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Abstract
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straints and exports that are then verified in the data. The main findings of the paper
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1 Introduction

When the economy enters a recession and a credit crunch shakes the financial sector, firms
find it harder to access credit. This is likely to affect their operations, the investments and
R&D they conduct and the way they develop and expand. There is however little empirical
evidence on how important financial considerations are for the international expansion of
firms.

Building on existing theoretical models and exploiting two novel datasets, this paper
considers the determinants of firm exporting behaviour. In particular, it seeks to analyse
whether there is any interaction between financial and credit constraints on the one hand
and exports on the other. The literature on firm-level trade has so far mostly concentrated
on the interactions between trade and productivity. This paper considers another critical
issue in understanding the exporting decisions of firms: the financial situation of the firm,
and in particular the credit constraints it faces. Decisions by firms cannot solely rely on
productivity considerations given that firms might be financially-constrained. In particular,
these constraints will affect volumes and patterns of trade and the efficiency of the equilibrium
outcome.

Heterogeneous firms models of international trade with liquidity-constrained firms by
Chaney (2005b) and Manova (2006) yield several predictions on the equilibrium relationships
between productivity, credit constraints and exports that are here verified in the data. The
main contribution of this paper is to show that firms are more likely to be exporters if they are
more productive and less credit-constrained. Regarding the patterns of trade, firms are more
likely to start exporting to a new destination and to export to many destinations if they face
fewer liquidity restrictions. Once they do start exporting to a given country, credit constraints
do not affect the value and growth of their exports. There is therefore a strong relationship
between the extensive margin of trade at the destination level and credit constraints, while
the intensive margin is not affected. This is the second prediction of the models that holds
in the data. Finally, the data confirms the theoretical prediction of a pecking order of trade:
firms exporting to the smallest and furthest away economies are more productive and less
credit-constrained.

The issue of financial constraints has very rarely been considered in the literature on
international trade, and the main contribution of this paper is to present both theoretical
and empirical findings on this matter. There is a large literature on exporting behaviour at
the firm level and the characteristics of exporters, with a strong emphasis on the link between
trade and productivity. On credit constraints, Chaney (2005b) provides a theoretical model of
trade with heterogeneous firms, along the lines of Melitz (2003), and introduces an exogenous
liquidity constraint to derive his results. However, he does not include any empirical test of
his predictions. In Manova’s (2006) paper, credit constraints interact with firm productivity,
thus reinforcing the way those firms with higher productivity select into exporting. Despite
the model being at the firm level, the focus of her paper is on the differences in countries’
and sectors’ access and need for external finance and how these shape export patterns.

Empirically, the detail of the datasets used is particularly suitable for the question ad-
dressed. First, the trade and balance sheet data used covers the full sample of Belgian manu-
facturing, at the firm level, with detailed information on export participation, but also on the
destinations and products exported. As previously shown in the literature, larger and more
productive firms are more likely to be exporters (for example, Bernard and Jensen, 2004),
and to export more products to more destinations. Credit constraints have not been included
in most firm-level empirical studies of trade. Manova (2006) uses industry- and country-level
data to test the predictions of her model. The literature on financial institutions and trade
does likewise, showing that export volumes from financially-vulnerable sectors are higher in
financially-developed countries (Beck, 2002 and 2003, Svaleryd and Vlachos, 2005 and Hur et
al., 2006). Using firm-level analysis in this paper allows a better understanding of how firms
vary within a given sector. The implications of the results would therefore allow policies to be
better targeted. Second, the measure of credit constraint used is unique in its kind, as it is a



yearly measure of the creditworthiness of firms, established by an institution external to the
firm, a credit insurer - Coface International. Campa and Shaver (2002) present evidence of the
relationship between export status and liquidity constraints for manufacturing firms in Spain
in the 1990s. However, their data does not allow the actual export patterns at the firm level
to be analysed in detail. Greenaway et al (2007) explore the impact of financial constraints
on export participation by using balance sheet variables to measure these constraints. Also,
a vast literature on the importance of liquidity constraints for firms, which will be briefly
described when presenting the Coface score and its advantages, has developed several mea-
sures which mainly make it possible to categorise firms between financially-constrained or
unconstrained. It examines the effects of credit constraints on different decisions, such as in-
vestment, but none of them applies these techniques to understanding exporting behaviour.
The approach that follows uses an original and valid measure of credit constraint to gauge
its importance on firm level exports.

This paper demonstrates the importance of credit constraints when considering export
patterns at the level of the firm. It leads to a more general question of the role of liquidity
constraints for firm dynamics and growth (Rossi-Hansberg and Wright, 2006) and for export
growth within the firm, fruitful areas for future research.

The paper is organised as follows. Section 2 develops the model and its predictions.
Section 3 presents the data, and demonstrates in particular why the Coface score is an
appropriate measure of credit constraints. Section 4 contains the empirical analysis of the
links between export patterns and credit constraints and Section 5 concludes.

2  The theoretical predictions

Only two models in the literature on heterogeneous firms and export decisions consider fi-
nancing constraints, namely Chaney (2005b) and Manova (2006). This section highlights the
predictions from their models by incorporating external financing as in Manova (2006) into
Chaney’s model. As a result, a firm has three sources of liquidity to finance the sunk costs of
exporting. A firm’s liquidity comprises internal financing and exogenous shocks as in Chaney
(2005b) as well as external financing. This implies that the firm faces credit constraints due
to imperfect financial contractibility, as in Manova’s approach (2006). The purpose of writ-
ing a model featuring both internal and external constraints will allow us to properly specify
the empirical approach using firm-level data and capture certain specificities of the data. In
future work, an extension of the model into a dynamic setting would allow the analysis of the
interactions between the different sources of financing and the possibility of their sequential
use.

2.1 Set-up

The economy consists of two countries Home and Foreign (the latter is hereafter denoted with
an asterisk *). The only factor of production is labour, and population is of size L. There
are two sectors. One sector provides a single homogeneous good which is freely traded. This
good is used as the numeraire, and its price is therefore equal to 1. Production in this sector
is characterised by constant returns to scale with g9 = B X ly, [y being the labour used to
produce quantity gg of the good. By choice of scale, the unit labour requirement at home
is 1/w (B = w) and 1/w* in foreign( B* = w*). Therefore, as shall be assumed, if both
countries produce the homogeneous good, wages will be fixed by this sector’s production at
w and w*respectively. The second sector produces a continuum of differentiated goods. Each
firm operating in this sector supplies one of these goods and is a monopolist for its variety.

2.2 Demand

Consumers are endowed with one unit of labour and their preferences over the differentiated
good display a constant elasticity of substitution (CES). Given their love of variety, they will



consume all available varieties. The utility function of the representative consumer can be
represented by U:

5K
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where the utility level is determined by the consumption of gy units of the homogeneous
good and ¢(w) units of each variety w of the differentiated good. The set Q includes all
varieties w and is determined in equilibrium. The constant elasticity of substitution between
any two varieties of the differentiated good is denoted by o > 1.

If all varieties in  are available domestically at price p(w) the ideal price index will be:

P= / p(w)' " dw (2)
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This implies that the representative consumer has an isoelastic demand function for each

differentiated variety g(w):
plw)™?
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This demand function, given the domestic price p(w), implies that the representative con-
sumer spends r(w) on each variety w, where pwlL is the total amount spent on differentiated
goods:
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2.3 Production

Production in the differentiated goods sector is characterised by a constant marginal cost.
Both countries enjoy the same technology and the marginal product of labour is constant.
As in Chaney (2005a), it is assumed that there is a fixed number of potential entrants
proportional to the size of the country, such that the mass of firms in each country in that
sector is also proportional to L or L*. There are fixed costs for a firm to start producing:
each firm has to pay a fixed entry cost Cyj in terms of domestic labour, at a price wCy in
terms of the numeraire. This introduces increasing returns to scale in the production process.

Each firm chooses to produce a different variety w. It draws a random unit labour produc-
tivity > 0 which determines its production cost. As in Melitz (2003), higher productivity
is modelled as producing a given variety at a lower marginal cost. There are also two types
of trade barriers if a firm wishes to serve Foreign. First, the firm needs to pay a fixed cost
of exporting Cy, paid exclusively in terms of foreign labour, which is w*C} in terms of the
numeraire. The crucial assumption of this cost being borne in terms of foreign labour is justi-
fied, as firms need, for example, to cover the cost of travelling to the country for prospection,
buying local information, carrying out marketing and competition studies, tailoring goods
to local demand and establishing a distribution network. A second part of fixed costs of
exporting paid at home in terms of domestic labour would lower the number of exporters
and amount of total exports but would not change the qualitative results of the model. The
same assumption is made in Chaney (2005b).

Serving the foreign market also involves a variable "iceberg" transport cost 7. Shipping
one unit of any variety of the differentiated good implies only fraction 1/7 arrives in Foreign
because the rest melts on the way.

These different assumptions mean that the cost of producing quantity gz for the home
market is ¢ (qq):



w
ca(qa) = G- +wCy (5)

and cost of producing ¢y units for the foreign market is cf (¢r), given the firm is already
producing for domestic consumers:

TW .
cr(qr) = 45—~ +wC (6)

Given firms are monopolists for the variety they produce, they set the price. Given the
isoelastic demand functions, the optimal price is a constant mark-up over unit cost, including
transport cost. This implies:
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at Home, and:
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in Foreign.

These pricing choices imply that any given firm having drawn productivity level x, could
make a profit of mg (z) in the domestic market, and 7 ¢ (x) abroad:
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In order to survive, a firm will need to produce domestically with a profit, whereas in order
to export, it will need to profitably produce for foreign consumers. Given equations (9) and
(10), this leads me, as in Melitz (2003) and Chaney (2005a and b) to define two productivity
thresholds, 4 and Ty , at which firms respectively choose to start producing and exporting,
when they face no liquidity constraint:

74 (Tq) =0and m¢ (Tf) =0 (11)

The monopolistic competition setting and the heterogeneity of firms in terms of pro-
ductivity implies a partition of firms between producers/non-producers and exporters/non-
exporters if trade costs are sufficiently high. From the profit functions, it is clear that
more productive firms will be able to charge lower prices, therefore ensuring themselves
larger market shares and benefiting from larger profits, both in the domestic and export
markets. On the domestic market, this means that the least productive firms do not sur-
vive, although the imperfect nature of competition implies that some low-productivity firms
are protected from competition if ¢ is finite and can therefore survive. Similarly, on for-
eign markets, a partition is made as only the most productive firms export. Given that
@ /Ta )" " = (1771C}/Cy) x (L) L*)x (P/P*)"~", if trade barriers are assumed high enough,
Ty > Tg will always hold. This implies that firms that are productive enough to export are
also producing domestically.

The model so far is identical to Chaney (2005b), and almost identical to Melitz (2003)
but for the presence of a numeraire sector, the firms’ entry process and potential asymmetry
between countries. Liquidity constraints are now introduced.



2.4 Liquidity constraints

In the setting above, exporting involves fixed costs. These must mostly be paid before any
profits are made abroad. If financial markets are imperfect, this leads to ex-ante under-
investment in exporting activities. A different nature of contracting and informational envi-
ronment in Foreign implies that this is more the case than for domestic entry costs. Foreign
activities are less verifiable and are considered more risky, as they involve, for example, the
use of a foreign currency. The weak contracting environment in some foreign countries means
it is harder to recover unpaid dues abroad, and therefore firms are unable to pledge as much
collateral for exports. These different elements mean that potential investors or lenders may
not be willing to help would-be exporters cover the fixed cost of starting to export.

Combining the assumptions made in Chaney (2005b) and Manova (2006) allows the con-
struction of a richer model, which will be better suited to analyse the data thereafter. Mod-
elling the investor’s decision in extending credit to firms more explicitly than in Chaney’s
set-up allows one to capture the interaction that exists between a firm’s performance and its
liquidity. But including an exogenous component to liquidity, as in Chaney (2005), allows
for the presence of firms with no liquidity constraints but low productivity, as in the data.
Also, by making some simplifying assumptions on price indices, as in Chaney, the model can
be solved in a general equilibrium and thereafter can analyse the effects of exchange rate
appreciations. The resulting model offers interesting predictions that are then taken to the
data.

It is assumed, for simplicity, that there is no liquidity or credit constraint for firms to
finance their domestic production. In a first step, as in Manova (2006), firms can finance the
variable cost of exporting internally. The fixed cost of exporting is assumed to be financed in
three different ways. First, a firm can use the profits generated from domestic sales w4 ().
Second, each firm is endowed with an exogenous random liquidity shock A, denominated in
units of domestic labour. Its value is hence wA. A and z (the productivity parameter) are
drawn from a joint distribution with cumulative distribution function F'(A, z) over RT x RT,
and F, (z) = lima_o F (A, z) over RT. Tt is also assumed that the group of entrepreneurs,
and hence the mass of firms entering the lottery, is proportional to L, the size of the country.

Third, a firm can decide to borrow an amount E on financial markets. In order to do so,
it must pledge tangible assets as collateral, and it is assumed that these will be proportional
to the fixed cost paid to enter the domestic market (e.g. cost of building the factory). The
proportionality ts is inherent to the nature of the industry with s denoting the sector, as in
Manova (2006) and Braun (2003): ¢;wCy will be pledgeable as collateral on financial markets.
The probability of a firm defaulting on its loan is 1 — A\, which reflects the level of financial
contractibility, exogenously determined by the strength of financial institutions in the home
country (in the empirical section, Belgium). The contracting timing is as follows. At the
start of each period, potential investors receive a take-it-or-leave-it offer contract from each
firm, detailing the amount to be borrowed, the repayment G and the collateral. Revenues
are then realised and, at the end of the period, the creditor claims the collateral t;wCy if the
firm defaults, or receives payment G (x) if the contract is enforced.

Given these three possibilities for financing the fixed cost of exporting, the liquidity con-
straint can be expressed as: wA + 74 (x) + E > w*Cy. A higher domestic profit therefore
relaxes the firm’s credit constraint. The firm needs to borrow kw*Cy to cover the fixed cost
of exporting, by defining the share (1 — k) of this cost that can be covered internally by the
firm such that (1 —k)w*Cy = wA+ g (x). As domestic profit increases, k decreases and the
firm is less credit-constrained.

Below, the expression for profits on the foreign market reflects the fact that the firm
finances a fraction (1 — k) of the fixed costs and all of its variable costs internally. As
for the share k that is financed externally, the exporter pays with probability A the investor
G (z) when the financial contract is enforced and with probability 1 — A replaces the collateral
claimed by the creditor. Exporters from Home choose their price and output levels for foreign
by maximising profits on the foreign market:
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There are three constraints to this maximisation problem. The first condition arises even
without imperfect financial markets, as it represents the demand condition. The second
condition reflects the maximum net revenues NR (x) the firm can offer to the creditor: its
revenue on the foreign market, minus the variable cost and share (1 — k) of fixed cost, both
financed internally. The third condition expresses the net return to the investor B (x) being
positive. This is equal to their expected return, given the probability of default, minus the
amount they have lent to the exporter to finance a share k of the fixed cost. The investor
will only finance the firm if he expects to at least break even. The amount borrowed by the
firm from the external investor is kw*Cy = [w*Cy — wA — mq (x)]'.

As credit markets are competitive, all investors break even and have zero expected profits.
Firms choose G (z) so as to bring the investor to his participation constraint. B (z) = 0 in
equilibrium. This implies that the firm’s maximisation problem is identical to the case without
credit constraints, except that G(z) cannot be greater than net revenues. Hence, as in Melitz

(2003):

b =T x = (ST (134)
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If there are no credit constraints, the threshold 7y is therefore defined by
g (Tf) =0o0rrp(Ty) =0ow Cy
C.\ 7=

o= (ZLf> ail%:: (14)

Yet, taking into account the presence of imperfect financial markets and hence credit
constraints, the second constraint of the profit maximisation problem of equation (12) is
considered: NR(z,ps(-),qr(-),B(x) =0) = G(T(A)). This yields the following revenue

function:
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! For simplicity, as in Manova (2006), I normalise the outside option of the investor to 0, rather than to the
world-market net interest rate r. This does not change the qualitative predictions of the model.



Therefore, if A = 1, this is equivalent to the original Melitz (2003) result of equations (13)
and 7 (A) = 7. If not, the productivity threshold for starting to export is defined by:

7 (A) = w—" <0>011[}\w*Cf—(lg)\)(ts—l)de—(1;)‘)wArll><

wor (2 B (;)1

Firms with productivity below Z (A) will not be able to export due to credit constraints,
despite some of them being sufficiently productive to do so profitably.

1—0c

2.5 Open-economy equilibrium

In order to consider firm entry and exit and the effect of exchange rate variations, this sub-
section computes the open-economy equilibrium.

It is assumed for simplicity, as in Chaney (2005b), that the price index only depends on
local firms’ prices and that foreign firms do not face any liquidity constraints. Prices set by
foreign firms for the varieties they sell at home only have a small impact on the general price
index. In a relatively closed economy, it is a reasonable approximation, which allows for the
model to be solved. The price index of equation (2) can be approximated by:

1

1—-0o
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>Tq
For convenience, function h (.) is defined as:
he:am = (2 / 27 Y4E, () | x C = T = h(C) (18)
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with b’ >0
This allows one to rewrite the productivity thresholds of equations (11), (14) and (16) 2:

Tq = h(Cy) (19)
Cr\71 w
Ty = <C§> Tk (C) (20)

which are equivalent to the results of Chaney (2005b), and
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All firms with productivity above T4 will be producing for domestic consumers. Firms with
a productivity above max{Zs, T (A)} will be able to export because they are both productive
enough and have sufficient liquidity to cover the fixed costs.

Equation (21) reflects the way firms cover fixed costs of exporting and how productivity
levels will affect their decision to export. First, note that if financial contracts were perfectly
enforced and X = 1, the two thresholds Z; and T (A) are equal. If this is not the case, looking

2Note that these thresholds do not depend on market sizes. This is due to the assumption that prices
are determined by domestic producers only, whose number is proportional to the size of the market. Larger
markets will have more varieties, and therefore profits will not be higher.



at A, the amount of exogenous liquidity matters. Firms with a small amount of exogenous
liquidity will need to compensate with a higher productivity level to be able to have both a
larger profit on the domestic market and a better access to external finance to pay upfront
the fixed cost of exporting. Firms with higher productivity can obtain more outside finance
because their net revenues and the repayments they offer their investors will be greater.
Naturally, a higher fixed cost of exporting C'y also increases the threshold, all other things
being equal. Firms in sectors in which tangible assets are more easily collateralisable (higher
ts) will need a lower level of productivity to obtain sufficient external finance and domestic
profits to become exporters.

The impact of domestic fixed-entry cost is ambiguous. On the one hand, a higher
Cy implies lower profits on the domestic market, thus reducing available liquidity and in-
creasing the threshold. On the other, it implies higher tangible assets, and also makes it
more difficult for firms to start producing at home, hence reducing competition, increas-
ing market shares of those that do survive and consequently their profits. The total effect
depends on the distribution of firm productivity. Two other elements will be affecting the
profitability of the foreign markets, and hence the productivity threshold. This is also true
for the threshold with no liquidity constraints. First, the greater the iceberg cost 7, the lower
the profits in Foreign. A lower C7j means that more foreign firms will be entering their own
market, hence reducing the market shares of home exporters and their profits. The reduction
in the profitability of foreign markets has an additional effect in the presence of financial
frictions, as it will reduce the repayments they can offer to investors. Finally, the relative
wage w*/w affects the productivity threshold through three channels. When it decreases,
so does %Cf: the fixed cost of entry into the foreign market being paid in foreign wages
will imply less domestic liquidity needed to be an exporter. Second, as in the absence of
liquidity constraints, a decrease in Foreign’s wage implies a smaller market abroad. A higher
wage at home increases production costs. Together, these imply lower profits in Foreign and
therefore a higher productivity threshold. The third effect of a lower relative wage occurs
in the presence of liquidity constraints, where A < 1. Lower net revenues imply a higher
liquidity constraint, and hence an even higher productivity threshold to compensate.

These various elements determine the productivity threshold for exporting that holds
when firms are liquidity-constrained, and hence the number of exporters and their entry and
exit into foreign markets. Some firms, despite being productive enough to profitably export
will be liquidity-constrained and will therefore not export if 7 (4) > . Proposition 1 states
the condition under which there will be a set of such firms?, and for the remainder of this
paper, this assumption holds.

3This proposition is close to Chaney (2005)’s Proposition 1.
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of liquidity-constrained firms that are prevented from profitably exporting because they have
insufficient liquidity, both exogenously and on the external financial market.

Proof. See appendix A. =

Firms that have a very low productivity, below T4, will not even produce domestically.
Some firms will be productive enough to produce domestically, but for which it will not
be profitable to export. Their productivity will be below Z;. Firms whose productivity is
between Z; and Z(A) either have a too low exogenous liquidity shock A, or are not productive
enough to raise external finance, or a combination of both. Firms with productivity above
Z(A) have a sufficiently high A combined with a high enough productivity to both pay the
fixed cost of exporting and profitably export. Some even more productive firms would be
able to export whatever the A they have, as they would be able to cover the whole fixed cost
of exporting with domestic profits and external finance. Finally, the most productive firms
need neither an exogenous liquidity shock A, nor access to external finance, and exclusively
finance their fixed cost of exporting through domestic profits.

2.6 Destinations

In this section, the model is extended to the case in which there are more than two countries,
and each firm in Home can decide to export to more than one destination.

In that case, it needs to pay the fixed cost of exporting to each of the destinations it
serves. Without credit constraints, all destinations to which a firm could profitably export
are served. However, with credit market imperfections, a firm which has limited available
liquidity will only be able to pay the fixed cost of exporting to a certain number of countries.
On the external financing side, if a firm decides to export to n destinations, then the available
collateral for each destination will be %. The exogenous liquidity and domestic profits
available for covering the fixed cost of serving each destination will be also divided by n.

In partial equilibrium analysis, in which the price index is taken as given and not affected
by the productivity thresholds that determine entry and exit of firms, this yields the following
productivity threshold:

=, (2) [ U5 (5 ) - O30T

wr () O (1)

In general equilibrium, domestic general price indices are determined in each country by
domestic producers, as approximated in equation (17). Assuming Cy is identical for all n
countries served, the productivity threshold for exporting to one of the foreign countries with
wage w* and cost Cf, given you are exporting to n — 1 other countries is:

1
1—0o
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The productivity threshold for firms to export will be increasing in the number of desti-
nations they decide to serve when financial markets are imperfect and A < 1. The exogenous

10



liquidity shock and the domestic tangible fixed assets used as collateral (and hence the avail-
able external finance) will need to be shared to pay for the fixed costs of the n destinations
served. This will increase the productivity level needed to ensure higher domestic profits and
more external finance will compensate for the additional need for liquidity.

Proposition 2 If the condition in Proposition 1 holds, there is a non-empty set of liquidity-
constrained firms that are prevented from profitably exporting to n destinations because they
have insufficient liquidity, both exogenously and on the external financial market. As a result,
more productive and less credit-constrained firms will export to more destinations.

Proof. Given the condition in Proposition 1 holds, T (4) > Z¢. In the absence of financial

constraints, with C'y common to all markets, Ty does not vary across destinations, nor with
the number of destinations served. Hence any firm productive enough to profitably export
to one country will also be able to export to n destinations. This is not the case with
credit constraints. As 77 (A) = T (A) and %577(;@ > 0, the thresholds are such that 7, (A) >
Tn1(A) >Tp—2(A) > ... > T3 (A) > 71 (A) > Ty, hence the result. m

Without considering entry and exit of firms, whatever the number of destinations being
served, the productivity threshold for exporting to larger markets is lower, as can be seen
from equation (22). Net revenues for firms exporting to such markets are also larger, which
means they will be less credit-constrained, all other things equal. The effect of the size of
the market needs to be balanced with that of iceberg trade costs: a very large market will be
less profitable if it is located far from the Home economy and that trade costs are therefore
higher. From equation (22) it is straightforward to show that:

70 (4) <0 (24)

9 (7=r)

One can therefore order all potential destination markets according to Tf—il, their size
weighted by the iceberg cost that applies to them. This ordering will also correspond to the
profits derived from exporting to those countries: the higher Tf—il, the higher the profit as
given by equation (13). This introduces a pecking order of trade:

Proposition 3 Firms will add export destinations in decreasing order of trade cost weighted
market size, Tf—il More productive firms will export to more destinations, but also to relatively
smaller markets.

Proof. See appendix B. =

This result is similar to that of Manova (2006), except for the important trade cost
weighting dimension. It does not carry over directly to general equilibrium because of the
assumption made on prices. In the open equilibrium economy, thresholds will depend on
trade costs, but not on market size.

We now turn to the empirical analysis in order to verify whether the model’s predictions
are confirmed in the data.

3 Data

3.1 The Belgian Balance Sheet and Trade Transaction Data

This dataset was presented in detail in Muuls and Pisu (2007). It merges firm-level balance
sheet and trade data for Belgium. The balance sheet part of the BBSTTD is used to extract
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firm-level annual characteristics, including employment, value added, financial situation, sec-
tor of activity and to compute total factor productivity. Only the export data side of the trade
data is used in this paper, and includes the destinations, products and value information?.

Manufacturing firms only are selected as belonging to sectors 15 to 36 of the NACE-BEL
classification. Firms from sector 232 (refined petroleum products) are excluded as their total
factor productivity (TFP) measures are strong outliers. Only firms with more than one full-
time equivalent employee are kept in the dataset. The data is then merged into the Coface
database, described in the following subsection, and only firms for which a Coface score is
given for each year a balance sheet was available is kept in the dataset. All observations are
kept in the dataset®, which is described in Table 5.

3.2 Measuring Credit Constraints: the Coface score

As a measure of credit constraints, the Coface Services Belgium Global Score for around
9,000 Belgian manufacturing firms between 1999 and 2005 is used®. This section describes
the activities of Coface, the construction of the score, justification for using it as a measure for
credit constraints, and an external validation through its comparison with other techniques
found in the literature on credit constraints.

3.2.1 The Coface score

Coface International Established in France in 1945 as a credit insurance company, Coface
has grown in the past 15 years to become a world provider of services to facilitate business-to-
business trade. Besides offering receivables finance and managing and collecting commercial
receivables for its clients, it also provides credit information and insurance services.

Through a worldwide network of credit information entities, it has constituted an inter-
national buyer’s risk database on 44 million companies. Data from public and private sources
are added to Coface’s internal data in order to manage each company’s rating and Coface’s
risk exposure on a continuous basis.

Based on this database, it can offer credit insurance policies and therefore allows its clients
to tackle customer insolvency, bad debts, overdue accounts, commercial risks and political
risks when trading on credit terms. With the same database, it also provides its clients with
credit information on other firms.

Within the Basel II framework for regulatory capital requirements, banks may choose to
compute their regulatory capital requirement through the internal ratings-based approach,
hence providing a measure of the probability of default for each borrowing company. There
has therefore been an incentive for credit insurance firms such as Coface to also offer their
services to banks who wish to outsource this measurement.

Why is it a good measure of credit constraints?

The Coface score, despite being constructed as a bankruptcy risk measure, is highly
correlated with how credit-constrained a firm is. It will reflect the same type of information
that a bank would use to decide whether it lends to a firm. In some sense, by covering the
risk for its clients of trading with firms that have a good score, Coface also provides these
firms with a form of extra liquidity through a short-term debt from their suppliers: it gives
a firm the opportunity to pay for the goods or services provided by Coface’s client at a later
date. This is reflected in the term “credit insurance”.

Although it is clearly endogenous to the firm’s performance and characteristics, it is
not directly affected by its exporting behaviour, given that this is not public information in

1Given the difference of threshold for data to be available when a firm exports within the EU and outside
the EU (see Mutls and Pisu, 2007), we do not consider as exporters firms that export only outside the EU
and whose annual total of imports and exports is lower than 250,000 Euros.

®Note that in the BBSTTD, observations with a negative value-added or with less than one employee are
dropped.

SThere are 62,569 year-firm observations. In 1999, 9,268 firms, and in 2005, reflecting the decline of
manufacturing reported in Mudls and Pisu (2007), only 8,411 firms.
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Belgium and that it does not enter the Coface’s score determination model. Being determined
independently by a private firm, the Coface score is therefore a very useful measure of credit
constraint for the purposes of this paper. It is unusual for such data to be available and
has a great advantage on measures of credit constraints used in the literature so far: it is
firm-specific, varies through time on a yearly basis and allows for a measure of the degree of
credit constraint rather than classifying firms between the two constrained or unconstrained
categories. Although the score is updated by Coface on a continuous basis, the data provided
by the company for this paper only reports the score of each firm on 31 December.

The score is endogenous to some of the other firm’s characteristics, as illustrated in
Figure (1). In the empirical section, the equilibrium relationships from the model will be
estimated, and no causality relation established. The model presented in the previous section
predicts that credit constraints are endogenous. The score contains information about the
credit constraints a firm faces but also about its quality, performance and productivity. Two
firms with equally valuable projects, and identical profitability and productivity can be very
different in terms of financial health, board structure, and other elements that will determine
their score and their access to credit. The empirical analysis will therefore seek to control for
a number of variables that could potentially influence both the Coface score and the exporting
activity under study, such as size and productivity of firms.

The Coface score is a well-suited direct measure of creditworthiness used by other firms
and by banks when extending loans, and will be used in the empirical analysis to measure
how credit-constrained firms are.

Construction of the score

As presented in Mitchell and Van Roy, 2007, there is a large academic literature on
bankruptcy prediction models such as that used to construct Coface’s score (Vivet, 2004, for
Belgium and see, for example, the review by Balcaen and Ooghe, 2006). However, privately-
computed probability of default or credit scores such as Coface’s are naturally less well-
known. The aim of the score is to predict the risk of default of the firm and therefore classify
firms between “healthy” and “failing firms”. The precise model used to compute the Coface
score is confidential, for obvious reasons. As summarised in Figure 1, it combines several
quantitative and qualitative inputs: financial statements (leverage, liquidity, profitability,
size, etc.), industry-specific variables, macro-economic variables such as industrial production,
legal form, age, geographical location, type of annual accounts (full or abbreviated), life cycle,
board structure, commercial premises, payments incidents, ONSS (social security) summons
and legal judgments.

Figure 1: The Coface Score

Other elements:
- Sector
- Legal form
- Location
- Life cycle
- Board structure
- Commercial premises
- Payments incidents
- ONSS summons
- legal judgements

J —‘ Firm financial situation and performance|

A

' H Credit constraints ‘
1 Y
i 1—% Exporting behavior
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These various inputs are combined using several statistical methods. This combination
has been constructed by a trial-and-error method, which is why no Coface data before 1999
is used.

The result is a score ranging from 3/20 to 19/20. Although the model predicts continuous
scores they are rounded to unity in the obtained data. The three categories used by Coface
are the “maximum mistrust” (3 to 6/20 inclusive), “temporary vulnerability” (7 to 9/20
inclusive) and “normal to strong confidence” (10 to 19/20 inclusive).

Selection of firms with a score

Given there is no possibility for the moment to select which firms’ scores are available,
below descriptive statistics are examined to see if there are any systematic differences between
firms with a Coface score and those without. Table 1 shows that firms with a Coface score
are larger and more productive’. Exporting firms with a score available export on average
more, more products and to more destinations. However, given the high correlation between
size and these variables, a Probit analysis is carried out for the year 2003.

Table 1: Comparison of firms with or without available Coface score

NolCofacelscore Cofacé dcoredvailable

Mean  sd Obs. se Mean sd Obs. se

Employment

Loglof TFPLevl Pet

12.95 123.28 39092 0.62 5392 219.63 62416  0.88

9.95 1.31 37889  0.01 10.50  1.43 61655 0.01
N Total export(value
a (inimillionEuros) 7.80 12.20 6819 0.15 1253 16.42 29585  0.10
£ | Numberiof
g destinations 8.11 15.29 6819 0.19 1351 23.16 29585  0.13
s
= Numberof producs | 8.22 58.37 6819 0.71 16.59  102.92 29585 0.60

Notes:[Thd dataset is_an[iinbalan ced_panel_bf Belgian[ manufacturing{ firms fromthd BBSTTDLn[ D9 three digit
sectors fo1 the years 1999[to 2005. Thd first fout columnsl depict firms_ that havel hol Cofacels cord available. The
firm[is however inlthelBBSTTDI (with[balan ce sheet information,/more than one employeeland potentially trade
data)[for that! year. The Coface $ coreis a creditl fating{ $ cord tonstru cted for eachlyear andeachl firm[by Coface. In
the four last olumns, the kcord sl available. Only firms[ for swhichl 4 corelis_availabld for eachlyear they file[a
balan ce sheet over thd p eriodlare keptiin[thd sample. Thedmean,[standardldeviation[(sd),[humber bf 6bservations
(Obs.)landlstandardlerror 6f the means(se) are teported forl thd following ¥rariables [Employment tepresents the
number bfl full time equivalent employees, f‘Log bf TFP Levi Pet”is[ the logarithm[ bfl Total Factort Productivity
calalatedaccording to Levinsohnland Petrin's[(2003) method.[Thd last thred rowsllcom pareexporters inleach
catego ry,Jcompating thd total value bf theif exports,[thd humber of destinations they serve and thd humber bf
produasithey export.

The results are reported in Table 2. Larger firms in terms of employees numbers are
more likely to be included in the sample. This is not surprising given the nature of the
score and the composition of the BBSTTD. In comparison to other papers in the literature
(e.g. Bernard and Jensen, 2004), the requirement for all firms in Belgium to file a balance
sheet implies that the annual accounts dataset contains a high proportion of very small firms.
Despite the bias introduced by selecting only firms with a score, the resulting dataset remains
representative of the Belgian economy in terms of sector composition, employment and value
added growth®. Besides, Table 2 shows that once size of the firm is controlled for, there are
no systematic differences between firms that are in the sample and those outside, given that

"Their mean employment and mean productivity are significantly different from those of firms with no
Coface score available, as can be seen by the size of the standard errors.

8In 2004, the firms with a score available represented 87.73 p.c. of total employment in manufacturing
firms and 87.9 p.c. of total value added produced by manufacturing firms. It also contributed by 152 p.c. to
the increase in total value added, while firms not included in the Coface sample reduced the total value added
by 50 p.c.
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the coefficients on productivity and export characteristics are not significant. So, there is no
bias to be taken into account in the empirical analysis as long as size is controlled for.

Table 2: Probit analysis of inclusion in the Coface sample

- 0/ 1ldummy:1[=Firm[with[Cofacds c reldvailable
Dependent ariable: 0=lh03 core dvailable
©) @
Logl{employment) 0.768** 0.377%*
(0.022) (0.025)
Log (TFP Levi Pet) [0.013
(0.013)
Exporter {non Exportef dummy [0.046
(0.031)
Logf(total exports) £0.008
(0.013)
Log/ (numbet of destinations exported) 0.007
(0.031)
Log/ (number off produ asiéxpo rted) [0.024
(0.025)
Observations 13924 5126

Notes: Theldataset[is an[inbalan ced[panel o ff Belgian manufacturing firms from[thd BBSTTDUlin 99 thred digit
sectors for the yeard 2003.[IRobust standardlerrorslin parentheses; #[denotes statistical significan cd at thd 1 0%l level;
* denotes_statistical_significan ad at the 5% level; ¥* denotesl statistical significan el atl the 1%l level Includes ¢onstant,
not teported [The dependent variabldis the Al dummytequal tol1lif a credit tating[s core tonstructed for eachlfirmlby
Cofacdis available in[2003. The dummylis equal tol 07if thd firm[islin[the BBSTTDI (with[balance $heetlinformation,
more thanlond lemployed and potentially tradel data), but holk co relislavailable.Only firms for[vhicha s co relis
availabld fot eachlyeat they file d balan cel sheetl ovet thel p eriodlarelkeptinlthesample. Logl (x)ls thellogarithmlof
variable k. “TFP Lev[Pet”is[Total Factot [Produ ctivity Jecal aulatedaccordingl to Tevinsohnand Pettin'sT{(2003)
method. “Exporter honExporter”’isLA dummytequallfol 1T ghelfirmlexportsin[200 3, and equalfo0ifnot.

3.2.2 External validation

Having described the construction of the Coface score, this section now shows how it is
correlated to firm fundamentals and how it is related to higher debt. It also relates it to the
important literature on credit constraints in corporate finance.

Correlation with firm fundamentals Given the methodology used to construct the
score is not available publicly, it is shown here how correlated the score is with the firm’s
financial situation and productivity. A selection of financial ratios (Lagneaux and Vivet,
2006) measures each firm’s solvency, liquidity, profitability and investment.

Profitability is measured with the return on equity (ROE) ratio, net profit after tax
over equity capital. It reflects the return to be expected by shareholders once all expenses
and taxes have been deducted. It is widely used in the literature as an indicator of firm
performance (see, for instance, Gorton and Schmid, 2000).
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Table 3: The correlation between the score and financial ratios and productivity

Dependentvariable: Score
O @ ©) ©) ©) @ ©)

Return'onlequity [0.395%*

(0.033)
Finandalindependence 5.267**

(0.114)
Borrowingsl coverage 0.638**
(0.075)
Broadliquidity 0.319%*
(0.019)
Investment fatio 80.381%**
(9.268)
Log (TFP Levi Pet) 1.155%* 0.056+
(0.029) (0.034)

Log{(employment) 0.660** 0.734%%  0.667**  0.734%F  0.686*%*  0.363*F  0.650**

(0.043) (0.043) (0.044) (0.045) (0.045) (0.016) (0.044)
Observations 61237 61245 61190 61185 60114 61655 61655
Number of firms 10525 10452 10500 10485 10453 10477
Risquared 0.08 0.30 0.16 0.14 0.08 0.10 0.01
Firm[fixedeffects YES YES YES YES YES NO YES
Secto1 fixed effects NO NO NO NO NO YES NO
Y ear fixed| éffects YES YES YES YES YES YES YES

Notes: Fixedleffect OLS regression (“Within”[estimator).[The dataset_is_anlunbalan ced_panel_of Belgian
manufacturing firms from[thd BBSTTD with[ Cofacd 5 co re_availablel and indudeslanlaverag ¢ of 8,926 firms
petlyeat in[ 99 threeldigit secto rs_bver thel period 1999 to 2005.. Robust standardlerrorslinl parentheses;
denotes statistical significan cd at the 10%[ level] * denotes Statistical significan ce at the 5% level; #* denotes
statistical significan celat thd 1%l[level Indudesl tonstant and[ Bldigit sector and yeart dummies, notl teported.
Thd Jratios/ Jare”'defined as follows: ReturnJon JEquity J=[Net Iprofit_aftet Itax |/ JEquityl Jeapital; Finan cial
independen o =[E quity tapital /[ Totalliabilities; Coveragd of borrowings by tash[ flow F=[Cash[flow[ /[ {Debt
+ Resetves H Deferred tax); Liquidity "in thd broad $ense" =[(Total assets — Longf term[Loans)[/[Short term
liabilities{ Investment tatio =[A cquisitions o f tangibld fixed (assets” )/ [ Value added.[Theléxtreme bbservations
(top andbottom[percentile) for eachltatio acrosslall years are temovedforlthe torresponding fegression.

Log [(TFP ILevi Pet) lislithe logarithm[Jof la imeasure lof Total Factor Productivity Jmeasured Jaccording to
Levinsohnland[Petrin's (2003)_method, for more details sed mainltext in following(section Log (employment)
is[thelogarithmloflemployment,dnd makeslit possibldtol control for thelsizelof firms. The d ependentivariable
is_thd credit rating{ s corel constru cted forleachl year andleach firm[bylCofacd and tanges from 3[tol19..Only
firmsl for whichl & 5 co rel is_availablel for eachl yead they ffile a balance sheetl over the period are keptiinlthe
sample[The variationlinlthe humber 6ff observationslis dud tolfirms ot reporting some of thd variables used
in[thée ¢alaulation[ofl4 givenltatiolin[their[balan ce[sheet.

Solvency is measured with two ratios, financial independence and coverage of borrowings
by cash flow. These summarise the firm’s ability to meet its short- and long-term financial
liabilities. Financial independence is the ratio between equity capital and total liabilities. It
also reflects how independent the firm is of borrowings. The coverage of borrowings by cash
flow measures the firm’s repayment capability, and its converse specifies the number of years
it would take to repay its debts assuming its cash flow were constant.

Liquidity “in the broad sense” ratio is used to assess the firm’s ability to repay its short-
term debts. It divides total assets realisable and available by short—term liabilities.

Investment is assessed by computing the rate of investment and acquisitions of tangible
fixed assets over value added for the year.

As shown in Table 3, the Coface score is correlated with all these ratios, confirming it
reflects the financial situation. The negative coefficient of the return on equity corresponds
to a very low beta coefficient’ (-0.015) compared to the other ratios (for example, 0.47
for financial independence). Also called standardised coefficients, the beta coefficents are
computed by standardising the variables so that they have a variance of 1. The betas measure
the effects on the dependent variable of the different independent variables. They allow the
comparison of the importance of the independent variables even when these are measured
in different units. Liquidity and solvability therefore appear to be more important elements
than profitability in determining a firm’s access to credit. Firm and year fixed effects are

9The beta coefficients are not presented in the table and were computed separately.
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included in the OLS regression, thus also controlling for possible differences in, for example,
risk premia across industries and years which might affect the Coface score and other financial
measures differentially. Such controls will be included in many other regressions in the paper.

Score and productivity This subsection also presents the correlation between credit con-
straints and productivity, the two determinants in the model’s framework of firms’ export
decisions. Measuring productivity is prone to several problems that have been dealt with in
different ways in the literature. The method used throughout this paper, as in Levinsohn
and Petrin (2003), measures TFP using materials as a proxy rather than investment, thus
reducing the number of zero-observations often noted in the data for investment compared
to materials'’.

In Table 3, the Coface score is regressed on productivity, controlling for size, and including
separate specifications with sector and firm fixed-effect in the two last columns. Score is
positively but not perfectly correlated with productivity, confirming that credit constraints
and productivity are two different issues to be considered when analysing export behaviour.
This is also illustrated in Figure 2, which shows there is no clear positive relationship between
the score and the firm’s productivity.

Figure 2: Total Factor Productivity and Score (2005)
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Notes{The dataset is_an[ unbalanced panel of Belgian' manufacturing firms fromthe BBSTTDLsvith Coface score
availablelinl ¢achlyear they file inlal balancel sheet over thelperiod and includes anl averagel of 8,926 firms[per [year in'99
thred digit' sectors over thelperiod 1999t 2005. This! figurel plots 8,395 firms! fot thel year 2005. Onl the horizontal axis,
the ¢redit tating $corelisl teported, constructed for ¢achlyear and eachl firm by Coface andl tanges from(3[to[ 19/ The
vertical axisimeasures thel Jogarithm of Total Factor Productivityl computed'dccordingto Levinsohn and Petrin’s (2003)
method.

Dividend Payout and Total Assets The effects of financial constraints on firm behaviour
are an important area of research in corporate finance. Compared with existing literature, the
Coface score provides many advantages. It is a direct measure of the credit ratings of firms,
which is used by banks and other firms when they decide to extend credit or not. Adapted
according to the most recent information available and including many determinants, it is

10The results presented below are robust to using alternative measures of Total Factor Productivity.
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available for each year. Finally, it not only classifies firms between constrained and non-
constrained, but provides a precise scale of the creditworthiness of the firm.

One of the many approaches in the literature consists of sorting firms into financially-
constrained and unconstrained types on a yearly basis by ranking firms according to their
payout dividend ratio (Cleary, 1999). As in Almeida et al (2004) and based on the intuition
in Fazzari et al. (1988), firms in the top three deciles would be considered as less financially-
constrained than firms in the bottom three. Also, considering size as a good observable
measure of credit constraints based on Gilchrist and Himmelberg (1995) and as in Almeida
et al. (2004), ranking can be made according to total assets (Allayannis and Mozumdar,
2004). Testing whether such classifications imply a larger score for unconstrained firms, the
results are presented in Table 4. In the two alternative classification criteria, it appears that
unconstrained firms will have a significantly higher average score than financially-constrained
ones. The means are significantly different from one another, as can be noted from the
standard errors. This confirms that the Coface score offers a creditworthiness measure that
is consistent with the existing literature.

Table 4: Score of financially-constrained and unconstrained firms according to dividend pay-
out ratio and total assets

Score Mean SE Max Min N
Dividendlpayout

Constrained 13.52 .054 19 3 3074
Un constrained 14.12 .048 19 3 3073
Total dssets

Constrained 10.33 .028 19 3 18762
Un constrained 13.00 .027 19 3 18767

Notes{ [The ldataset lis lan[ lunbalan ced Jpanel Jof 1B elgianJmanufacturing Ifirms[lfrom[Jthe
BBSTTDLwith[ Coface s core available andlin dudeslanlaverage o 8,920 firms pet year in 99
thred digitl sectorslover the period 1999 to 2005 T The credit tating| 5 core lonstru cted for
eachlyeat andleachl firm(by Coface ranges from 34ol19.Itslmean,standard error/maximum
andCminimum{observationsarel reported forl thd different Icategoriesdefined.[Using the
dividend[payout criterion, only firmswhosd dividend payout is positivd are in duded, <which
isiwhyt therelis al differen celin‘the humber of observations [Firmswhose dividend payout is
inlthd top[ B0 p ercentileslarel considered as finan cially in constrain ed, whereas/ thoselin the
bottom[B0 percentiles are finan dallylconstrained . The samelis done Wwithltotallassets. The
mean testlis[passed,[meaning[that’constrained firmsthave A lower s co re than[hin constrained
firms[in[bothl¢riteria[This[is robust toluisinglonlylone trossisectionlof the data[ o taking
outlobservationsiwithinthdfoplandbottom[percentileslofléachlmeasure.

4 Empirical results

In this section the predictions of the model will be tested on the Belgian dataset. It should
be noted that the necessary and simplifying assumption made in equation 17 that prices are
set domestically does not apply perfectly to an open economy such as Belgium, used in the
empirical section below. However, the predictions of the model tested in this section remain
valid.

4.1 The effect of credit constraints on the export status, destinations, total
exports, and products.

As a first prediction of the model, it would be expected that firms that are less credit-
constrained are more likely to be exporters. This appears in the descriptive statistics pre-
sented in Table 5: on average, exporters are not only significantly larger and more produc-
tive, they also have a significantly higher score, meaning they are more creditworthy and less
liquidity-constrained.
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Table 5: Descriptive Statistics

Nonl Exporters Exporters

Mean sd Obs. se Mean sd Obs. se
Employment 15.89 3111 33425 0.17 97.45  314.65 29036  1.85
Logl of TFPLevl Pet 10.23 1.10 32769 0.01 10.80  1.66 28860  0.01
Score 11.06 3.78 33425  0.02 1232 3.84 29036 0.02
Numbetr of
destinations 1274 16.48 29036
Number offproducts 13.75 2332 29036
Totalexport¥alue
(infmillion[Furos) 16.90  104.0 29036

Notes: Thd dataset is_ an unbalan ced panel 6f B elgianl manufacturing! firm s from the BBSTTDIWwith
Cofacd s core available’andlindudeslanlaverage of 8,926 firms[per yearin 99 thred digit sectorslover
the lperiod 119991t 12005.  ObservationslJare Jat lthel ffirm[year llevel. Thdlcredit lratinglIscore
constru cted ot eachlyear and eachl firm[ by Cofacd rangesl from[ 3 to[119. The means, standard
deviations,[humberslofl observationsland standard errors of imeans are feported for thd different
variablesland categoriesldefined. Exportersiare firm sl thatlwere exportinglal positive_imountlin[that
year. Nonl exportersiwereléxporting zerolinlthat year.

This is confirmed when considering the coefficients of firm characteristics effect on the
probability of exporting in a given year from the linear probability model in levels reported
in Table 6. The whole sample of firms for which a Coface score is available in each year
it has filed a balance sheet is included. Given the number of fixed effects to be included
in the specification, using a linear probability model addresses the incidental parameters
problem that affects non-linear fixed-effects estimates. This specification is used in Bernard
and Jensen (2004) for a very similar binary choice problem despite the problems this might
provoke (e.g. predicted probabilities outside the 0-1 range). Dummies for three-digit industry
and year are included, and control for lagged (one year) size and a measure of productivity:
total factor productivity (as in Levinsohn and Petrin). Controlling for these observables
and given the composition of the score described above, the residual is a good measure of
credit constraints faced by a firm. Larger and more productive firms are more likely to be
exporting. The first column replicates the result previously found in the literature that more
productive firms are more likely to export. The coefficient on the lagged score is positive
and significant in column (2), confirming that firms which are less credit-constrained have a
higher probability of being exporters. In that specification, the coefficient on productivity is
not reduced compared to the first column, indicating the score captures the additional effect
of credit constraints. The score is also included in column (3) which augments the model with
an interaction term between the lagged score and lagged TFP. Probably due to the correlation
between productivity and the score which reduces the significance of the variables, the result
is not as predicted by the model. The positive effect of a higher credit score on the probability
to be an exporter is not diminished with a higher productivity. When including the lagged
export status variable, as in Bernard and Jensen (2004), the results carry through although
the positive coefficient on the score is not significant, as shown in columns (4) and (5). This
is probably due to firms’ scores not varying much through time, as creditworthiness might
not change greatly from year to year. It could also point to the results of the model showing
that credit constraints should have no impact on a firm’s exporting status in a given year if
it was already an exporter in the previous year as the fixed cost of starting to export would
have already been borne.
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Table 6: Linear probability model on exporter status

Dependent variable: 0/1Dummyhonlexporter/ exporter
@ @ ©) @ ©)
Log (Scorel(t 1)) 0.027%* 0.016 0.004 0.001
(0.005) (0.035) (0.003) (0.004)
Log (TFPLeviPet (t 1)) 0.090** 0.087** 0.085%* 0.013** 0.026**
(0.004) (0.004) (0.009) (0.002) (0.004)
Log (TFP Levi Pet (t 1)) 0.001
x Log[(Scorel(t1))
(0.003)
Exporter/nonlexp.[(t 1) 0.782%* 0.106**
(0.004) (0.010)
Log{(empl.)[(t1) 0.143%* 0.142** 0.142** 0.032%* 0.067**
(0.002) (0.002) (0.002) (0.001) (0.005)
Obsetvations 50824 50824 50824 50824 50824
Risquared 0.33 0.33 0.33 0.74 0.02
Numberof firms 10080
Firm[fixedleffects NO NO NO NO YES
Yearlfixedléffects YES YES YES YES YES
Sectorfixedleffects YES YES YES YES NO

Notes{ Lineat Probability tegressioninllevels fotl columns[(1)[tol (3} andtith firmfixed effect (“Within”
estimator) forf columnl({4) [Theldataset’iscan[hnbalan cedlpan el 6f Belgian'manufacturing firms from(the
BBSTTDI with[Cofacd s cord lavailable o1 each[lyeat they file inla balan cel sheet over thd periodand
indudes an/average ofl 8,926/ firms[ped year in 99 thred digit sectorsidver thdperiod 1999 to[2005.[Robust
standarderrorsin[ parentheses; H [ denotes statistical significan ce at the 10%[level; * denotesl statistical

significan ce at the b%[level ¥ * denotes statisticall significan ce'at th d 1%l[level [ Indudes constant and(3[]
digit secto r and[Year dummies, hot teported./ The dependent Vatiabldisld dummylindicating Whether the

firmlCexportsLor hotlin that(year.[{t'1)[indicates thel explanatory variabld haslbeenlagged byt oneyear. Log

(x)ls thd logarithm[bf variable'x. Thelcreditltating[ s core[constructed for eachlyear and eachl firm[by

Cofacd frangesl from[ B tol119. Logl (empl.) s the logarithm of employment, and makes[ it possibleto
controlfor thelsize of firms[TFP Levi Pet is 2 measurd of Total Factor Produ ctivity calaulated according

to Levinsohnland Pettin's (200 3) method.[Fox tolumnl(3) [theinteraction betw eenl produ ctivity and the

sco relis used aslanl explanatory ¥ariable. Inléolumns[{4) and (5) [ thedJaggedldependent Variable/d dummy
indicating exportlactivitylin the p revious year,[isdlsolin duded.

As regards destinations, Proposition 2 considers the number of destinations served by a

firm as being positively related to its productivity and negatively to credit constraints. This
is confirmed in the OLS regression with firm fixed effects in the first column of Table 7, where
it appears that the lagged score affects positively and significantly the number of markets
served by a firm, while the positive coefficient on productivity is significant!'. Going beyond
the model, it is also established in Table 7 that this result is also true when looking at total
exports and products. The number of products exported seems to be less dependent on credit
constraints (the positive coefficient is only statistically significant at the 10.2% level) than
the number of destinations.

"' This is robust to using the logarithm of labour productivity measured by value added per employee, rather
than TFP.
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Table 7: Total exports, destinations and products

Log (Number of Log (Numbet of
Dependentl variable: dg::_sqtinations) Log (Total exports) pro?jcts}xported)
©) 2 3
Log{ (Score[(t 1)) 0.036** 0.088** 0.024+
(0.011) (0.026) (0.014)
Log (TFP LeviPetl(t 1)) 0.028%** 0.147** 0.028*
(0.010) (0.024) (0.011)
Log (Employment (¢ 1)) 0.311%* 0.757** 0.314**
(0.019) (0.047) (0.023)
Observations 22137 22137 22137
Numbef of firms 4972 4972 4972
Risquared 0.04 0.05 0.02
Firm[fixedléffects YES YES YES
Y earlfixed éffects YES YES YES

Notes: Fixedl éffect IOLS regressions [(“Within”Cestimator).[[The datas et is_an unbalan ced panel lof
Belgianlmanufacturing firmsifromthe BBSTTDwith[ Coface s core available o1 eachlyear they filelinla
balan ce sheetl over the periodlandlindudes’anlaverage ofl 8,926[ firms[ per year in 99 thred digitl sectors
ovet the period 11999 ol 2005..10nly bbservationsl inl which[thd firm islkexporting ared kept. Robust
standardlerrorslin[parentheses; [ denotes statistical significan celat th e 10%level;[(¥ denotesl$tatistical
significan ce at thd B%[ level; ** denotesl statistical significan ce atl thel1%[ level Indudes onstant and
yearr dummies, not feported. Thed dependent variableslard thdlogarithmslof the number of destinations
servedl(columnll(1)), of totallexports_l(columnl](2))Jand ofithe numberlofl]different I8 digit I(CN
nomendature) producsexported (column({(3)) by ad firm[infond year[(t1)[indicates the explanatory
variable hasl beenllagged[ by bnd year. Logf (x)lis the logarithmlof variabld k. The lcredit rating{ s core,
oonstru ctedfor eachlyear andleachl firm[by Cofacd tanges from[ B tol19.[Log{ (empl.)[s thelogarithm[of
employment,/and makes[it possible tol control for the iz of firms. TFP Levi Petlis[a measurd of Total

FactorProductivity calalatedlaccordingltolLevinsohnland Petrin's[(2003)method.

These results clearly establish the relationship that exists between credit constraints and
exporting behaviour, even once productivity and size are controlled for. They confirm the
equilibrium relationship identified in the model holds empirically. The next section aims at
improving these results by analysing the interactions through time.

4.2 The effects of credit constraints over time
4.2.1 Becoming an exporter

In order to assess the importance of credit constraints in the decision to start exporting,
Table 8 reports the effects of lagged firm characteristics on the probability of being a new
exporter. New exporters are defined as firms that have not exported in any of the three
previous years of the sample. Firms that export throughout the sample are excluded, as are
those observations for new exporters in subsequent years. The alternative to being a new
exporter is a firm that does not export that year. A linear probability estimator with year
and firm fixed effects is used to estimate the probability of starting to export, with TFP
and employment as explanatory variables. Productivity affects positively the probability of
becoming an exporter the following year. When including the lagged score as a measure of
credit constraints, its effect is insignificantly positive, and the coefficients on the other two
variables are unchanged.
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Table 8: New exporters

(1) @
Dependentl variable: 0/1MDummy 0/1MDummy
newleéxporter newléxporter
Log[(Scorel(t 1)) 0.003
(0.004)
Log (TFP LeviPet(t 1)) 0.010* 0.010**
(0.004) (0.004)
Log (Employment (t 1)) 0.024** 0.024**
(0.004) (0.004)
Observations 25757 25757
Risquared 0.02 0.02
Firm[fixed effects YES YES
Yearlfixedléffects YES YES

Notes: Fixedleffectl OLS tegressions[ (“Within” estimator). The dataset/isaninbalanced panel 6f Belgian
manufacturing firms'from[the BBSTTDRwvith[ Cofacels co relavailable forleach[yead they filelin[a balance
sheetlover thd periodlandlin cludesian"hverage o f 8,926 firms[perlyear in[99 threeldigit sectorsloverlthe
period1999Cto[2005. Robustlstandardlerrorslinlparentheses; [ denotesstatistical significan e at the10%
level; ¥ denotes| statistical $ignifican celat th d 5% level ¥* denotes $tatisticall significan cd atl the 1%[level.
Indudeslconstant and 3l digitsecto t andlyear dummies,/not teported [Th e dep endent variabld islaldummy
indicatingl whether the firm[is[a hewl exporter of hot in[that jear[ Being A hew! exporter is'defined hs a
firm[that'did hot éxportlinfany ofl the three previousyearsiinthd sampldand didlexport thatlyear. Firms
thatlexportlevery yeatin[thd sample ared d ropped. Firms that'werd newlexporterslinlal previous yearlare
dropped.[{t-1)[indicates the explanatory ¥rariablerhasibeenllaggedl by oneyear. Log (x)ls thellogarithm[of
variable%.[Thel credit tating[ s co re,l constru cted for each[year andleachlfirm[by Cofacd ranges from[ B to
19.TFP[Levi Petlisldlmeasurd o fl Total FactorProductivity.measured accordinglto Levinsohnldnd Petrin's

(2003)[method.[Tog (Employment)is the Togarithmlof émployment, and makeslit possibleto control for

the sizelofl firms.

One potential explanation for this result is that firms that have never exported and start
exporting do not use external credit to overcome the fixed cost of exporting to their first
destination. They will rely instead on internal liquidity, corresponding to the exogenous
liquidity shock in the theoretical model. It may also be the case that Belgium being an
open and small country, starting to export close to its borders is not very costly for firms,
compared to the fixed cost of expanding to markets further away. This is why the next section
concentrates on export destinations.

4.2.2 Extensive and intensive margin for destinations

Having considered the decision on starting to export, the effect of credit constraints on the
decision to export to more destinations is now examined. This is the extensive margin of
exports to a given destination. According to the theoretical model, credit constraints should
matter for the decision of existing exporters to start exporting to a new country. It should not,
however, affect the value of exports per destination or its subsequent increases, namely the
intensive margin. Adopting a linear probability specification, the probability of an exporter
increasing the number of countries it serves is positively affected by size, productivity and
a higher score (and hence weaker credit constraints). Once firm fixed effects are controlled
for, as reported in the first column of Table 9, only the coefficient on the score remains
significantly positive. When compared to the results presented in the previous section, this
would suggest that credit constraints are more important in determining the increase in
the number of destinations served than in explaining the decision to start exporting. The
table also reports in the OLS regression of the second column that the actual increase in
the number of destinations served relative to the previous year is also positively related to
creditworthiness. Turning to the intensive margin of trade to a given destination, it appears in
the third column of Table 9 that credit constraints have no effect on the increase in the value
of exports to a given destination, as the coefficient on the lagged Coface score is insignificant.
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This is consistent with the results of the model, as credit constraints affect the ability of firms
to cover the fixed cost of exporting to an additional destination. Once the fixed cost has been
borne, the amount exported to that destination is not dependent on the availability of credit.

The negative coefficients on productivity and employment when firm fixed effects are
included, though not very significant in the first column, are surprising. They could reflect
the fact that it is the smallest and less productive exporters that expand their number of
destinations and value per destination most, while other more successful exporters are already
well established in the different countries they serve.

Table 9: The extensive and intensive margins per destination

Increaseinfnumbed of destinations
Increasdin
Dependent Variable: 0/1 Dummy Increasdin/Log logarithm{ofmean
nolincrease/ (Numberof valudp ef’d estination
increase destinations(served)
Q) @ ©)
Logf (Scorel(t 1)) 0.038* 0.037** 0.034
(0.017) (0.014) (0.028)
Log (TFP LeviPetl(t 1)) [0.006 [0.022* [0.091**
(0.012) (0.010) (0.021)
Log (Employment)[(t1) [0.035+ [0.037+ [0.116%*
(0.020) (0.021) (0.039)
Obsetvations 20097 19835 20097
Numbetdoffirms 4889 4827 4889
Risquared 0.01 0.01 0.01
Firm[fixedle ffects YES YES YES
Y earfixedldffects YES YES YES

Notes:[Lineat Probability {columnl(1))landlOLS{columns(2) and[(3)) fegressionswith{firm[fixed
effect (“Within”Lestimator) [ The datasetl is_an unbalan ced panel of Belgian'manufacturingf firms
from[thed BBSTTD[Rwith[Co face s cord available[ b1 eachl year th eyl file'in W balan cd sheet overlthe
periodlandlindudes anhverage ofl 8,926 firms[ per year in 99 threel digit sectors bver the period
199940[2005. Onlyt dbservationslinwhidhlth e firmlislexporting arelkept/Robustistandardl errorslin
parentheses; # denotes statistical significan ce atl th & 10%[levelf ¥ denotesl $tatistical significan ce at
the 5% Jlevel{ **Idenotes Istatistical significan cd Jat ithe 11%[ Tevel. Indudes JoonstantJand year
dummies, hot teported [ The first column's.dependent variable isla’dummy equal to 0if the firm
didInot increase lthe inumbet of ldestinationJit lexportslitd lrelativel Jtollthd Iprevious[lyeatr. IThe
dependent variable for olumnltwolis thd increas inlthe logarithmlof the number of destinations
relativel tol thd previous year. Th d first year & firm[starts éxpo rting/isl dropped from[the sample. In
columnl(3),Jthe ldependent variablelis lthe Jin creasd linl ithd llogarithmofl thd Imeanl Jvalud Jper
destination. Thislmean[¥aluelis per firm [ped year, howlmud/ {(in[Euros)lit exportsionlaverage to
cachlof itsd estinations.[(t-1)[indicates[thel explanatory variable has[been(lagged( byl one year. Log
indicates[ thd logarithm[ 6 fl thd Variable has beenluised. Thel eredit rating| $ core, onstru cted[for each
yeatl andeach firm[ byl Coface ranges from B tol19. TFPLevi PetlisCal measurebf Total Factor
Produ ctivity' measured according to Levinsohnland[Petrin's[(2003)[m ethod. Log (Employment) is
thelogarithmlof employment, dnd makes[it possible'to control for thelsizeloflfirms.

4.3 Pecking order of trade

Proposition 3 shows how firms will follow a pecking order of trade when adding export
destinations to their portfolio: more productive firms will export to more destinations, as
shown above, and to smaller markets (weighted by the trade cost). This result holds in the
data, as presented in Table 10. The trade cost weighted market size of each country in each
year of the sample is constructed as the Gross Domestic Product!?, divided by a measure of
distance from Belgium. GDP is taken as a proxy for L*, the market size in the model, as it
represents the market potential of a country. Distance is taken as a measure of trade costs, as

12The data used is that of the US Census Bureau International Database (www.census.org).
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it will be more costly for firms to ship goods to markets that are further away. Following Head
and Mayer (2002) and Mayer and Zignano (2006), the distance is weighted by the geographic
distribution within the country. This is measured by the share of the main city’s population
in the country’s population and will reflect the trade cost of reaching the consumers around
the country. For a given GDP, the further the country, the smaller its trade cost weighted
market size. Similarly, between two equidistant markets, the larger in terms of GDP will be
of a bigger size. For each firm in each year, the smallest market it exports to is selected, as
an indicator of how far down the pecking order a firm is situated. The logarithm of the trade
cost weighted market size of that country is the dependent variable. The first specification
in Table 10, an OLS regression with sector and year fixed effect shows how more productive
firms export to smaller countries. The second column shows this result is robust to including
financial constraints: less credit-constrained firms will go further down the pecking order of
trade. When introducing firm fixed effects in the third column, the effects of productivity
and credit constraints are no longer significant, yet this is probably due to firms not varying
strongly from year to year the furthest market they manage to reach.

These results confirm that the equilibrium relationship between productivity, credit con-
straints and market potentials of destinations identified in Proposition 3 of the model holds
in the data.

Table 10: Market size, productivity and credit constraints

Log(GDP/Weighted Distan ce) [df $mallest d estination
M @) ©)
Logf (Scorel(t 1)) [0.102* [0.044
(0.051) (0.050)
Log (TFP Levi Petl(t 1)) [0.494** [0.483** [0.033
(0.035) (0.030) (0.040)
Log (Employment)[(t1) [0.603** [0.600%* [0.523%*
(0.019) (0.019) (0.066)
Observations 20026 20026 20026
Risquared 0.26 0.26 0.01
Numbef of firms 4882
Firm[fixedlé ffects NO NO YES
Sectot fixedl effects YES YES NO
Yearlfixedldffects YES YES YES

Notes:{OLS[ regressions, withl firm[ fixedl effect (“Within” estimator)[ for thd third $pecificationlin
columnl(3). Theldatas etlislanfinbalan cedp anel o f B elgian[manufacturing firm stfrom[the BBSTTD
withlCofacds cordavailabld o 1 éach[year theyt filelinldlbalan celsheetldver thelperiod andin dudesian
average ofl 8,9260 Ifirms[ per year in 99 thred digitl sectorslover the period 1999 to[ 2005.Only
observationslin[whichl thel firm[is exportingl are kept. Robust standardl errorslinl parentheses; #
denotesl $tatistical $ignifican cd at the 10%l[level; ¥ denotesl statistical significan cd atl the 5%l level ¥*
denoteslstatisti cal Significan celdt th e1%level. In dudes tonstant andlyearlandlsecto idummies,[fot
reported.['The dependentl variable for all thred regressionslisl the logarithmlof thd GDP distance
ratio,[wherd the distan ce islweightedaccording[ to the share bf thd mainldty’sl populationlinlthe
country’sitotal population. (t1)[indicates/the éxplanatory variablelhas/beenTaggedbyiond year. Log
indicates[thd logarithm{of thd Variabld has beenlised. The ¢redit fating{ s core, onstru cted(for each
yeat andleachl firm[ by Cofacd ranges from[ B tol19..TFP Levl Pet isl d measurd bf Total Factor
Produ ctivity. measuredlacco rding{ tol Levinsohnland[Pettin's (2003)[m ethod. Tog (Employment)is
theTogarithmlofléemployment,dnd makes[itlpossibleltol control forlthesize oflfirms. Source!GDP
from[US CensusBureauInternational D ata, Weighted/distan cd from CEPII.

5 Conclusion

In this paper, it has been shown that credit constraints do matter for export patterns. Using
a very precise and complete dataset on export transactions at the firm level for the Belgian
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manufacturing sector, it is combined with an unusual and very useful yearly measure of credit
constraints faced by firms, a creditworthiness score constructed independently by a credit
insurer. These make it possible to examine the relationship between credit constraints and
exports in a novel way. The main prediction of the model is that some firms could profitably
export but are prevented from doing so by a lack of liquidity which stops them from reaching
foreign markets. This is reflected in the data, where it is shown that firms are more likely to
be exporting if they enjoy higher productivity levels and lower credit constraints. The second
prediction of the model is that credit constraints are important in determining the extensive
margin of trade in terms of destinations, that is the number of destinations a firm exports
to and the decision of a firm to export to a new destination. The intensive margin of trade
in that dimension, the average exports of a firm to the destinations it serves, should not be
affected by credit constraints. This equilibrium derived from the model also holds in the data.
Third, as derived in the model, firms follow a pecking order of trade, where more productive
and less credit-constrained firms reach markets of smaller trade cost weighted market size.

These results confirm the link between credit constraints and export patterns. They also
highlight the potential role of institutions in determining, through their policies on credit
constraints, the patterns of trade and hence the productivity levels and gains of productivity,
and the overall welfare. As credit constraints matter, they establish a connection between
the number of markets served by a firm and the growth of its exports, as additional liquidity
obtained on one market may enable another one to be entered. Examining the dynamics of
firm-level exports and how they relate to liquidity and productivity is an exciting area for
future research.
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A Proof of Proposition 1

Proposition 1 (repeated): If % (=N (1—ts)Ca+-Cf

> IW there is

I—0o w
—o (wW*\7 = _ h(cd)
ATt ( w ) Cd+(1 )\)<h(03)> Cd
a non-empty set of liquidity-constrained firms that are prevented from profitably exporting
because they have insufficient liquidity, both exogenously and on the external financial market.

Proof. All firms above Ty are productive enough to profitably export. Firms whose lig-
uidity is lower than Z(A) are not able to export, even if they could profitably do so, be-

cause they do not have sufficient liquidity to cover the fixed cost of exporting. Suppose
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(A,z) € Qiif T < 2 < Z(A). Firms in Q are prevented from exporting because they are
liquidity-constrained, despite being able to profitably do so. Z(0) > T is a necessary and

sufficient condition for € to be non-empty. Given equations (20) and (21), this will hold if

o—1

* 1-X)(1—t5)Cat+“C . .
% (=N Ata)Cat 7 Oy 1 > =%. Then ) is non-empty, and there are indeed

¢ —o
tsyec )

firms that are hquldlty—constrained. [

B Proof of Proposition 3

Proposition 3 (recalled): Firms will add export destinations in decreasing order of trade
cost weighted market size, Tf—l More productive firms will export to more destinations, but
also to relatively smaller markets.

Proof. By earning higher revenues on a larger market, lower-productivity firms can export

to larger markets. Yet, the higher the iceberg cost of exporting to that destination, the lower
the revenues on that market. Hence the productivity cut-off is lower for a larger trade cost

weighted market: ax"( ) <. Besides, the relative ordering of countries with respect to the
+o—1

productivity threshold of firms exporting there remains the same. Therefore, a firm that
increases the number of destinations it serves from n to (n + 1) will still export to the n
largest (trade cost weighted) markets and add the next largest (trade cost weighted) market
to its portfolio of trade partners. m

C Proof of Proposition 4(3)

9z(4)
8”&1

Proof. Given Z(A) as in equation 21, the sign of depends on whether the following

expression holds:

Tyt L, G (N0t Gt 0~ (29

Cy 1 w*\7 h(Ca) e
Arl—o (?) Ci+(1-X) w(C3) Cy

d

w*

_ c* . .
(=24 — C—j > 0, and assuming there is a non-empty

o * h(cd)
Arl—o(wt ) Cxt(1— A)(h(cé) Cq
set of liquidity constrained potential exporters such that the condition from Proposition 4.1
holds, then inequality will hold if:

Tw\o-1 1 Tw\o—1
(&) 3> (&)

w* Ao w*
As o > 1 and the condition of Proposition 4.1 also implies that A < 1, then the inequality of
equation (25) holds and ‘%(A) >0. m

Given that
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