‘J -(1- dH)XHJ',tQH,z -1~ dF)XF,j,rQF,z - FB?[ dF(B)
B t

t

/ [dHXH,j,zQH,t + dFXF,j,zQF,z] dF(B)
B

min

(49)
Given the productivity distribution among final goods producers, the probability that
at time ¢ a firm is able to meet all its financial obligations and earn non-negative
profits is equal to:
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Ky
1-My,=1-F@B,)= <@> (50)

t

Similarly, the probability that a firm is able to pay for all of its costs of production
apart from the trade credit is given by:

kg

= B
1-M,,=1-F(®B)= L (51)

B

t

In consequence, My, is the probability that a firm defaults on at least a fraction of
the trade credit received and M, is the probability that a firm defaults on the entire
value of the trade credit granted to it.

It is now possible to define the following productivity averages. The average pro-
ductivity among non-defaulting final goods producers who earn non-negative profits
after paying all their financial obligations including trade credit is equal to:

1

. -1

1 _ —
Byy, = | ——— / B 'dF(B)| =B, (52)
1- F(Bt) 3

The average productivity among defaulting final goods producers who default on at
least a fraction of their trade credit is given by:

B, 051
By, = ﬁ/BzgrldF(B)
( t)Bmin (53)
(U =My) i \6-1] T
_VB[ 1 Bxgrfml_ H.t (Bt) 5 ] s
MH,z MH,z

The average productivity among final goods producers who earn non-negative prof-
its after paying all their financial obligations apart from the trade credit is equal to:

L
. op—1

By, = | —— / B 'aF®)| =v,B, (54)
1-F@)

B,

The average productivity among final goods producers who default on the entire
value of the trade credit received is given by:
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o1

B,
By, = / B aF(B)
(55)

1

N R G Tl A
i ML,z min ML,z '

4.3 Aggregation

Given the assumptions concerning firms’ productivity distribution, it is now pos-
sible to express all the aggregate variables and the equilibrium conditions of the
model in terms of the productivity averages for the different groups of intermediate
and final goods producers which are defined above.

Using the productivity averages defined for firms producing intermediate goods,
the aggregate price index for these goods produced and sold in the Home economy
is equal to:

0w
T 9, —12A,°H

On, (56)

Similarly, the price index for domestically produced intermediate inputs which are
sold in the Foreign market is given by:

W, 1
—1ZAE,gF’S

Op, = +1)3 (57)

The aggregate supply of the domestically produced intermediate goods sold on the
domestic market, V}; ,, can be expressed as a function of the average level of produc-
tivity in the Home market, equal to Z,A,, and the aggregate labor supply used in the
production of these goods, Ly,

Vi =ZAsLy, (58)
where:
1
Ly, = /LHJ-Jdi (59)
0

In turn, the aggregate supply of the domestically produced intermediate goods which
are exported, V. ,, can be expressed as a function of the average level of productivity
among domestic exporters, equal to Z,Ap, and the aggregate labor supply used in the
production of these goods, L :
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VF,z = ZrAE,tLF,t (60)

where:

1
LF,t: / LF,i,tdi (61)
0

Using the productivity averages for the producers of final consumption goods, the
aggregate supply of the final consumption good in the Home economy, Y,, can be
expressed as:

Y, =B,X, (62)

The aggregate price index for the final consumer goods in the Home economy is
equal to:

Pi=o—s Z 1 % (63)
B~ 1 D4
The aggregate demand for intermediate goods in the Home economy, X,, can be
expressed as a function of the aggregate demand for domestically produced inter-
mediate goods, X ,, and the aggregate demand for the intermediate goods which are
imported, X :

4

where:
¥ ) I 1 On\ ™
G-l -
. 1A
AT —
Xpy = N/<XF,i,t)02_Aldi = (;:Z:)(QQF;> HAX, (66)

Using the definitions of average productivity levels among different categories of
final goods producers, the trade credit default rate can be expressed as:
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0,—1 = =
My By + <B,—B,)FBZ G B

[dH<2 - ) 1- 9A+dF< s ) 1- GA]BQ"_] 6,—1
| =57 ) @i + (1 = (57 )0y | o' BT
1 104 1-0, | p05—1 A04—1
[%(r) = Rl L
0—1

0p—1
93_1 (MHtBHL,z _MLfBLit )

[dH<2 N*)QHHA-}_dF(z v ) 1 aA]Beﬂ—l 0,1

(67)

4.4 Resource constraints

Equilibrium in the goods market requires that in each country the supply of inter-
mediate goods produced for the domestic and foreign market is equal to the demand
for these goods in the Home and Foreign economy: Vy;, = Xy, and Vp, = X7, . Simi-
larly, the supply needs to be equal to demand in the sector of final consumption
goods: ¥, = C,.

Labor market equilibrium requires that in each country the labor employed in the
production of intermediate goods and the labor employed to cover the fixed costs
of producing final consumption goods and exporting is equal to the domestic labor

supply:
1
L= Ly, + Ly + 5 [Fp+ (1= N, Fy (68)
t

The model is closed by normalizing the Home price index of the final consumption
goods to one: P, = 1 and by setting the nominal exchange rate equal to one: S, = 1.'®

5 Parametrization

The model is calibrated assuming that one period of time corresponds to one quar-
ter. The calibration of preference parameters determining households’ utility func-
tion follows the international business cycle literature. Both the inverse of the
intertemporal elasticity of substitution in consumption, ¢, and the inverse of the
Frisch elasticity of labor supply, @, are set equal to 2.0. The discount factor is set to
p = 0.99. The elasticity of substitution between different varieties in both the sectors
of intermediate goods and final consumption goods is equal to 8, = 8, = 6 to give
a mark-up of 20 percent, as in Obstfeld and Rogoff (2001). Following Obstfeld and

18" A complete set of the model’s equilibrium conditions for the Home economy are presented in Appen-
dix A.1.
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Rogoff (2001), Ravn and Mazzenga (2004) and Anderson and van Wincoop (2004),
the iceberg trade cost 7 is parametrized to be equal to 20 percent of the value of
goods exported.

It is assumed that the distribution of firm-specific productivity is the same in both
the sector for intermediate goods and the sector for final consumption goods. The
parameters k, and k; governing the dispersion of productivity levels among firms are
set equal to k, = kg = 6.25, which is in line with empirical evidence on the distribu-
tion of firms’ size (Axtell, 2001). The lower bound for idiosyncratic productivity is
set equal to one, A ;, = 1. The fixed production costs in the sector of final consump-
tion goods, Fy, are calibrated to match the default rate on accounts payables/receiva-
bles, which Boissay and Gropp (2007) estimate to be equal to 2 percent, based on
French firm-level data. The fixed cost of exporting, F, is set to match a share of
exporters among the intermediate goods producers equal to 35 percent, which is the
average share of exporters among the top 15,000 manufacturing firms in the UK and
Ireland in the period 2003-2014, based on Fame data.

The fractions of trade credit to total sales revenues granted to domestic and
foreign buyers are set equal to dy = 0.55 and dp = 0.75 respectively, to match
the empirical evidence for UK and Irish firms discussed in Sect. 3 of this paper.
Among the top 1000 of British and Irish manufacturing firms, which cover 82
percent of total manufacturing revenues and therefore reflect well the use of trade
credit by firms which determine aggregate macroeconomic fluctuations, the aver-
age ratios of trade debtors to revenues among exporters and non-exporters in the
period from 2003 to 2014 were equal to 12.6 and 9.1 percent respectively. Assuming
that the average duration of trade credit is 2 months, as demonstrated by Klapper
et al. (2012), non-exporting firms sell 55 per cent of their goods on trade credit,
while firms engaged in international trade extend trade credit for 76 percent of their
sales.!” The values of all the model parameters adopted in the analysis are listed in
Table 4 in Appendix A.2.

6 Results

This section examines the impact of trade credit on business cycle fluctuations by
tracing the responses of key macroeconomic variables to demand and productivity
shocks and by investigating the properties of the business cycles generated by the
model developed in Sect. 4. In order to illustrate the way in which trade credit alters
the transmission of shocks in the economy and business cycle fluctuations, three dif-
ferent versions of the model are compared: the baseline model (BS) in which there

19 In the same time period, the average ratios of trade debtors to revenues for exporters and non-export-
ers among the top 5000 of all firms, which cover about 87 percent of total revenues, were very similar
and were equal to 12.7 and 9.2 percent respectively, which also corresponds to the fractions of goods
sold on trade credit of 76 and 55 percent respectively.
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Fig. 1 Impulse responses to a 1 percent positive symmetric productivity shock in the sector producing
intermediate goods

is no trade credit and in which the fraction of internationally traded varieties is con-
stant over time, the trade credit model (TC), which extends the baseline model by
introducing inter-firm lending, and the trade credit model with extensive margin of
trade (TCM), which features both inter-firm lending and endogenous entry into the
exports market.” The comparison of the different versions of the model makes it
possible to examine the contributions of trade credit and of the extensive margin of
trade to changes in the volume of international trade in response to shocks.

6.1 Impulse responses
6.1.1 Symmetric shocks

In order to understand the impact of trade credit and the associated counterparty risk
on the fluctuations of international trade relative to output, it is useful to examine the
effects of macroeconomic shocks which are symmetric across countries.

6.1.1.1 Productivity shocks Figure 1 compares the effects of a one percent positive
symmetric productivity shock in the intermediate goods sector in the BS model, the
TC model and the TCM model. It shows that the use of trade credit by firms can

20 The TCM model nests both the TC and the BS models. In the TC model the fraction of non-exporting
firms is set to N = 0.65 and is constant over time. In the BS model, in addition to the above restriction,
the fraction of sales for which trade credit is granted is set equal to zero: dy = dp =0, as is the trade
credit default rate: p = 0. The parameterization of all three versions of the model used in the analysis is
presented in Appendix A.2.
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lead to significant differences in the impact of macroeconomic shocks on interna-
tional trade. A favorable shock raising the productivity level of intermediate goods
producers in both the Home and the Foreign economy leads to an increase in output
and consumption in all three models analyzed. The increase in output is to some
extent dampened by a reduction in labor supply which results from an increase in real
wages and the fact that as the intertemporal elasticity of substitution in consumption
is smaller than one, the income effect dominates the substitution effect.

The behavior of the relative prices of intermediate goods sold in the domestic and
in the foreign market differs substantially in the three models analyzed. In the BS
model, the average price of these goods remains constant regardless of their desti-
nation market, as the increase in the marginal product of labor is offset by an equal
increase in real wages.

In the TC model taking trade credit into account, a favorable productivity shock
increases output and firms’ profits and reduces the default rate among the producers
of final consumption goods. The decline in the risk of non-repayment associated
with trade credit leads to a decrease in the marginal costs and in the prices of the
producers of intermediate inputs. As trade credit is more intensively used in interna-
tional than in domestic transactions, the fall in the marginal cost is relatively larger
for goods sold in the foreign market. As a result, in the presence of inter-firm lend-
ing the relative price of intermediate inputs sold abroad declines as compared to the
price of intermediate inputs sold domestically.

In the TCM model in which the decision to export is endogenous, an increase
in the aggregate level of productivity reduces the threshold idiosyncratic productiv-
ity level above which exporting is profitable and, as a result, the share of exporting
firms among the intermediate goods producers increases.>! In the TCM model, the
productivity shock leads to an increase in the average price of intermediate inputs
sold in the foreign market relative to the average price of the intermediate inputs
sold domestically. This is due to the fact that the decline in the export profitability
threshold, A,, and the increase in the share of exporting firms following the rise in
aggregate productivity reduce the average level of idiosyncratic productivity among
exporters, Ag,, by more than they reduce the average firm-specific productivity level
among non-exporters, Ay ;. Despite the fact that the reduction in the trade credit
default rate puts a downward pressure on the relative price of intermediate inputs
sold abroad as compared to the price of intermediate inputs sold domestically, the
overall impact of the productivity shock on the relative price of foreign to domestic
intermediate goods is positive.

Changes in aggregate demand, the share of exporting firms and the relative price
of imported and domestic intermediate goods which follow the productivity shock
lead to changes in the volume of international trade. The increase in trade caused by
arise in aggregate productivity is smallest in the benchmark model (BS) and largest
in the model with trade credit and the extensive margin of trade (TCM).

2! The increase in trade along the extensive margin is greater in the presence of inter-firm lending than
without it due to the decline in the foreign market price of each internationally traded intermediate input
relative to its domestic market price caused by a reduction in the trade credit default rate.
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In the BS model, in which the share of exporting firms is constant and in which
the relative price of foreign and domestic goods is unaffected by the productivity
shock, the only factor influencing international trade is aggregate demand. As a
result, the percentage increase in trade following the shock is the same as the per-
centage increase in output and the trade income elasticity is equal to one.??

In the TC model, the impact of the productivity shock on trade is larger than its
impact on output due to the changes in the relative foreign and domestic market
price of intermediate inputs resulting from lower riskiness of inter-firm lending. The
fall in the relative price of imported goods as compared to domestic goods caused
by the reduction in the trade credit default rate leads to an increase in the demand for
intermediate inputs produced abroad relative to the demand for intermediate inputs
of domestic origin. The increase in trade volume in the TC model is considerably
higher than in the baseline model without inter-firm lending—the trade income elas-
ticity is equal to 1.25.

In the TCM model, the impact of the productivity shock on trade is even larger.
This is due to the changes in the fraction of intermediate goods producers exporting
their goods and the resulting changes in the composition of the consumption basket
of final goods producers who purchase all varieties of intermediate inputs available
for sale in the domestic economy. Following the shock, the number of foreign varie-
ties available on the domestic market increases compared to the number of varieties
produced domestically. As a result, the share of imported goods in the consumption
basket increases for any given relative price of domestic and imported goods—there
is an endogenous decline in the home bias of final goods producers. While there is
an increase in the relative average price of intermediate inputs of foreign origin as
compared to those of domestic origin, this is entirely due to the fact that the new for-
eign varieties available for sale in the domestic market have a relatively higher aver-
age price than the foreign varieties traded initially. For any variety sold both in the
domestic and in the foreign market, its relative price on the foreign market decreases
due to the reduction in the trade credit default rate. The increase in the number of
internationally traded varieties combined with a decline in the foreign market price
of each variety as compared to its domestic market price leads to an increase in the
share of imported intermediate inputs in the production of final consumption goods
and a rise in international trade which significantly exceeds the increase in output.
The elasticity of real trade to real income in this model is equal to 1.47.

The productivity shock has different implications for trade openness, defined as
the ratio of the sum of imports and exports to output, in the three models analyzed.
In the BS model openness remains unchanged, while in the TC and TCM models
it increases following the shock, with the increase being largest in the TCM model
accounting for both trade credit and the extensive margin of trade.

22 The trade income elasticity is calculated as the percentage deviation of real world trade from its steady
state divided by the percentage deviation of real world output from its steady state. It is the same for each
period following the shock.
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6.1.1.2 Demand shocks The impact of a one percent positive symmetric demand
shock on international trade, which is illustrated in Fig. 2, is similar to that of a
favorable productivity shock. An exogenous increase in the marginal utility of con-
sumption for any given consumption level leads to an increase in aggregate demand
and output in the economy. Labor supply increases as the marginal utility of leisure
declines for any level of work effort.

In the TC model, which takes trade credit into account, the positive demand shock
reduces the riskiness of inter-firm lending. Due to the relatively more intensive use
of trade credit in international transactions, the decline in trade credit default rate
has a larger impact on the foreign market price of each traded variety than on its
domestic market price. This leads to a decline in the price of imported intermedi-
ate inputs relative to the price of intermediate inputs produced domestically and to
an increase in the demand for foreign goods as compared to domestic goods. As a
result, there is an increase in trade along the intensive margin which is larger than
the increase in output.

In the TCM model, which additionally accounts for endogenous entry into the
exports market, the demand shock causes similar changes in the relative prices of
imported and domestic varieties as well as their weights in the consumption aggre-
gator of the final goods producers as a favorable productivity shock. The increase
in aggregate demand induced by the shock, as well as the associated decline in the
trade credit default rate, raises the profitability of exporting and the share of export-
ers among intermediate goods producers. In consequence, there is an increase
in international trade along both the intensive and the extensive margins and the
increase in trade significantly exceeds that of output.

Changes in wages are small and differ across the three models considered. Profit
maximization on the part of intermediate goods producers requires that the real
wage is equal to the real marginal revenue product of labor. In the BS model, the
wage rate is constant as the marginal revenue product of labor does not change. In
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Fig.2 Impulse responses to a 1 percent positive symmetric demand shock
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the TC model the marginal revenue product of labor depends on the trade credit
default rate, which declines following the shock leading to an increase in the wage
rate. In the TCM model the increase in the wage rate is dampened due to the fact that
an increase in the percentage of internationally traded varieties following the shock
leads to a decline in the average price charged by intermediate goods producers.

As in the case of the productivity shock, the trade income elasticities generated
by the BS, TC and TCM models are equal to 1.00, 1.25 and 1.47 respectively. Trade
openness in the BS model is constant, while it increases in both the TC and the
TCM models accounting for inter-firm lending.

6.1.2 Asymmetric shocks

The analysis in the previous section showed that trade credit amplifies the effects
of macroeconomic shocks on international trade along both the intensive and the
extensive margins even if shocks are symmetric across countries and have no impact
on international relative prices—the real exchange rate and the terms of trade. Inter-
firm lending also alters the effects of macroeconomic shocks when they are country-
specific. In the case of asymmetric shocks, changes in macroeconomic conditions
and the resulting changes in the counterparty risk associated with trade credit affect
not only the relative domestic and foreign market price of traded varieties but also
the relative export price of intermediate inputs produced at home and abroad.

6.1.2.1 Productivity shocks Figure 3 shows the effects of a one percent positive pro-
ductivity shock in the sector producing intermediate goods in the Home economy.
Through the risk sharing mechanism the shock leads to an increase in output and con-
sumption in both countries in all three models considered. The rise in output is higher
in the Home than in the Foreign economy. The effect of the shock on labor supply in
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the Foreign economy is unambiguously negative whereas in the Home economy it
differs across the models, reflecting differences in the relative strength of the income
and substitution effects.

The impact of the shock on international trade varies significantly across the three
models. In the BS model, an increase in productivity in the Home economy lowers
the relative price of internationally traded goods produced in this economy and leads
to a depreciation of the terms of trade. There is an increase in the market share of
Home exporters in the Foreign economy, while the market share of Foreign export-
ers in the Home economy decreases. In consequence, in the Home economy trade
volume increases more than output by a factor of 1.10. In the Foreign economy the
percentage increase in trade corresponds to 0.87 of the percentage output increase.
Hence, a rise in trade openness in the Home economy is accompanied by a decline
in trade openness in the Foreign economy.

In the TC model, the favorable productivity shock reduces the trade credit default
rates among both Home and Foreign producers, leading to a decrease in the foreign
market price of each internationally traded variety as compared to its domestic mar-
ket price. This contributes to a rise in the share of imported inputs in the production
of final consumption goods and to an increase in trade volume in both economies. In
both countries the increase in imports and exports exceeds that of output (by a factor
of 1.34 in the Home economy and 1.14 in the Foreign economy), and there is a rise
in trade openness.

In the TCM model, the productivity shock leads additionally to changes in the
number of traded varieties and movements in international trade along the extensive
margin. In the Home economy, the share of exporters increases both due to higher
aggregate demand abroad and an improvement in the competitiveness of Home pro-
ducers on the Foreign market. In the Foreign economy the positive impact that an
increase in aggregate demand abroad exerts on exports profitability is more than
offset by a fall in the relative demand for Foreign versus Home goods and there is
a decline in the number of Foreign varieties which are exported. Due to the result-
ing changes in the average productivity of exporters in both economies, the average
price of Home exports increases as compared to the average price of Home imports,
leading to an appreciation of the terms of trade in the Home economy.”® However,
changes in the relative number and price of domestic and foreign intermediate goods
in both countries, exacerbated by the changes in the trade credit default rates, lead to
an increase in the share of imported inputs in the consumption basket of final goods
producers. In the Home economy, the increase in trade following the shock is 1.55
times larger than the increase in output, while in the Foreign economy the increase
in trade is 1.34 times larger than the increase in output. As the asymmetric produc-
tivity shock leads to a significant increase in trade volume relative to output in both
countries, both countries experience a rise in trade openness.

23 This result is in line with the findings of a number of studies showing that in models accounting for
the extensive margin of trade an increase in a country’s productivity can have a positive impact on the
country’s terms of trade (Corsetti et al., 2007; Ghironi & Melitz, 2005; Krugman, 1989). It is also con-
sistent with theoretical and empirical evidence provided by Corsetti et al. (2008).
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6.1.2.2 Demand shocks A one percent favorable demand shock in the Home econ-
omy, which is illustrated in Fig. 4, leads to an increase in consumption and output in
the country affected directly by the shock and a decline in consumption and output
abroad. Labor supply increases in both countries. In the Home economy this is due
to the exogenous increase in marginal utility of consumption for any consumption
level. In the Foreign economy it results from the increase in the marginal utility of
consumption associated with the fall in the level of income.

In the BS model, an increase in consumption in the Home economy relative to the
Foreign economy leads to an appreciation of the terms of trade. The decline in the
level of aggregate demand in the Foreign economy reduces exports at Home. This is
more than offset by a rise in imports and overall there is an increase in trade. How-
ever, as the percentage increase in trade volume in the Home economy is only equiv-
alent to 0.33 of the percentage increase in output, trade openness falls. In contrast, in
the Foreign economy an increase in exports exceeds a decline in imports and there is
arise in trade volume while output decreases, which leads to higher trade openness.

In the TC model, the demand shock causes diverging changes in the default rates
among firms in the Home and Foreign economies; the latter increases while the for-
mer declines. This puts an additional upward pressure on terms of trade at Home.
There is a further increase in trade volume in the Home economy, which now cor-
responds to 0.54 of the percentage output increase, leading to a smaller decline in
trade openness. In the Foreign economy there is a slight increase in trade openness
as compared to the BS model.

In the TCM model, the demand shock reduces the fraction of exporters among
intermediate goods producers in the Home economy due to a decline in aggregate
demand in the Foreign economy and an increase in the trade credit default rate
among Foreign producers. In contrast, the share of exporters among Foreign firms
increases. The resulting changes in the average productivity of exporters in both
countries exert a depreciation pressure on the terms of trade in the Home economy.
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Overall, changes in relative prices, the number of internationally traded varieties
and aggregate demand result in a percentage increase in trade volume in the Home
economy equivalent to 0.58 of the percentage increase in Home output, leading to
a smaller decline in trade openness than in models which do not take endogenous
entry into the exports market into account. In the Foreign economy, changes in trade
along the extensive margin result in an even greater increase in trade openness as
compared to the BS and TC models.

6.2 Model simulations

In order to explore further the extent to which trade credit can help explain key fea-
tures of international trade fluctuations, the international business cycle properties
of models incorporating inter-firm lending are compared to those obtained from a
model not taking trade credit into account as well as to the data. As before, the anal-
ysis is based on business cycle simulations of three different versions of the open-
economy model presented in Sect. 4: the baseline model (BS) with no trade credit
and no endogenous entry into the exports market, the trade credit model (TC) with
inter-firm lending but no endogenous entry and the trade credit model with extensive
margin of trade (TCM). As in Jiang (2016), each of these models is simulated based
on two alternative assumptions with regard to the source of business cycle fluctua-
tions. It is first assumed that business cycles are driven by productivity shocks only
and then the simulations are performed based on the assumption that business cycles
are driven solely by demand shocks.

In this section, for the purpose of the simulations, it is assumed that the productiv-
ity shocks in the Home and Foreign economies, denoted by z, and z; respectively, fol-
low the bivariate process:

| v Y 2 gz
[Z?]_[Wm WH - ]+[CZ] ©
Following Ghironi and Melitz (2005) and Jiang (2016), the persistence parameters
are set to: y, = .. = 0.906 and y,. = y,.. = 0.088, the standard deviations of the
productivity innovations, {* and ¢ f are set to ¢, = ¢,. = 0.00852 and the correla-
tion coefficient to Ke ot = = 0.288, which corresponds to the estimates obtained by
Backus et al. (1992).
In simulations where business cycles are driven by demand shocks, it is assumed
that the preference shocks in the Home and Foreign economies, represented by u,
and u} respectively, follow the bivariate process given by:
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As in Jiang (2016), the persistence parameters are set to: y, = y,. = 0.896 and
Wi = Wy, = 0.1038, the standard deviations of the demand innovations, ¢ and § t”*,
are set to ¢, = ¢,. = 0.015 and the correlation coefficient to k. .+ = 0.3647.
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Table 3 International trade statistics and model predictions

Std dev Std dev relative to output
Y ™M EX TVOL OPEN NXR
Data
us 1.56 3.08 3.01 2.51 1.82 0.22
UK 1.98 2.07 1.83 1.74 1.24 0.35
Baseline model (BS)
Productivity 1.93 1.55 1.69 1.00 0.04 0.62
Demand 1.49 1.22 1.24 0.89 0.45 0.41
Trade credit model (TC)
Productivity 2.05 1.67 1.82 1.25 0.26 0.58
Demand 1.59 1.42 1.33 1.11 0.44 0.38
Trade credit model with extensive margin (TCM)

Productivity 1.97 1.90 2.10 1.47 0.47 0.65
Demand 1.53 1.61 1.55 1.30 0.58 043
Correlation with output

™M EX TVOL OPEN NXR

Data

us 0.78 0.50 0.79 0.54 -0.38

UK 0.75 0.53 0.72 0.20 —-0.34
Baseline model (BS)

Productivity 0.57 0.61 1.00 0.05 0.05

Demand 0.96 0.27 0.86 — 045 - 045
Trade credit model (TC)

Productivity 0.67 0.70 1.00 0.99 0.06

Demand 0.98 0.41 0.90 0.01 -0.47
Trade credit model with extensive margin (TCM)

Productivity 0.68 0.73 1.00 1.00 0.08

Demand 0.99 0.41 0.88 0.24 —-0.47

This table shows the empirical and predicted standard deviations of output (Y) as well as the standard
deviations relative to output and correlations with output of a number of variables including imports
(IM), exports (EX), trade volume (TVOL=IM+EX), trade openness (OPEN = (IM + EX)/Y) and the
net export ratio (NXR = (EX — IM)/Y). The empirical moments are calculated based on quarterly data
for the US and the UK for the sample period from Q1 1955 to Q4 2020. All series are in real terms.
The source of the data is OECD Economic Outlook database. All the empirical statistics refer to the
cyclical components obtained after applying the HP filter to the natural log of each series (apart from
net exports for which no logarithmic transformation is made), with smoothing parameter of 1600. The
predicted moments of all the variables for each of the three versions of the model correspond to averages
obtained from 1000 simulations of length 100, where business cycles are driven either by productivity or
by demand shocks

Table 3 shows the predicted moments of a number of key variables associated with
international trade obtained from 1000 simulations of each of the models BS, TC
and TCM with the assumption that business cycles are driven either by productivity
shocks or by demand shocks only. The table also reports the empirical moments of
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these variables for the US and for the UK based on quarterly data over the period from
Q1 1955 to Q4 2020. The statistics indicate that trade credit plays an important role in
explaining cyclical fluctuations in international trade.

The data for the UK and for the US demonstrate some well-documented facts
with regard to the dynamics of international trade over the business cycle. Imports
and exports are strongly procyclical and much more volatile that output, with imports
being more strongly correlated with output than exports. Trade volume, which is
measured as the sum of imports and exports in the domestic economy, and trade open-
ness, which is defined as the ratio of trade volume to output, are both also procyclical
with their standard deviations significantly exceeding that of output. Net exports are
countercyclical.

The BS model, which does not take trade credit nor the extensive margin of trade
into account, is unable to replicate many features of the data. Both in the case when
business cycles are generated by productivity shocks and when they are attributed to
demand shocks, the volatilities of imports, exports and, in particular, the volatility of
the trade volume predicted by the model are significantly lower than those observed
empirically. The dynamics of trade openness implied by the model are even more at
odds with the data. In the model with productivity shocks, openness is acyclical and
nearly constant over time, while in the model with demand shocks openness is coun-
tercyclical, in contrast to the procyclical and highly volatile openness evident from the
data.

Accounting for trade credit greatly contributes to explaining the empirical observa-
tions. The TC model incorporating inter-firm lending into the baseline model without
taking into account the extensive margin of trade generates significantly higher vola-
tilities of imports, exports and trade volume both in the case of business cycles driven
by productivity and demand shocks. It also offers substantial improvement in match-
ing empirical moments of trade openness. In the case of productivity shocks, it pre-
dicts procyclical and volatile openness, as observed in the data. In the case of demand
shocks it changes the predicted correlation of openness with output from a low nega-
tive value obtained in the baseline model, to a small positive value, which brings it
closer to those observed in reality.

Accounting for both trade credit and the extensive margin of trade helps to bring
the predicted moments even closer to the empirical ones. The TCM model generates
volatilities of imports, exports and trade volume which are even higher than in the TC
model and closer to those implied by the data. Regardless of whether business cycles
are driven by productivity shocks or demand shocks, the model is able to replicate
procyclical trade openness, in line with empirical observation. It also generates higher
volatilities of openness than the TC model, which are closer to those observed.

In all versions of the model, net exports are acyclical when business cycles are
driven by productivity shocks and countercyclical when cyclical fluctuations are
caused by demand shocks, which point to the importance of demand shocks in deter-
mining business cycle fluctuations, in line with the results obtained by Jiang (2016).

The analysis demonstrates that an open-economy model incorporating inter-firm
lending but excluding many of the features which have traditionally been used to
replicate stylized international business cycle facts performs well in explaining key
properties of international trade fluctuations. This suggests that trade credit plays an
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important role in determining the dynamics of interational trade over the business
cycle and the international transmission of shocks.

7 Conclusion

This study analyzes the impact of trade credit on the transmission of shocks in an
open economy and, in particular, on the dynamics of international trade. Using Brit-
ish and Irish firm-level data, it shows that an overwhelming majority of firms makes
an extensive use of this type of financing. It also demonstrates that firms engaged in
international trade use trade credit more actively and more intensively than firms serv-
ing only the domestic market. The percentage of firms supplying and receiving trade
credit is higher among exporters than non-exporters. Firms exporting their goods also
have a significantly higher ratio of trade debtors to sales revenues. The pattern of a
more extensive trade credit use by firms participating in international trade prevails
not only in the manufacturing sector, which is responsible for a major share of inter-
national trade, but also in the entire population of firms in the economy. It is observed
among both large and small firms. Given the importance of inter-firm lending in day to
day business operations, the objective of this study is to examine whether and to what
extent trade credit contributes to the high volatility of imports and exports observed
in the data and the high sensitivity of international trade to macroeconomic shocks,
which is difficult to reconcile with standard international business cycle models.

The study introduces inter-firm lending into an open economy general equilibrium
model with heterogeneous firms in which the decision to enter the exports market is
endogenous. The analysis shows that trade credit amplifies the impact of supply and
demand shocks on trade both along the intensive and extensive margin. This is the
case both for symmetric and country-specific shocks. Trade credit influences the trans-
mission of shocks through the marginal cost channel. Due to the fact that international
transactions are associated with greater counterparty risk than domestic transactions,
the foreign market price of traded varieties is more sensitive to changes in macroe-
conomic conditions than their domestic market price, which leads to changes in the
relative demand for domestic and foreign goods over the business cycle. The study
demonstrates that trade credit has considerable impact on the propagation of shocks
in an open economy. It shows that a simple open-economy model accounting for inter-
firm lending can help explain a number of features of international trade fluctuations,
including high volatility of imports and exports and procyclical trade openness. It
would be interesting to incorporate inter-firm lending into a richer general equilibrium
framework accounting for alternative sources of finance for firms in order to capture
the interaction of trade credit with other forms of financing and explore further the role
of financial factors in the determination of international business cycles. Furthermore,
introducing nominal rigidities into an open economy model with inter-firm lending in
order to examine the role of trade credit in the international transmission of monetary
shocks constitutes another interesting avenue for future research.
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Appendix
A.1 Flexible price equilibrium

This section lists the Home economy equilibrium conditions of the model.
Risk-sharing condition:

c . S, P*
g g(ttf_ul) = rr (71)
C; P,
Intratemporal labor equation:
W, —u,
B =Ll (72)

t
Intermediate goods aggregator:

04
1 g1 L -1 m
1 D 1= N* oy 7o
X = l(z-zv*) Xha +<2—N*> XFJ] (73)

Aggregate intermediate good—domestic producers:

Xy, = (5= )(QH”>_HAXt (74)

2 — N* 0,
Aggregate intermediate good—foreign producers:
NN Qp ™

Xp, = <—1 il =) x (75)

’ 2 — N* 0,
Price index for intermediate goods produced and sold in the Home economy:

0, = bs W,

Hi= G _1ZA, 8H. (76)

Price index for intermediate goods produced in the Home economy and sold in the
Foreign economy:

HA Wt * l
0, — 12,A,, 55,

O, = +7) (77)

Trade credit insurance cost for Home intermediate goods producers for the trade
credit granted to Home final goods producers:

1
C(I—dy) +dy(1-p)

8H, (78)
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Trade credit insurance cost for Home intermediate goods producers for trade credit
granted to Foreign final goods producers:

1
(I =dp)+dp(1-p)

8ri = (79)

Production function—domestic intermediate goods producers:

Vi =ZAsLy, (80)
Production function—foreign intermediate goods producers:

Vi =2ZAgLr, (1)

Threshold level of productivity—exports market participation condition:

. N\ 1-0, 0

1 1 HA gFt ”; 4 i\ O
—(—)a+ L —1) X*S,00=F 82
6A<2—N,><( ”m—l;,) (7) woer-n

Probability of exporting:
kA
A .
N,=1-(-2= (83)
At

The average level of productivity among domestic intermediate goods producers:

k o1
ky—(0,—1)

The average level of productivity among exporting intermediate goods producers:
1
ky o1 —
A, =|————— A 85
B [kA—(9A—1)] ' ®)

The average level of productivity among non-exporting intermediate goods
producers:

_ L
ANt _ [ kA ] fa-1 I:LAHA»_I _ ¢! _Nt) (Zt>0A_1] 04-1 (86)
’ ky—(0,—-1) N, mm N,

Production function in the sector of final goods producers:
Y, =B,X, (87)

The threshold level of productivity above which firms are able to pay all their finan-
cial obligations including trade credit:
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1 =01 —0p Wl
U A 88)
t

The threshold level of productivity above which firms are able to pay all their finan-
cial obligations apart from trade credit:

W, =01 0 0 ] o
FBZ, =B, CiB, "o 6, — 1 '
—bp-1
-B, CB."Q} (89)

[(1_dF)<2 N*)QFfeAJr(l_dH)(z N*) H)A]

The probability that a firm will default on the entire value of trade credit received:
kB
= B min
M, =FB)=1-|— (90)
Bt

The probability that a firm will default on at least a fraction of trade credit received:

kp
3 Bmin
My, =FB)=1-| — o1
Bl

The average level of productivity among all final goods producers:
1
kg -1
B,=|——mM— B_. 92
A [kB_(eB_l):l min ( )

The average level of productivity among non-defaulting final goods producers who
are able to pay all their financial obligations:

ks =
By, = |—— B 93
HH.t |:kB_(eB_ 1)] t ( )

The average level of productivity among final goods producers who default on at
least a fraction of trade credit received:

1 1

k w1 o1 (L=My,) /= \0-1] %

P = [k =0 —1)] [M O T C) &9
B B H,t Hyt

The average level of productivity among non-defaulting final goods producers who
are able to pay all their financial obligations apart from the trade credit:
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[ =
B =" B 95
» [kB_(eB_D] , ©95)

The average level of productivity among final goods producers who default on the
entire value of trade credit received:

1 L
k w1 g (L=Mp)) (=%
B, = [WB—I)] [M—Bmin — = \B (96)
B B Lt Lt

Trade credit default rate among final goodsproducers:

0,—1 = =
My By + <B, - B,)Fb,? o gl

Py =[dﬂ<#>Ql 0, +dF< ) 1 HA]B%—I 0,1
| = di (557 )i + 1 = d (425 ) or, | o w1y
- o7
[%(%)Ql 0, +dF< )QlFteA]Bz,,—l teA—l
s (M By M By
[dH<2 _ )QH 0, +dF<2 v ) 1- HA]BGB—I 0,—1
Labour market equilibrium condition:
LZ=LH’,+LFJ+Z%[FB+ (1 —N,)FA] (98)
Resource constraint in the market for final consumption goods:
Y, =¢C, (99)
Resource constraint in the market for intermediate goods:
Vie = Xu, (100)
Vie =X, (101)
Normalization:
P =1 (102)
S, =1 (103)

The complete model consists of all the above listed equilibrium conditions for the
Home economy and the Foreign-economy equivalents of these conditions.
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A.2 Structural parameters

See Table 4.

Table 4 Structural parameters

Parameter Description Value

TCM TC BS

c Inverse of the intertemporal elasticity of substitution in con- 2.0 2.0 2.0
sumption

@ Inverse of the Frisch elasticity of labor supply 2.0 2.0 2.0

B Discount factor 0.99 0.99 0.99

0, Elasticity of substitution—intermediate goods 6.0 6.0 6.0

0y Elasticity of substitution—final consumption goods 6.0 6.0 6.0

T Iceberg trade costs 0.2 0.2 0.2

ky Pareto distribution shape parameter—intermediate goods 6.25 6.25 6.25
producers

kg Pareto distribution shape parameter—final consumption goods 6.25 6.25 6.25
producers

Fy Fixed cost of exporting 0.1489 - -

Fy Fixed cost of production—sector of final consumption goods ~ 0.0235  0.0235 0.0235

dy Fraction of sales for which trade credit is granted to domestic ~ 0.55 0.0 0.0
buyers

dp Fraction of sales for which trade credit is granted to foreign 0.75 0.0 0.0
buyers

P4 Trade credit default rate - - 0.0

NP Share of non-exporters among intermediate goods producers ~ — 0.65 0.65

Yo W, Persistence of productivity shocks in the intermediate goods 0.906 0.906 0.906
sector

W, Persistence of productivity shocks in the intermediate goods 0.088 0.088 0.088
sector

Vs Wa Persistence of demand shocks 0.896  0.896  0.896

78 Persistence of demand shocks 0.1038  0.1038 0.1038

P, Standard deviation of productivity innovations 0.00852 0.00852 0.00852

&b, Standard deviation of demand innovations 0.015 0.015 0.015

K ot Correlation of productivity innovations 0.288  0.288  0.288

Kgu g Correlation of demand innovations 0.3647 0.3647 0.3647

TCM trade credit model with extensive margin, 7C trade credit model, BS baseline model

“The parameter p is an endogenous variable in the TC and TCM models

bThe parameter N is an endogenous variable in the TCM model
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