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Abstract

This paper highlights that substitution between two types of finance represents an additional
channel of adjustment to credit shocks and trade liberalization. Combining firm heterogeneity
a la Melitz (2003) with credit frictions based on Holmstrom and Tirole (1997), there is selection
of the largest firms into exporting and unmonitored finance, such as public debt or corporate
bonds. Smaller producers serve only the domestic market and have to rely on more expensive
financial intermediation. The model is consistent with empirical evidence that documents the
important role of substitution effects between different sources of external credit. Producers
respond to financial shocks by switching the type of finance. These selection effects lead
to reallocations of market shares across firms and additional adjustments on the margins of
international trade. Furthermore, the model highlights a new source of gains from trade:
average productivity increases as falling trade costs allow some exporters to select into cheaper
unmonitored finance.
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1 Introduction

Firms rely on outside investors to finance trade related production costs and up-front in-
vestments. Empirical evidence shows that credit constraints negatively affect both intensive
and extensive margins of international trade (Berman and Héricourt, 2010; Minetti and
Zhu, 2011; Manova, 2013; Muls, 2015). To explain these effects, theoretical models combine
firm-level heterogeneity a la Melitz (2003) with financial frictions (Chaney, 2013; Manova,
2013; Feenstra et al., 2014). These papers stress that credit constraints prevent smaller firms
from exporting and restrict foreign sales below the optimal level. Trade models with firm
heterogeneity and financial frictions typically rely on one source of external debt. The corpo-
rate finance literature, however, shows that firm size is an important determinant of access
to different types of external credit. Large firms are more likely to use cheap finance pro-
vided with low-intensity monitoring, such as the issuance of public debt or corporate bonds.!
Smaller producers suffer more from credit-rationing (Rajan and Zingales, 1995; Beck et al.,
2006), and rely heavily on bank finance with intensive monitoring and higher borrowing rates
(Cantillo and Wright, 2000; Denis and Mihov, 2003).

This paper develops an international trade model that accounts for the selection of producers
into exporting and two types of finance. Combining productivity sorting a la Melitz (2003)
with credit frictions based on Holmstrom and Tirole (1997), the largest firms export and use
unmonitored finance. Smaller producers serve only the domestic market and have to rely
on more expensive bank finance. Selection effects depend on trade costs, borrowing rates
and access barriers to external funds due to credit frictions. This model highlights that
firms respond to financial shocks and trade liberalization by switching the type of finance.
Accounting for these selection effects is important for any assessment of welfare implications.
The main message of this paper is that substitution between the two types of finance leads to
a reallocation of market shares across producers and new effects on the margins of interna-
tional trade. The model is consistent with empirical evidence that documents the important
role of substitution effects. Credit tightening leads to large adverse impacts on small, bank-
dependent firms, and induces selection into other types of external debt (Kashyap et al.,
1993; Faulkender and Petersen, 2006; Leary, 2009). During the financial crisis of 2008-2009,

producers responded to contraction in credit supply by switching to public bonds and trade

'In the U.S., the percentage of long-term debt held in publicly traded instruments is 32% among larger
firms and 14% for smaller producers (Cantillo and Wright, 2000). In Spanish non-financial companies, public
debt amounts to 10% (de Miguel and Pindado, 2001), and among publicly traded U.S. firms, it represents
almost 50% of new debt issues (Denis and Mihov, 2003).

2Empirical studies suggest additional firm characteristics that are positively related to direct lending with
limited monitoring, such as project quality, profitability, collateral, age and credit reputation (see Cantillo
and Wright, 2000; Denis and Mihov, 2003; Becker and Ivashina, 2014).



credit.®> Furthermore, the model highlights a new source of gains from trade: the average
productivity within an industry increases as falling trade costs allow some exporters to select
into cheaper unmonitored finance.

To analyze the role of these selection effects, this paper extends a Melitz (2003)- type model
by endogenous investments and credit frictions. Heterogeneous firms decide on innovations
that reduce marginal production costs, but have to be financed externally. This assumption
is based on a large literature that shows the important role of external finance for innovation
activity (Hall and Lerner, 2010; Maskus et al., 2012; Gorodnichenko and Schnitzer, 2013).
Credit frictions emerge from moral hazard based on Holmstrom and Tirole (1997). Following
this, the success of investments depends on a managerial project choice which is non-verifiable
for external lenders and thus prone to moral hazard. This agency problem reduces the
pledgeability of firm profits and introduces access barriers to credit.

The key feature of the model is to allow for two types of external finance that differ in credit
costs and accessibility. Passive lenders provide funds without monitoring, whereas financial
intermediaries are able to imperfectly control the project choice within firms. On the one
hand, access barriers to monitored funds are lower as financial intermediation alleviates
moral hazard. On the other hand, monitoring is associated with additional costs, resulting
in higher borrowing rates relative to unmonitored finance. This approach is consistent with
empirical evidence that shows the important role of banks in reducing agency costs.* The
selection mechanism stressed in this paper is different from models with technology choice,
in which the payment of additional fixed costs reduces marginal production costs (Lileeva
and Trefler, 2010; Bustos, 2011). Unmonitored finance is associated with a lower borrowing
rate, both for fixed and endogenous investments, but credit frictions impose an access barrier
for smaller firms with low pledgeable income.?

The framework nests a model with one type of finance as a special case, which allows to
disentangle direct effects of shocks from substitution effects. Thus, the model features intra-
industry reallocation and common gains from trade liberalization (Melitz, 2003), as well as
negative effects of credit frictions as stressed in the existing literature (Manova, 2013; Muiils,
2015). However, new welfare implications arise because firms switch the type of finance.
These additional selection effects change the degree of competition in general equilibrium
and thus influence the margins of international trade. Compared to a model with only

one type of credit, lower financial development leads to additional welfare losses because

3See Adrian et al. (2012), Becker and Ivashina (2014), and Barraza et al. (2014) for evidence on substi-
tution into public bonds among U.S. firms, as well as Iyer et al. (2014) for Portugal. Carbd-Valverde et al.
(2012) and Coulibaly et al. (2013) document substitution into trade credit.

4See Gorton and Winton (2003) and Tirole (2006), chapter 2 for a review of related literature.

5See also the following discussion of related literature.



firms select into more expensive financial intermediation. While this shock aggravates moral
hazard and increases access barriers to both types of finance, monitoring of intermediaries
reduces the negative impact compared to unmonitored funds. Hence, there is selection into
financial intermediation and a reallocation of market shares away from firms that rely on
passive investors. As now a larger fraction of producers faces higher borrowing rates, the
competitive pressure in general equilibrium is reduced. This selection effect mitigates the
negative reaction at the extensive margin, but amplifies welfare losses due to lower average
productivity.

Likewise, additional gains from trade liberalization arise because of selection effects. Falling
trade costs increase the pledgeable income of exporters and facilitate access to cheaper un-
monitored funds. This leads to two new adjustments that further increase average produc-
tivity compared to a model with only one type of credit. First, some exporters gain access to
cheaper unmonitored finance and reduce prices. Second, increased competitive pressure leads

to even stronger exit of low productivity firms that rely on more expensive bank finance.

Related literature This paper is related to three distinct strands of literature. First, the
notion of capital market imperfections with two sources of external finance builds on Holm-
strom and Tirole (1997), whereas financial intermediation alleviates credit frictions emerging
from moral hazard. Alternative theories of banking stress advantages of financial interme-
diaries compared to direct lenders in presence of information asymmetries. Accordingly,
banks may act as screeners regarding project choice ex ante (Diamond, 1991; Besanko and
Kanatas, 1993), conduct costly monitoring in case of unknown output realizations ex-post
(Diamond, 1984), or take the role of reorganizers with respect to ex-post bargaining (Rajan,
1992; Bolton and Scharfstein, 1996).

A second strand of literature analyzes the selection of heterogeneous firms in segmented
capital markets. Russ and Valderrama (2012) introduce bond and bank finance in a closed-
economy version of Ghironi and Melitz (2005) and suggest a selection pattern that is con-
sistent with this model. Large and more productive firms select into bond finance with
higher fixed costs, but lower variable costs, whereas smaller producers rely on financial in-
termediation. Russ and Valderrama (2010) extend this framework to a small open economy.
In both papers, financial choice is analogous to technology adoption in Bustos (2011). In
contrast, the selection pattern of firms in this model is not only driven by profitability, but
rather moral hazard introduces access barriers to external funds. Unmonitored finance is
associated with lower borrowing costs, but smaller firms fail to overcome agency problems
in presence of credit frictions. Financial intermediaries reduce access barriers to finance for

low productivity firms, but charge higher interest rates both for fixed and endogenous in-



vestments. Egger and Keuschnigg (2015) analyze external financing of fixed R&D spending
by venture capital and bank credit in a multicountry model of trade. The authors show
the important role of venture capitalists in financing early-stage investments, especially for
firms with little pledgeable earnings and high risk. A common feature to this paper is that
moral hazard based on Holmstrom and Tirole (1997) leads to credit frictions and monitor-
ing facilitates access to finance. However, the focus of this model is quite different. Egger
and Keuschnigg (2015) analyze the effects of financial frictions on a two-stage investment
decision with heterogeneity in project quality and additional production risk. This paper
considers external financing of endogenous sunk costs for process innovations in a Melitz-
type model with productivity differences, and shows how substitution effects between two
types of finance change aggregate responses to financial shocks and trade liberalization.
Furthermore, Schmidt-Eisenlohr (2013) develops a model of payment contract choice in in-
ternational trade and differentiates between exporter and importer finance, as well as bank
finance, but abstracts from firm heterogeneity. Related papers are Eck et al. (2015), as
well as Engemann et al. (2014), who show both theoretically and empirically the positive
impact of trade credit on the probability to export, especially for lower productivity firms.
The authors stress that supplier credits alleviate financial constraints due to information
asymmetry and reduce uncertainty related to international transactions.

Third, this paper is related to a growing literature that incorporates financial frictions in
international trade models, but neglects different sources of external finance. Manova (2013)
shows that credit constraints intensify the selection of the most productive firms into ex-
port markets. Feenstra et al. (2014) introduce financial frictions, caused by information
asymmetry between firms and a monopolistic bank, whereas the latter cannot observe the
productivity of the former. Instead, I assume symmetric information regarding firm-specific
productivity, but moral hazard introduces credit market imperfections. Felbermayr and
Spiegel (2014) analyze the role of credit frictions in a dynamic model of trade and finance.
Other papers extend the model of Melitz and Ottaviano (2008) with varying markups by
credit constraints (Mayneris, 2011; Egger and Seidel, 2012; Peters and Schnitzer, 2015).
Building on Holmstrom and Tirole (1997) as well, theoretical work analyzes the effects of
credit frictions on industry agglomeration in a Krugman (1991) model (Ehrlich and Seidel,
2013) and on foreign direct investment (Antras et al., 2009; Buch et al., 2010, 2014).

The paper is organized as follows. Section 2 presents the model setup and discusses the
selection of producers into credit and export markets. The following two sections analyze
the effects of financial shocks in partial and general equilibrium respectively. Section 5
presents effects of trade liberalization. Section 6 discusses assumptions as well as extensions

of the theoretical framework, and finally, section 7 concludes.



2 Firm heterogeneity and access to external finance

This section introduces credit frictions and endogenous innovations in a heterogeneous firm
model & la Melitz (2003). Firms differ in marginal production costs, decide on the optimal
level of productivity enhancing investments, and require external funds to cover fixed and
endogenous sunk costs for innovation activity. This assumption can be motivated by a time
lag between investment outlays and the realization of sales. Based on Holmstrom and Tirole
(1997), credit frictions emerge from moral hazard regarding the project choice of managers
within firms. The following subsection presents the demand side of the model. Subsection
2.2 introduces two types of outside lenders and discusses optimal firm behavior with credit

constraints. Subsection 2.3 shows how firms select into external finance and exporting.

2.1 Demand side

There are two symmetric countries with population of size L, trading in horizontally differen-
tiated varieties. Labor is the only factor of production and is immobile across countries.® A
representative consumer in one country derives utility from the consumption of a continuum

of varieties, indexed by ¢ € (), according to the following CES function:

PR
X:{/ xi"dz} , (1)
icQ

whereas o > 1 is the constant elasticity of substitution and €2 is the set of varieties. Demand

for one particular variety ¢ is given by:

e (m)” »

and the aggregate price index is defined as follows:

The following subsection describes the maximization problem of firms in the presence of

credit constraints and two sources of external finance.

6Section 6 discusses how the model can be extended to capital as a second input factor.



2.2 Optimal firm behavior under credit constraints

The productivity of a firm is determined by two components. As in Melitz (2003), each firm
manufactures one horizontally differentiated variety ¢ and draws a productivity parameter ¢,
from a common probability distribution g (¢).” Additionally, producers choose the optimal
level of productivity enhancing investments e;. Hence, marginal production costs are given

by mc; (¢;) = —=. Investments are associated with endogenous sunk costs that increase in
v Pi€i

the innovation level: .
f(e) =—e, witha >0 —1, (4)
o

whereas « is a technology cost parameter that is the same across firms. Motivated by
a time lag between investment outlays and profit realization, fixed and endogenous sunk
costs associated with innovation activity have to be financed by external funds. Based on
Holmstrom and Tirole (1997), credit frictions emerge from moral hazard between outside
lenders and borrowing firms. There are two types of investors in the economy: passive
lenders and financial intermediaries that are able to imperfectly monitor firms, denoted by
the indices v and m in what follows. Each producer signs a credit contract with an outside
lender, which defines the loan size d; > 0, at a gross interest rate 7; > 1, and the credit
repayment kj;, whereas j € m,u denotes the source of external finance and [ € d,z is an
index for the export status. The maximization problem of a producer can be described as

follows, where asterisks stand for variables of export activity:®

1
e = A= 2 (ot o) b .
PN (B
st o= X(F) 5 e=X (??) 7 (6)
1
Ak:jl Z Tjdjl s (8)
Aty > 0. (9)

Depending on the source of external finance j and the export status [/, firms maximize
revenues net of variable production costs and loan repayment kj;, whereas the variable 1,-~0y

takes a value of one if the firm exports and is zero otherwise. Total sales from domestic and
it
success probability A. The next subsection introduces moral hazard and shows that this

international activity are defined as sj; = puxj + l{z+>0pj;x};. Firms realize profits with

"Section 4 presents the general equilibrium and assumes that productivity follows a Pareto distribution.
8For notational simplicity I drop the firm’s index i in what follows.



success probability depends on a non-verifiable project choice of the firm. Exporting involves
additional fixed costs (f; > f4) and iceberg-type transportation costs such that 7 > 1 units
of a good have to be shipped for one unit to arrive. According to the budget constraint (7),
the received credit amount has to cover fixed costs of production, as well as endogenous sunk
costs for innovation. Internationally active firms have to raise additional external funds for
fixed export costs. Investors only participate in a contract if expected loan repayments at
least compensate for credit provision (8). Additionally, the firm will be active in the market
if expected profits are non-negative (9). The solution to the firm’s maximization problem

provides the optimal investment level:*

c—1 PR MNA;0° L ST
ejl«o):( ) (L) | (10)

ag Tj

Equation (10) shows that process innovations decrease in probability-weighted borrowing
costs %, but increase in productivity ¢ and the market size, denoted by A; = X P” and A, =
X P (1+ 7179) for domestic sellers and exporters respectively. Optimal prices are set as a
constant markup over marginal production costs which decrease in exogenous productivity

and endogenous innovation activity, whereas p}, denotes the export price:

o 1

() = T (). 11
U_weﬂ,pﬂ(w) TPjo () (11)

pji () =

Firms that face higher borrowing costs choose lower investment levels and hence set higher

prices resulting in lower expected profits:

a—o+1
i) = TASﬂ (o) = firj (12)

whereas sales can be expressed as follows:

o—1

—a o—1\"* Ap® oot
s(9) = AT (( = ) . (13)
J

The borrowing rate will be higher for firms that rely on financial intermediation (r,, > r,).

The following subsection introduces moral hazard which motivates credit frictions and the

difference in financing costs for unmonitored and monitored funds.

9See Appendix 8.1 for a detailed derivation of the firm’s maximization problem.



2.3 Moral hazard and selection of firms

Based on Holmstrom and Tirole (1997), financial imperfections originate from moral hazard
within the firm. This leads to credit frictions and the selection of producers into two different
types of external finance. Consider first the problem of firms that use unmonitored finance
(j = u). After the credit contract has been signed and the loan has been provided to the firm,
the success of investments depends on a project choice of the firm manager. This action is by
assumption non-verifiable for external investors and thus prone to moral hazard. Following
Holmstrom and Tirole (1997), the manager can decide to behave diligently or to misbehave
resulting in high or low success probabilities: A > \,. In case of shirking, the manager reaps
a non-verifiable private benefit that is proportional to the fixed investment bf; > 0. Thus,

agents only behave diligently if the following incentive compatibility constraint is satisfied:

Ay (©) > Xemur () + 0fr. (14)

As profits increase in ¢, high productivity firms have no incentive to shirk. However, man-
agers of lower productivity firms might prefer to choose the bad project and reap private
benefits if the expected profits of diligent behavior are not sufficiently high. The assumption
that private benefits b are proportional to fixed costs introduces access barriers to external
finance beyond profitability requirements.!® Hence, exporters face a trade-off between ad-
ditional profits from international activity in case of diligent behavior and the prospect of
higher perks in case of misbehavior. Furthermore, I assume that the net present value of
the marginal firm that just meets incentive compatibility (14) is negative in case of shirk-
ing. This assumption is satisfied whenever the success probability ), is sufficiently low.!!
In this case, investors have to ensure that a credit contract satisfies condition (14) to avoid
losses from lending. As in Holmstrom and Tirole (1997), I introduce a second investor type
that is able to imperfectly monitor firms, which reduces the private benefit to mb, where
0 < m < 1. Thus, monitoring effort mitigates the problem of moral hazard, but comes
at additional costs, ¢, > 1, leading to a higher borrowing rate of financial intermediation:

Tm = CmTy > Ty. Incentive compatibility in case of monitored finance is given by:

>\7Tml (SO) > )\bﬂ'ml (90) + mbfl (15)

Incentive compatibility conditions (14) and (15) are more restrictive than zero-profit require-

ments (9) as long as private benefits are positive, even after monitoring: mb > 0. Hence,

10See Section 6 for a further discussion of the moral hazard approach and possible extensions.
1See Ehrlich and Seidel (2013) as well as Egger and Keuschnigg (2015) for a similar discussion of moral
hazard with heterogeneous firms.



the incentive constraints impose access barriers to unmonitored and monitored funds re-
spectively, and describe the selection of firms into external finance. Since profits (12) are a
function of productivity ¢, the binding equations (14) and (15) determine minimum produc-
tivity levels that are necessary to obtain outside finance. Some low productivity firms meet
the zero-profit condition (9) and hence would find it profitable to be active in the market.
However, moral hazard prevents access to finance and a range of profitable projects is not
conducted in the presence of credit frictions. Depending on export status and the type of
finance, incentive compatibility (14) or (15) leads to the following cutoff productivities for

access to external funds:

1+a 1 a—oc+1
o « T’j)a Q(O'T/)jfj a(c—1) Acr%ll
vl (0—1) <)\ (a—a—i—l Lo (16)

where 1, = bm + 5 and ¥, = % + 5, with AN = X — X\, are measures of access barriers

to external ﬁnance that consist of probability-weighted borrowing costs and agency costs
due to moral hazard. Consider first how exporters select into unmonitored and monitored
finance (I = ). Comparing cutoff productivities for both types of funds (16) shows that the
entry barrier to unmonitored lending is relatively higher if the following condition holds:

Condition 1 ¢, > ¢,.. if co aoh ﬁm < 1.

Condition 1 compares the two sources of finance and is independent of export status. On
the one hand, monitored lending reduces moral hazard and facilitates access to finance. The
lower private benefit (mb) eases the restriction imposed by incentive compatibility (15). On
the other hand, monitoring activity is associated with additional costs which reduces profits
(12) and makes it more difficult to satisfy incentive compatibility compared to unmonitored
finance. Condition 1 states that access to monitored finance is relatively easier if the benefit

of financial intermediation (reduced moral hazard) outweighs additional borrowing costs.

Lemma 1 If Condition 1 holds, the most productive exporters with ¢ > @, use unmonitored
finance. International firms in the middle range of the distribution (¢,,, < ¢ < ¥,.) have
to rely on more expensive financial intermediation, while lower productivity firms (p < ©,,.)

cannot raise external finance for export activity and sell only domestically.

Figure 1 depicts the selection pattern of exporters if Condition 1 holds, whereas productivity
 is measured on the horizontal axis and profits are shown on the vertical axis. As financial
intermediation is associated with higher interest rate payments for fixed costs and endogenous

investments, the intercept as well as the slope of the profit line 7,,, is lower compared to the



use of unmonitored finance. Thus, in the absence of credit frictions, unmonitored finance
is always preferred to the more expensive type of credit. However, moral hazard leads to
credit rationing and the selection of firms into both types of finance. The access barriers
to external funds are depicted as horizontal lines in Figure 1. Passive investors are only
willing to provide loans to the most productive exporters with ¢ > ¢,,.. Producers in the
intermediate range of the distribution are not able to overcome moral hazard and rely on
more costly financial intermediation with lower entry barrier.

Condition 1 is violated if monitoring effectiveness is very low or monitoring costs are pro-
hibitively high. Lower monitoring effectiveness corresponds to an upward shift of the hor-
izontal access line (see Figure 2), whereas higher monitoring costs are reflected by a lower
intercept and a smaller slope of the profit line m,,, (see Figure 3). In both cases, financial
intermediaries fail to facilitate access to external finance compared to passive lenders and no
firm will choose the more expensive type of credit. In the following, I assume that Condition
1 is satisfied and hence both types of finance occur in equilibrium, as illustrated in Figure
1. Compared to previous international trade models with financial imperfections, credit
tightening induces exporters to substitute between the two sources of external finance. The

following section shows how exporters react to financial shocks in partial equilibrium.

3 Effects of credit tightening in partial equilibrium

This section analyzes how financial conditions affect optimal firm behavior and the selection
pattern of producers. An increase in the private benefit b can be interpreted as a worsening
of financial development. In this case, a larger incentive to misbehave weakens the enforce-
ment of credit contracts and reduces the pledgeability of profits in conditions (14) and (15).
Consequently, this shock raises the cutoff productivities for access to both types of external
finance (16), and is illustrated by an upward shift of marginal-access lines in Figure 4. A
decrease in monitoring effectiveness (larger m) aggravates access to financial intermediation.
Hence, both shocks affect access barriers to external finance without changing innovation
activity (10) and firm profits (12) in partial equilibrium.'? Instead, if the borrowing rate r,
increases, profit lines in Figure 5 shift downwards and become flatter, as firms face higher
costs for fixed and endogenous investments, and thus reduce innovation activity. Comparable
to increases in b and m, this results in higher cutoff productivities.

Producers are affected very differently by worsening credit conditions, depending on their

location along the productivity distribution. Firms in region A of Figures 4 and 5 stop

12In general equilibrium, financial shocks change the competitive pressure and firm profits through the
impact on the aggregate price. See section 4 for a discussion of general equilibrium effects.
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exporting as they are not able to raise any funds for international activity after credit tight-
ening. Firms in regions B and D change neither the export status nor the source of external
finance, though face profit losses in case of higher borrowing costs. Exporters in region C,
however, lose access to unmonitored finance and have to rely on more expensive monitored
lending to cover fixed export and endogenous innovation costs. This substitution behavior
leads to a direct negative effect on revenues and profits since switchers face larger interest
rates and thus set higher prices. The following proposition summarizes the differential firm

responses to credit tightening.

Proposition 1 Increases in b and r, lead to higher cutoff levels y,,., such that least produc-
tive exporters quit international activity. Ezporters in the middle range of the productivity

distribution have to switch from unmonitored to monitored finance resulting in profit losses.

So far, the discussion has focused on responses of exporters to credit tightening in partial
equilibrium. In the open economy, firms select into the two types of external finance and
choose their export status. Note that Condition 1 is independent of trade costs and has to
hold for domestic sellers as well. Comparing the cutoff productivity for monitored finance
and exporting ¢, with the access barrier for non-exporters that use unmonitored finance
Y., leads to a second condition which determines the selection of firms:

o—1
i o GTT Y fo PRGN
Condition 2 ¢, > ©,, if ¢ “w—u% (14 7170)a=o41 > 1.

Depending on whether Condition 2 holds, I distinguish two selection cases that are summa-

rized in the following Lemma.

Lemma 2 If Conditions 1 and 2 hold, the selection of firms is described by the following
sorting of cutoff productivities: ©,,; < Vug < Pma < Puz- If Condition 2 does not hold,
thresholds are ranked in the order: ¢4 < Ve < Pud < Puz-

In both cases, Condition 1 ensures that access to unmonitored finance is relatively more diffi-
cult both for international firms and domestic sellers. Hence, the most productive exporters
have access to unmonitored finance, whereas the least productive firms sell only domestically
and rely on financial intermediation. For given access barriers to external finance, Condition
2 is satisfied whenever trade costs are sufficiently high.'® In this case, non-exporters select
into both types of finance as well (see upper part of Figure 6). Lower trade costs decrease

the cutoff productivities for international activity resulting in a larger fraction of exporters,

o—1
I3Note that Condition 1 implies that: ¢ ° ! QZ < 1.

11



whereas higher competitive pressure increases the minimum productivities required for do-
mestic activity ¢,4. This reduces the share of non-exporters that use unmonitored finance.
If trade costs are sufficiently low, Condition 2 is violated, such that access to unmonitored
finance becomes more difficult for domestic sellers compared to exporting with the aid of
financial intermediation. Under conditions derived below, this scenario with low trade costs
implies that domestic firms lose access to unmonitored finance (see lower part of Figure 6).
Lemma 2 describes only the feasible selection patterns based on the comparison of cutoff
productivities (16). The next subsections derive conditions under which the selection cases
with low and high trade costs, as depicted in Figure 6, are also optimal when taking into
account profitability considerations of firms. Intuitively, these conditions ensure (i) that
trade costs are sufficiently high and only the most productive firms are able to export, and
(ii) that credit frictions are sufficiently strong, such that the selection of firms into exporting
and external finance is influenced by moral hazard. Otherwise, profitability requirements

might impose higher access barriers than financial frictions.

3.1 Selection case 1: high trade costs

If trade costs are relatively high such that Condition 2 is satisfied, firms can be divided
into four groups. The most productive ones become exporters, whereas low productivity
producers sell only in the domestic market. Among both groups, only the most productive
firms obtain unmonitored finance. To ensure profitability, active firms located in one of the
four regions compare the available financing and production choices. Firms with ¢,,; <
¢ < @,q have only the possibility to sell in the domestic market by relying on financial
intermediation. Profitability considerations of active producers in the remaining three groups

are summarized by the following two Lemmas:

Lemma 3 7, (@) > m (@) forl € d,x, since 1y, = ¢ty > T, with ¢ > 1.

. . e fo
Lemma 4 7, (0) > Tua (0) if sua () > 52 (1+Tla)%fi‘:}*"if—1.

According to Lemma 3, it is always optimal for producers with ¢,; < ¢ < ¢, and ¢ > @,
to use unmonitored finance which implies lower interest rate payments. Firms with ¢, <
¢ < @, face a trade-off between exporting by using monitored finance or selling only in
the domestic market and obtaining unmonitored finance. On the one hand, exporting leads
to additional profits. On the other hand, international activity is only possible with more
costly financial intermediation. Productivities of firms within that group are not sufficient

to satisfy incentive compatibility (14) and directly raise external funds for exports from
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passive investors. Lemma 4 determines a cutoff productivity at which additional export
profits exactly offset higher financing costs. Comparing this profitability requirement with

the cutoff productivity ¢,,,, defined by equation (16), leads to the following condition:'*

Condition 3 Access to financial intermediation for exporters is more restrictive compared

to profitability requirements, as described in Lemma 4, if

a l1—0o
l-0c\a—oc+1 .a—0+1
Cmfszd (1+T ) 7 Cm

¢T)’L Z TT“ fT o 1—0o

Condition 3 compares the access barrier to monitored finance v,, with profitability require-
ments for marginal exporters. Larger fixed and variable trade costs, f, and 7, as well as
higher monitoring costs ¢,,, increase the right-hand side of Condition 3, as it becomes more
difficult for lower productivity firms to earn positive profits in the foreign market. Condition
3 is satisfied whenever the remaining private benefit after monitoring mb, and thus the entry

barrier to exporting with the aid of monitored finance 1, , is sufficiently high compared to

profitability requirements. If Conditions 1-3 hold, the selection pattern depicted in the upper
part of Figure 6 describes optimal firm behavior. In this case, moral hazard imposes stronger
restrictions on firms than profitability. Hence, financial frictions hinder some marginal pro-
ducers with productivity ¢ < ¢,,. to engage in international markets and conduct profitable
investment projects. Conversely, all firms with productivity levels ¢ > ¢, . find it optimal

to become exporters, since profitability is ensured whenever external finance is accessible.

3.2 Selection case 2: low trade costs

If Condition 2 is not satisfied, the entry barrier to export markets under financial interme-
diation is relatively lower compared to the domestic sellers’ access to unmonitored finance:
Oz < Pua (compare Lemma 2). As Condition 2 shows, this selection pattern becomes more
likely if trade costs are low for given financial conditions. Analogous to Melitz (2003), Con-
dition 4 ensures that fixed and variable trade costs are still sufficiently high such that only

the most productive firms are able to export.!?

Condition 4 ¢,, > ¢;; ift = % (1+471-0)ao > 1.

As in selection case 1, I still assume that Condition 3 is satisfied which implies that all
firms with ¢ > ¢,,, find it optimal to become exporters and use funds from intermediaries.

This condition is now less restrictive as trade costs are lower and thus profitability of export

11Gee Appendix 8.4 for a derivation of Condition 3.
15Note that Condition 4 is always satisfied in selection case 1 due to Conditions 1 and 2.
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activity is easier to achieve compared to the access barrier v,,. Because of ¢,,, < ©,4

m-
an important implication of this second selection pattern with low trade costs is that non-
exporters will never use unmonitored finance. Firms with productivity ¢ > ¢,,; could decide
to forego profits from foreign markets and use the cheaper type of finance. However, in case
of low trade costs, this is never optimal for any firm that has access to external funds for
international activity. This reasoning leads to the following selection pattern in equilibrium:
Omd < Pz < Pus, as depicted in the lower part of Figure 6. Compared to selection case
1, not only export status but also access to unmonitored finance is a monotone function of

productivity and thus firm size. The following proposition summarizes the two cases.

Proposition 2 If Conditions 1-3 hold, firms optimally select into exporting and external
finance according to the following order: ¢,,; < Vua < Pmz < Puz- If Conditions 1 and 3-4
are satisfied, the selection pattern is described by the following ranking: ©,,q < Pmz < Luzw-

If trade costs are low, non-exporters have only access to financial intermediation and hence
cannot react to credit tightening by switching the source of finance. In contrast, a scenario
with high trade costs implies that substitution effects, as described above for exporters,
occur among non-exporters as well. Based on this partial equilibrium analysis, the following

section considers the effects of credit tightening in general equilibrium.

4 Effects of credit tightening in general equilibrium

Compared to previous theoretical work, the partial equilibrium analysis in section 3 suggests
substitution effects between two sources of finance as an additional channel through which
credit tightening influences export behavior. The general equilibrium analysis in this section
shows that financial shocks induce reallocations of market shares across firms that use dif-
ferent types of external finance (subsection 4.2). These substitution effects change reactions

along the extensive margin and welfare responses to credit tightening (subsection 4.3).

4.1 General equilibrium in the open economy

Free entry ensures that expected profits equal fixed entry costs, before potential producers
know their productivity draw ¢:

0fe
Emy, = Zj Zl E'/lek = Xf ) (17)

S
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whereas k € 1,2 denotes the selection case and expected profits for each group with type of

external finance j and export status [ are given by:

Eﬂ-jlk: = fweDﬂk}\ﬂ-ﬂk(gp)Ms(gp)d(p‘ (18)

After entry, firms draw productivity ¢ from a Pareto distribution with density function
g(p) = £p~¢7! and positive support over [1,00], whereby ¢ is the shape parameter of the
Pareto distribution.!® Probabilities of belonging to one of the four possible groups Xjis s

well as the probability of survival y,, are defined as:

Xith = Jpep,, 9PV 5 Xar = Joep, 9(@)de, (19)

where Dj;;, denotes the set of active firms with type of external finance j and export status

[, and Dj, is the set of all active producers in the economy.!” The corresponding conditional

probabilities are given by pg () = gx(_i) and g, () = 92) - Combining equations (17) and

Xjlk
(18) determines the cutoff productivity ¢,,;, at which firms are just able to produce for the

domestic market by relying on monitored finance. Using equation (16), the remaining cutoff

productivities can be expressed as functions of ¢,,, and exogenous model parameters:!®

I\ szt 1 S

@ a(c— a—oc+1 alo—d
Pud _ (_) (wu) L Pme i, Pur (_) (tﬂ) . (20)
O, Crm UV, Prmd Pmd Cm

U
According to equation (20), the selection of firms depends on relative costs for external

finance 5—“ and trade costs t = % (1+7179) o1 To analyze the importance of substitution

effects in response to credit tightening, I define the share of firms with type of external finance

Q=

J and export status [ as ;. For both selection cases, the fractions of exporters are given by:

Vmz = (—%“) s (%‘” ) R P Yuw = (ww)_g- (21)
Pmd Pmd Prmd

—£
As in Melitz (2003), the share of exporters is solely determined by trade costs: v, = <m> :

Pmd
Additionally, relative credit costs influence the selection of exporters into the two sources of

external finance. In selection case 1, when trade costs are high, domestic sellers select into

a(c—1)

o—o+1- Appendix 8.3 characterizes the equilibrium with Pareto

16For technical reasons, I assume that & >
distributed productivity.
17 Appendix 8.2 defines the regions of active firms for both selection cases.

18Note that in selection case 2, the cutoff ¢, does not occur. See the discussion in subsection 3.2.
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both types of external finance as well, such that > ; > v = 1, with:

—£ —£ —£
md md md

whereas in case 2 domestic firms have only access to monitored finance:

© £
=1 (222) =0 2

Furthermore, market shares are defined as the ratio of average revenues in one group relative
ViukSitk 1 19
= =1

Each firm uses labor as single input factor for variable production costs as well as fixed and

. . _ ’szkgjlk
to average revenues in the total economy: 7, = ===, such that }_ >~

endogenous innovation costs. Total labor demand of one producer can be written as follows:

c—1)(1+«
(Hjjl‘i‘l{x >0}7'£U )—"_k]l:( )< )

"y
; - 1. 24
o JEED o)+ 2 (24)

In equilibrium, the inelastic labor supply L has to be equal to labor demands in the entry
sector (L. = M.f.) and in the four groups of active producers: L = L.+ 3,37, L.
Additionally, the mass of successful entrants is equal to the mass of firms that are forced
to exit due to an exogenous death shock: y M, = M. Analogous to Melitz (2003), labor

market clearing pins down the mass of active ﬁrms M in the economy:

L
F AS k ( )
The borrowing rate is treated as exogenous. Section 6 introduces a capital market equilibrium

which leads to an explicit solution for r,,. Average sales in equation (25) are defined as follows:

§ao i, fal'k
Ela—oc+1)—a(c—1)

3, = (26)
The term I'y is a function of trade costs as well as financial conditions and captures the

average productivity in the economy, dependent on the selection case:

Pmd fﬂf . of%:lﬂ»l Pmd fx -
@+(som) (fd e )F2‘”(som> (fd t) (21)

19The market shares n; are defined in Appendix 8.3.
29Tn selection case 1, all four groups of firms are active. In case 2, domestic firms have no access to
unmonitored finance and L,4 = 0. See section 3 for a detailed discussion of the two cases.
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whereas © is a measure for relative costs of external funds:

Y (w d)g( l=c )
Q=14 —u(Zmd) (1 oot 28
wm Pud ( )

which increases in effective costs for monitored finance, including borrowing rates and access
barriers due to moral hazard. If there are no differences between the two sources of external
finance, such that m = ¢,, = 1, the measure © equals one. Hence, this framework nests a
model with financial frictions and one source of external finance as a special case, which will

be discussed in more detail below.

4.2 Reallocation effects of credit tightening

The partial equilibrium analysis in section 3 has stressed two effects of credit tightening. Con-

sistent with theoretical and empirical work on credit frictions and export behavior, worsening

financial conditions increase access barriers to international markets. Furthermore, credit
Yy

shocks change the ratio of access barriers T and thus trigger substitution effects between

the two sources of external finance, as shown by the following proposition.?!

Proposition 3 A higher private benefit b increases the fraction of firms that use monitored
finance and raises their market share. In case 1, this selection effect is stronger for non-
exporters: % > % > 0.

Proof. See Appendix 8.4. m

A higher private benefit b increases the relative access barrier to unmonitored funds 5—;, as
it becomes relatively more difficult for firms using this type of finance to satisfy incentive
compatibility. Producers that rely on financial intermediation are hit less, since monitor-
ing attenuates aggravated moral hazard. In contrast, an increase in the borrowing rate 7,
decreases the relative cost for unmonitored finance, as firms that rely on intermediaries are
hurt relatively more due to additional monitoring costs. Consequently, relative access to
unmonitored funds becomes easier and the share of firms using this type of finance increases
(see Appendix 8.4 for a formal proof). Proposition 3 shows that substitution effects are
stronger for non-exporters if selection case 1 applies. Deteriorating financial conditions in-
crease access barriers to finance and thus hurt low productivity firms most. In selection case
2, if trade costs are low, non-exporters have to rely on financial intermediation and cannot

react to financial shocks by switching the source of external finance.

21Compare Proposition 1 for a summary of partial equilibrium effects of credit tightening. See Foley and
Manova (2015) for a review of related theoretical and empirical literature.
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The model’s predictions are consistent with empirical evidence documenting large adverse
effects of credit tightening on small and bank-dependent firms, as well as substitution into
alternative sources of external debt during the financial crisis of 2008-2009.22 Credit tighten-
ing does not only affect the selection of firms into external funds and exporting, but induces
reallocations of revenue-based market shares among producers that use different sources of
finance. If the private benefit goes up, market shares of exporters that rely on financial
intermediation increase. Comparable to an increase in the borrowing rate r,, a decrease
in monitoring effectiveness (higher m) leads to a larger fraction of firms that use unmoni-
tored finance and a reallocation of markets shares away from producers that rely on financial
intermediation.?? These reallocation effects change the degree of price competition in gen-
eral equilibrium, which has important implications for reactions of aggregate variables to

financial shocks. This will be discussed in the following subsection.

4.3 Aggregate effects of credit tightening

As shown in section 3, an increase in the private benefit aggravates moral hazard and leads
to stronger credit frictions. Consequently, this shock reduces the number of active firms (25),

whereas k € 1,2 indicates the selection case:

ob M, Ay, Ob Ty
——

Direct effect Selection effect

< 0. (29)

Reactions along the extensive margin can be separated into two effects. The first term in
equation (29) is independent of the selection case and captures the exit of lowest productivity
firms that lose access to external finance after credit tightening (compare Proposition 1). The
second term is a substitution effect that would not be present in a model with one source of
external finance. Substitution effects lead to an additional channel of adjustment along the
extensive margin. If the private benefit b increases, a larger fraction of firms has to rely on
more expensive financial intermediation, which reduces the degree of price competition and
attenuates exit of low productivity firms (% < 0). In contrast, substitution effects work
in the opposite direction if the monitoring effectiveness decreases (higher m). An increase
in m raises the share of firms that use unmonitored finance and leads to a reallocation of
market shares away from producers relying on financial intermediation. This selection effect
increases competition in general equilibrium, as a larger fraction of producers raises cheaper

finance without monitoring, resulting in a lower average price and thus stronger firm exit.

22Compare the discussion in section 1.
23See the proof of Proposition 3 in Appendix 8.4 for details.
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The same reasoning applies to an increase in the interest rate r,.2* To analyze the welfare
effects of credit tightening, welfare can be expressed as a function of financial conditions and

the cutoff productivity of the least productive domestic seller using bank finance ¢,), ;.

1ta a—otl 1
_pro () T (e o N (LT ey
et _( g ) (Ombmfd> A (A) P - (30)

The derivative of equation (30) with respect to the private benefit b shows that credit tight-

ening affects welfare through two channels:

L ) 31
ob Wy a(oc—1) Ay, ob  Yan (31)
Vari;;; loss Producggity gain

As firms with lowest productivity and highest borrowing costs exit the market, consumers
face a loss of product variety which is counteracted by a productivity gain. Compared to a
model with one source of external finance, selection effects amplify negative welfare responses

to credit tightening.

Proposition 4 A higher private benefit reduces the number of active firms if the private
benefit is sufficiently high, and leads to lower welfare if the effectiveness of monitoring is
sufficiently low: ,, > /\”—;:dg;’; Substitution into bank finance attenuates the negative effect
on the extensive margin, but amplifies welfare losses.

Proof. See Appendix 8.4. m

Selection into more expensive financial intermediation reduces average productivity and in-
creases average fixed costs in the industry. This results in a lower productivity gain in
equation (31) and thus higher welfare losses. In contrast, an increase in m leads to substi-
tution into unmonitored lending, increases the exit of low productivity firms and reduces
welfare losses compared to a situation with only one source of external finance. The same
results apply to an increase in the borrowing rate r,. The relative cost disadvantage of finan-
cial intermediation leads to substitution into unmonitored finance and intensifies negative
reactions along the extensive margin resulting in additional productivity gains. An increase

in credit costs affects welfare through three channels:

oWy 1y 1 a—oc+1r, OPmar Tu (32)
ory Wi a a(oc—1) M\, Oy Conae
~~ ~ iy —_——
IM Variety loss Productivity gain

24Compare Proposition 3 and see Appendix 8.4 for details.
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As producers scale down innovation activity and thus increase prices, a higher borrowing rate
negatively affects the intensive margin (IM). If credit frictions in the financial intermediation
sector are sufficiently high, the variety loss outweighs productivity gains and there is an

additional negative reaction at the extensive margin.

Proposition 5 An increase in the borrowing rate r, negatively affects welfare through the
intensive margin, as well as the extensive margin if monitoring effectiveness of financial
intermediation is sufficiently low.

Proof. See Appendix 8.4. m

Special case with one source of external finance If ¢,, = m = 1, there is no difference

between monitored and unmonitored finance such that the relative access barrier to external

funds is equal to one (Y= = 1) and from equation (20) follows that j—"l = 1. Hence,

the framework nests a hzgerogeneous firm model with financial frictions anrqlld one source of
external finance. This special case allows to analyze the effect of financial intermediation
on the number of active firms and welfare. The relative number of firms in selection case k
compared to a scenario with only one type of external finance, denoted by the subscript o,
can be expressed as follows:

M, 3 ¢, T,

TP AT v %)
The first term reflects the fact that financial intermediaries facilitate access to finance
(¢,, < 1,), which increases the number of available varieties in the economy. The sec-
ond term captures that a higher number of producers increases the competitive pressure
(I'y > T',). Expression (33) monotonically increases in the private benefit b. Hence, stronger
credit market imperfections enhance the benefit of financial intermediation in terms of larger
product variety. Analogously, welfare relative to the case without financial intermediation is

given by:

a—o—+1 1

Wi (0 olo=D) 1 (i€
— (= e . 4
w, (wm) ‘ (Ew) e

Compared to welfare without bank finance, the positive impact on product variety (:f—“)

is counteracted by a negative effect along the intensive margin as well as a productivity
loss. Additional monitoring costs ¢, reduce investments and hence increase prices resulting
in lower welfare. As financial intermediaries enable lower productivity firms to enter, the

average profits are reduced (Em, < Em,).

Proposition 6 If credit frictions are sufficiently strong and monitoring effectiveness is high,
financial intermediation increases product variety and welfare.
Proof. See Appendix 8.4. =
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From a policy perspective, the analysis shows that better access to financial intermediation
leads to relatively larger product variety and potentially higher welfare, especially in indus-
tries with strong exposure to credit frictions. More effective intermediaries facilitate export
activities of lower productivity firms. Furthermore, changes in credit conditions affect pro-
ducers very differently depending on their productivity and the source of external finance.
Policies that aim to ease access to external funds will induce reallocations of market shares
across firms and thus generate losers and winners. These selection effects change the average
productivity in the economy and welfare. Besides that, financial intermediation does also

affect aggregate responses to trade liberalization.

5 Trade liberalization

This section shows that substitution between two types of external finance represents an
additional channel how firms adjust to trade liberalization. I focus on a change in export fixed
costs f, whereas analogous results can be derived for variable trade costs 7 (see Appendix
8.5). A reduction in trade costs decreases the cutoff levels ¢;, and increases the share
of exporters. Firms with productivity slightly below ¢, before trade liberalization start
exporting. Additionally, exporters near but below the initial threshold ¢, switch from bank
finance to unmonitored finance resulting in lower borrowing costs (see Figure 6). In both

selection cases, trade liberalization leads to a reallocation of market shares towards exporters:

3%1& alc=1)—¢(a—0+1)0O

0 GRS R Vi &
My fo _ alo=1)—¢fla—0+1)
ofs e alc—1)T, < 0. (36)

As in Melitz (2003), trade liberalization increases the cutoff productivity for domestic sales

©mg- Whereas market shares are reallocated towards exporters, low productivity firms exit:

6]\/[1 fac 877 1 fgg P p— - _o-1_ t’7
= oo 7Y — ey T =2 >0, 37
of, My 0fs 1.y (L+77) ¢ o (37)
8M2 fx (977902 f:r 1o\ —2—
ELR N N oVa=ert _ 1| ¢ .
T T AR T O (1+7) |7, >0 (38)

The reaction of domestic firms depends on the selection case. If trade costs are high (selec-
tion case 1), some non-exporters react to increased competitive pressure by switching from
unmonitored to monitored finance. This substitution effect decreases the extent of price

competition, as switchers face higher borrowing costs, which leads to a reduced reaction
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at the extensive margin. If trade costs are low, non-exporters cannot change the type of
finance. Consequently, the comparison of equations (37) and (38) shows that exit pressure
is more pronounced in selection case 2. Higher monitoring costs ¢, or a lower effectiveness
of monitoring (higher m) increase the relative costs of financial intermediation compared
to direct lending as captured by the term ©. In this case, non-exporters are hurt more by
increased competition after trade liberalization which leads to stronger exit. At the same
time, the gain of market shares for exporters is attenuated when financial intermediation is
less effective. This result is driven by two effects. First, additional profits are lower for new
exporters that rely on monitored finance. Second, stronger exit of lower productivity firms
increases the cutoff productivity and thus the competitive pressure in general equilibrium.
Consequently, substitution effects influence the welfare gains from trade liberalization:
O

ar |-

(OZ—O'—f—l) )\gk (9Mk fa:

ao of, My (39)

+rufs

Proposition 7 Lower trade costs lead to a reallocation of market shares towards exporters

and exit of low productivity firms. If monitoring effectiveness is sufficiently low, there are

oWy fz
afm Wk

Proof. See Appendix 8.4. m

welfare gains from trade ( < O), that increase in the relative cost for bank finance.

Equation (39) and Proposition 7 show that welfare gains increase in credit frictions with
respect to financial intermediation. Higher access barriers to external finance worsen the
negative consequences of trade liberalization for lower productivity firms, but increase ag-
gregate gains in terms of average productivity and welfare. Hence, a decrease in trade costs
is more beneficial in the presence of stronger credit frictions. The comparative static analysis
identifies substitution into financial intermediation as an additional channel how domestic
firms react to increased competitive pressure induced by trade liberalization. A higher re-
liance on monitored finance reduces the negative responses along the extensive margin at
the expense of welfare gains. Conversely, the absence of substitution possibilities among
domestic sellers intensifies product churning, but at the same time increases welfare gains
after trade liberalization. Hence, the introduction of two sources of external finance in the
presence of credit frictions leads to two additional sources of gains from trade. First, some
exporters obtain access to finance provided without monitoring resulting in a reduction of
borrowing costs and prices. Second, stronger exit of lower productivity firms that rely on
more expensive financial intermediation further increases average productivity in general
equilibrium. The latter effect is attenuated if non-exporters are able to select into monitored

finance in case of high trade costs.
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6 Discussion and extensions

After presenting the effects of financial shocks and trade liberalization, this section discusses

assumptions of the theoretical framework and analyzes possible extensions.

Moral hazard and external finance. Firms have to rely on external finance to cover
fixed costs and endogenous investment outlays. The reactions of the intensive and extensive
margins to an increase in the borrowing rate r, depend crucially on this assumption. If
external finance is needed for innovations only, access barriers are independent of borrowing
rates: ¢, = %2+ 1 and ¢, = 2 + 1 (compare subsection 2.3), and there will be no reaction
along the extensive margin in equation (32). Instead, if only fixed costs have to be financed
by investors, the influence of borrowing costs on the intensive margin disappears. Empirical
evidence suggests that firms rely on external finance for fixed up-front costs and investments,
especially in international trade.?> Omne important feature of the theoretical framework is
that borrowing costs for process innovations affect price setting and the intensive margin,
without assuming external financing of variable production costs.

The assumption that private benefits are only related to fixed costs introduces credit frictions
regarding the extensive margin. Moral hazard increases the access barriers to external finance
and raises the cutoff productivities for domestic sales as well as exporting above the level of
a zero-profit condition. The model does not allow that firms use a mix of both sources of
credit. Instead, differences in private benefits as well as in borrowing costs lead to selection
of firms into two types of external finance. Alternatively, the private benefit could be related
to endogenous investment costs as well.? This assumption would lead to a negative effect
of moral hazard on innovation choices and a direct impact on the intensive margin, but
considerably complicates the analysis. The reason is that firms would additionally be divided
into financially unconstrained and constrained ones besides the selection into two sources of
external finance. By assuming only one type of lenders, Irlacher and Unger (2015) introduce
credit frictions and firm-specific moral hazard which leads to an endogenous share of credit-
rationed producers. This fraction is determined by the quality of financial institutions and

industry characteristics such as the degree of product market competition.

Borrowing costs and capital market equilibrium. The model considers labor as single
factor of production. Comparable to the general equilibrium in Melitz (2003), all resources
for entry, production and investment are expressed in terms of labor. This implies that the

borrowing rate r, is exogenous. The framework could be easily extended by introducing

258ee e.g. Manova (2013), Feenstra et al. (2014), as well as Muiils (2015), among others.
26Tirole (2006) discusses different specifications of moral hazard in corporate finance theory.
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capital as a second input factor for endogenous innovations. If labor is used for fixed and

variable production costs, equation (25) can be rewritten as:

aocL

My = [0 (a— 1)+ 1] \s,

(40)

Additionally, fixed capital supply K has to be equal to aggregate investment outlays which

leads to a further market clearing condition:

K — )\ng -1 Zz Yotk Smik + Cm Zz 7ulk§ulk. (41)

ao T'm

Combining equations (40) and (41) yields an explicit solution for the borrowing rate r,:

_ £ o—1 > 1 Yotk Smik F Cm D Yk Sulk
Ko(a—1)+1 CmSk '

Tu (42)
If there is only one type of external capital (¢, = m = 1), borrowing costs depend on fixed

parameters of the model and on relative capital supply %:

L o—1
S Ko(a—1)+1

Tu (43)
Equation (43) is closely related to the general equilibrium in Eckel and Unger (2015). The
interest rate decreases in relative capital supply and increases with the elasticity of substi-
tution 0. A larger convexity of investment costs « reduces capital demand and thus the
borrowing rate. In a CES framework with one type of external finance, neither trade liber-
alization nor stronger credit frictions change the interest rate. This result is driven by two
properties of the model. First, as in Melitz (2003), effects along the extensive margin are
captured by labor market clearing. Second, the constant elasticity of substitution implies a
constant marginal product of capital such that the effect of shocks on the intensive margin
is fixed. In contrast, Irlacher and Unger (2015) introduce a trade model with non-CES pref-
erences, whereas the borrowing rate is endogenously determined by industry characteristics,
and changes with trade liberalization. If there are two types of finance, equation (42) reveals

that capital costs are not merely pinned down by technology parameters and endowments.

Proposition 8 The borrowing rate r, decreases in the private b as well as in variable and
fixed trade costs.
Proof. See Appendix 8.4. =

Changes of the interest rate are caused by substitution effects between the two types of

finance. If the private benefit increases, there is a reallocation of market shares away from the

24



most successful firms with lowest borrowing costs. As producers select into more expensive
monitored finance, average capital demand and thus the interest rate decreases (%Lg < 0).
Instead, a lower monitoring effectiveness (higher m) leads to more innovation and higher
capital demand due to selection into unmonitored finance. With endogenous borrowing

costs, the reaction of welfare to an increase in the private benefit is given by:

owb  a—oc+1 mb 0Ya b 10r, b (44)
bW (oc—1)a AN b  adbr,
Variety loss Productivity gain ~ Interest rate effect

Compared to equation (31), stronger credit frictions lead to an additional adjustment along
the intensive margin which counteracts substitution effects. Whereas selection into mon-
itored finance causes a negative effect on welfare (compare Proposition 4), a decrease in
borrowing costs enhances innovation activity of firms and tends to attenuate losses of credit
tightening. Analogous to financial shocks, trade liberalization changes the interest rate only
through selection effects. As shown in section 5, lower trade costs lead to an additional wel-
fare gain as marginal exporters switch from monitored to unmonitored finance. Facing lower
borrowing costs, these firms increase capital demand which results in upward pressure on
the borrowing rate. This induces a negative reaction along the intensive margin and reduces

gains from trade.

Credit frictions and trade finance. The trade and finance literature discusses several
reasons why exporters may be more exposed to credit frictions such as higher default risk,
increased uncertainty in foreign markets or additional up-front costs.?” This model could be
extended in different ways to capture exporters’ higher exposure to credit constraints. First,
a higher uncertainty of investments in foreign markets could be modelled by a lower success
probability A for international firms. Second, a larger private benefit b would reflect a more
difficult access to external finance. Third, it might be harder for financial intermediaries to
control exporters’ project choice if activity in foreign markets is associated with opaqueness
of investments or weaker enforceability of financial contracts. This could be reflected by
lower monitoring effectiveness m or higher borrowing costs ¢,, in case of exporting. These
extensions imply that the share of exporters would not only depend on trade costs, but
is affected by differences in financial conditions between domestic sellers and international
firms (compare the discussion in section 4). Consequently, exporters would be hurt more by

worsening financial conditions.

27See Foley and Manova (2015) for a discussion of the trade and finance literature.
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7 Conclusion

This paper highlights that substitution effects between two types of external credit represent
an additional channel how firms adjust to trade liberalization and financial shocks. Models
that link firm heterogeneity a la Melitz (2003) to capital market imperfections explain nega-
tive effects of credit frictions on international trade. However, previous work mainly focuses
on partial equilibrium and considers only one type of external finance. The contribution of
this paper is to combine firm heterogeneity a la Melitz (2003) with financial frictions and two
sources of external funds. Based on Holmstrom and Tirole (1997), moral hazard reduces the
pledgeability of firm profits and aggravates access to credit. Passive lenders provide cheaper
unmonitored finance, whereas financial intermediaries with monitoring ability reduce moral
hazard and facilitate access to credit, but charge a higher interest rate.

The model adds a new dimension to the existing theoretical literature on heterogeneous
firms in international trade. Besides the selection into exporting, productivity determines
access to external finance. Consistent with empirical evidence, the most productive and
largest firms export and use unmonitored finance, whereas low productivity firms sell only
domestically and have to rely on more expensive financial intermediation. In addition to
ex-ante differences in productivity, selection into external finance introduces another source
of firm heterogeneity. Larger producers that use unmonitored lending have a competitive
advantage, compared to smaller producers that rely on intermediaries. The selection pattern
of firms depends on trade costs, financial development and borrowing rates. This model
shows that financial shocks and trade liberalization lead to heterogeneous firm responses,
as well as new effects on the margins of international trade. Financial policies that aim to
facilitate access to capital, change the relative costs for finance and thus lead to reallocations
of market shares across producers with different source of external credit.

Besides that, the analysis highlights the importance of general equilibrium effects. The main
idea is that financial shocks and trade liberalization induce firms to switch the type of finance,
which influences price competition and thus aggregate responses in general equilibrium. In
particular, stronger credit frictions lead to a larger share of producers that rely on more
expensive financial intermediation and have to set higher prices. This selection effect reduces
the competitive pressure in general equilibrium, forces less firms with low productivity to
exit, but generates additional welfare losses. Furthermore, the model suggests a new source
of gains from trade liberalization. Some exporters obtain access to cheaper unmonitored
finance and reduce prices. Additionally, stronger exit of low productivity firms with high

borrowing costs increases average productivity within an industry.
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8 Mathematical Appendix

8.1 Maximization problem of firm

This section presents the maximization problem of a firm with export status [ € d,x and
external finance j € m,u, whereas 1y,«-0} takes a value of one if the firm is an exporter
and is zero otherwise. Firms maximize profits (5) subject to the constraints (6)-(9) and the
corresponding incentive compatibility condition (14) for j = u or (15) for j = m. First-order
conditions for optimal prices at home p;; and abroad pj,, as well as investment e;;, are:

.1
XP? Ot ) (1= 0oy + | <o (A1)
PYeji
o % —0 T * —o—1
XP7 (A ps3) {(1 —0) (pj.) ~ + ve (P}z) ] =0, (A2)
jx
A + 1% o -0 * \ 9 a—
7 XP (pjz + Yar>0)7 (P]) ) —meg ' =0. (A3)
Pej

Optimality conditions with respect to credit amount d; and loan repayment £; are:
g = Tty =0, (A4)

—A+ Apg — 3 =0, (A5)

where 1, p5 and 4 are the Lagrange multipliers of the constraints (7), (8) and (14) or (15)
respectively. Optimal price setting (11) follows immediately from equations (A1) and (A2).
Rearranging condition (A3) leads to the optimal investment level e as a function of prices:

>\+ . - Y . 0 I+
ejl = |:AL<5XP (pjl + 1{m*>0}7— (pjx) ):| .
PH1

For unconstrained firms, p; = 0 and hence it follows from equations (A4) and (A5) that

y = 1; > 1land py = 1. If pg > 0, then )‘:& = T—i, such that optimal investment

1
of constrained and unconstrained firms is expressed by equation (10). Profits (12) follow
immediately from inserting investment (10) and prices (11) into the objective function (5)

by taking into account constraints (7) and (8).
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8.2 Regions of active firms in open economy

This section describes the regions of active firms for the two scenarios presented in section 3
of the main text. In both cases, the set of all active firms in equilibrium is characterized by:

D={pe[l,00]: ¢ > g}
The regions of exporters using monitored and unmonitored finance are defined as:
Dmx = {(p € [1700] F Pma S P < Souz}v

Du.r = {‘P € [LOO] P > @um}

If case 1 occurs (see subsection 3.1), domestic firms select into two additional regions, de-
pending on the type of external finance:

Dmd:{ﬁpe [1700]:90md§50<90ud}3

Dyg = {<,0 € [1700] P Pud <p< @mw} .

If case 2 applies (see subsection 3.2), non-exporters have only access to monitored finance:

Dmd = {<)0 € [1700] P Pmd < p < (pma:} .

8.3 Solution with Pareto distribution

As described in subsection 4.1, I assume that productivity ¢ is Pareto distributed to solve
the model explicitly. Expected profits in equation (18) can be expressed as:

~ a(o—1) _ a(o—1)
Ok | “ 7 5ot [ Pudk \ 7T
7mdk< = + Yyarcm 7|

Pmdk Pmdk

En, = Aq/}m,fd

md Pmd

1 o 9'5 Zfi;#}l o—1 §5 Zji;‘:l ~
+A (1 +7 70) amo q/}m,fd Yma <(pmz) + VuaCm 7 ! <ua:) + fk7 (AG)

whereas the index k € 1,2 denotes the selection case, p;, is the average productivity among
producers with source of finance j and export status [, and average fixed costs are given by:

fk' = (Cm’ymdk + Fyudk) fd + (Cm’}/mx + Vux) th

For both selection cases, the components of exporters’ expected profits in equation (A6) are:

a(o—1)

v &um amott _ _f (a -0+ 1) Cal—;agﬂ u Puzx ¢
ux Oé( )

Pmd o — 1) - f (O( -0+ 1) " wm Pmd
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_ a(o—1) _ _
. (@m)a—w: —t(a—o+1) t<<pm> ¢ l_cm%<s@ud) s
" Pmd « (U - 1) - 5 (a -0+ 1) Pmd wm Pmd
I assume that the Pareto shape parameter is sufficiently high: & > Z(:’C;li and hence

—ta—otl) y > 0. In selection case 1, the components for domestic firms are:

a(c—1)—¢(a—o+1
5 -£
1 _ Calfaﬁ»l 3 ( SOLLd )
m ;
qzbm, Pmd
a(oc—1)

Pua \ * 712 —f(a—oc+1) ¢ . e
- e R 2 :
Jud <med) Oé(O'— 1) —g(a_0-+1)<pmd ¢ ’Qbmwud Pmaz

and in case 2, when trade costs are relatively low:

a(o—1)

(a"'bd amot —{(a—0o+1)
Ymd \ =

Prmad Calc-1)-¢&(a—o+1)

a(o—1)

P ) " R {ChL AL R PHIT
Tmd _ ., .
Jmd <<Pmd) a(c—1) —f(ozfoJrl)(pmd Pmd ~ WPmz

The free entry condition (17) is an increasing function of the cutoff productivity level ¢, 4
Emk = 0B85,

Combining the free entry condition (17) and expected profits (18) leads to the following
solution for the cutoff productivity ¢,,q:

1 € a—oc+1 _ N\ ¢
@mdk_<6fE> (w)\é’k—rufk) :

Market shares. Revenue-based market shares for exporters are defined as follows:

3

1—0o
~ _ oot by (Pma
_ TYmaSmak _ fl <s0md>£ . Ym (Saud>

Nk — = =
maxk 3k fd O Fk

Tk fatm (pum

Tuak = T T T fa (L1
If trade costs are high (case 1), market shares for non-exporters can be expressed as:
Lo T e () ¢

n ~ Ymd1Smdl Vi \ Pud
mdl 5 Pl

)

!

Nud1 =

)

o—1
~ Do (@md)g _ tcﬁfcﬂ (%mt)g
Yud1Sudl _ Ym \ Pud Pma

51 I'y
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and in case of low trade costs (selection pattern 2):

~ 1—¢ (¢md)
’Ymd2 Smd2 _ Pma
S2 ) ’

Nmd2 =

whereas the measures 'y and O are defined in equations (27) and (28).

8.4 Proofs

Proof of Condition 3. The profitability condition for exporting with financial interme-
diation in Lemma 4 can be written as cutoff productivity:

a(oc—1)
o =1 ao cmfz — fa =
> — AT, A
@_<J—1) (A) (a—a—i—l( —— 1) d (A7)

o
14 71=0)a=oFT ¢ o7t

Comparing profitability condition (A7) with the cutoff productivity ¢,,, in equation (16):

1ta N a—o+1
g « Tm\ « 050-¢ wa ale=1) =4

= — — e AgH, A8

Pma <a—1> ()\) (a—a+1> (A8)

immediately leads to Condition 3. m

Proof of Proposition 3. (i) A higher private benefit increases the relative cost for
unmonitored finance:
a (%run) Tuw Cm —

V.S

m
>0as ¢y, >1>m.

> 0.

For both selection cases, differentiating equation (21) with respect to b yields:
1/)’(1,
a')/nwv _ E(OJ —o+ 1) Pmd ¢ ,(/Jim 0 (wm> 0: a')/ux, _ ar}/mw
b alo—1)

9 ( 2w
Puz Yy, ob T = b <0as(g;)’">

Pz ¢ N > Nma
b

. . . o . .
For domestic firms, substitution effects are: Zlmd — (@ o 5ie in selection case 1,
md

and 424 = 0 in selection case 2. (ii) A lower monitoring effectiveness (an increase in m)

and higher borrowing costs r, reduce the relative access barrier to unmonitored finance:

a(ﬂ_ Y, b <0.8(;L;,>_ b m—c

om 2 AN T Or, M g2

™ <0ascy>1>m.

For both selection cases, the shares of exporters (21) react as follows:

< 0;

1/)11,
a')/mw _ f(a —o+ 1) Pmd ¢ % 0 (wm) 0: a')/ux, _ 8rymw
om aloc—1)

9 ( 2w
Pur ) Vu Om om T om0 (afé)
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ory, a(oc—1)

Vo
N Ela—a+1) (somd>5 wma(wm) CMue . Vs <0

o ()
Oun ) <0 or,  Ory >0 as Oory,

In selection case 1, changes in shares of domestic sellers are given by:

<0,
ory, Oind ory,

< 0;

om Prnd om

whereas in selection case 2, there are no substitution effects among non-exporters:

a’)/Wzd — 67md =0
om ory, ’

For selection case 1, changes in b, m and r, lead to reallocations of market shares according
to the following derivatives:

fla—otl)—alo—1) =555 (o €o(¥s)  ar,
877md _ a(o—1) m Pud ob Nmd a6 ob -0
ob I, ’
flomatt)—alo=1) 7551 o (ema)* 2(55) _ ory
877mz . a(c—1) Em fa \ Cue b Nmz ~5p >0
0b T, ’
Yoy
fla—otl)—ale-1) =551 (L)E o) o
Bnmd _ a(oc—1) Cm Pud Ory md dr,
ory T, )
wu
flazotl)—a(o—1) o= T fo ((Pma ¢ a(m) _ ar,
M a(c—1) Em fa \ Pus Ory, mx dr,
= <0,
Ory, I,
fla—otD)—ate—1) w55 (1o €o(gx) . ory
877md _ a(o—1) m Pud om Nmd gm om <0
om Iy )
P
flazotl)—al(o—1) o= T fo ((Pma fa(w) _ ar,
877mx _ a(o—1) Cm fa \ Puz om mx om
om I )

o L a(pw) o Lw
whereas <w’”> > 0, ( ) ( ) < 0 and 8F1 < 0, &1 9L ~ (0. Analogous reactions of

Ory ' Om 7 Ory ) Om

market shares can be derived for selection case 2. m

Proof of Proposition 4. The derivative (29) follows immediately from equation (25) by
taking into account equation (26). Substitution effects subject to a change in the private
benefit b, as stated in equation (29), are given by:
o1 _ 00| (oma\ fr| _ o 02 _ 00 (@nd)\* Lo
Ty _ 00T, (eas)E] B

Pmax fd ob B b Pma fd
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whereas

<0 as

0 Somrionod () ) (wmd)fa(g) :

- alo—1) Pud

The overall effect of an increase in b on the number of firms is negative as long as — AT@S —
ary b "

o T < 0, which leads to the following conditions in selection case 1:

¢u>§(a_0+1)_a(a_1) (1_ alv?l>7’ucm— (fd

a(oc—1) A om fa + 77”) Muz1;

and in selection case 2:

Py >

E(la—o+1)—a(c—1) (1_ alU‘jH)rucm—m
Nua2-

aloc—1) Aoom

Both conditions impose minimum requirements on the private benefit b, since the left-hand-
side (1,) increases in b, whereas the market shares 7,,, decrease in b. The productivity
effect in equation (31) is given by:

Opmae b 1 (a—a—l—l)\~k8Mk b afk> (A10)

__ LA
b o B\ ac ap M v on

whereas average fixed costs increase in the private benefit b: af £ > (. Inserting derivatives
(A10) and (29) into equation (31), and rearranging leads to:

f(a—o+1)—a(c—1) mb o', b ~
owi b __a-ot1| (55 R P i) X

- ao Bf b ’
b Wi aolEmy +T"fk (a 1 AA(/J t oot Tbkﬁ)

(A11)

whereby the definition of average profits is exploited: Emj = )\’svka%';l — Tuﬁ;. Substitution
or : of

effects decrease average productivity (%# < 0) and increase average fixed costs (% > 0),

and thus, clearly amplify welfare losses of credit tightening. From the derivative (All)

follows that a sufficient condition for a negative welfare effect is given by: v,, > ;}‘ I{C’Z ]
A change in monitoring effectiveness m and an increase in borrowing costs r, both lead to

a clearly negative reaction along the extensive margin:

OM m bm o'y m oMy, 1, Tm o'y ry

P R VT 8 v e v vl e v (49)
as selection effects aggravate firm exit: 8Fk, ‘31;’“ > (0. Comparable to equation (31), the effect

of a change in monitoring effectiveness m on welfare can be written as follows:

oW m a—oc+1 mb OPma ™M
— == = . Al12
om W (o0 —1)a AN, + om Q.4 (A12)

Analogous to the derivation for a change in the private benefit b, the welfare response is neg-
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ative if the access barrier to monitored finance is sufficiently high, as the following conditions
show for selection case 1:

fdcm + Yz (f:tcm — fd)
a _o—1
I+ ,t {(1 + 7'1*0)%70“ _ C%0+1:|

17[)777. >

)

Tu
Afa
as well as for selection case 2:

Tu fdcm + Yz (ffb - fdcm,)

qum, N\ F o .
)\fd 1 + ’Yyt |:(1 + 7-1—0')(1—0+1 _ 1:|

Proof of Proposition 5. The effect of the interest rate r, on cutoff productivity ¢,, 4 in
equation (32) is given by:

OPmdar  Tu 1 a—oc+1__ OM ry, ~ 28J7
m _ _ A Tu o Fo—r2e ) Al3
Ory  Pmar SETE ao Sk or., My, rufi = Tu or, (AL3)

whereas the reaction along the extensive margin is given in equation (A9). Substitution into
unmonitored finance increases within-industry productivity:

3 3
Pmd fw 8F2 00 < Pmd > fa:
1+ = >0 = — >0,
( P ) fd 1 87"“, 81"“ Pma fd

or, 00

or, Ory

whereas for both selection cases it holds that:

by
37@__5(04—04—1)—04(0—1) 1—60‘1%011 Oomd Ea(u)m)>0
ory a(oc—1) " Dud ory ’
: : : , o)
as the relative access barrier to unmonitored finance decreases in r,: 5 < 0. The effect

on the extensive margin in equation (32) is negative if:

flazety-looNe oy O SlootDiah . g €0+ Vrm—(0-1aXsy, Ofiru
(c—1a A, kT ora E(a—o+1)—a(c—1) (o —1)ary,, oru fr |’

whereas ngi < 0. It can be easily shown that the left-hand side of this condition increases
in m, whereas the right-hand side decreases in m. Hence, the reaction along the extensive
margin is clearly negative as long as the monitoring effectiveness of financial intermediation

is sufficiently low. m

Proof of Proposition 6. Depending on the selection case k € 1,2, equation (33) can be
rewritten by using the expression for average revenues sj in equation (26). If there is only

13
one type of finance, ® =land ' =1+ (%) <% — t>, see subsection 4.1. Exploiting this,
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product variety is larger (% > 1) if the following condition holds for selection case 1:

o—

e 1
{1 + (A4 rtme)eT m} — i Ty,

v O
Ui g 14 ty, {(1 o 1}

A similar condition ensures variety gains in selection case 2:

L (14t e -1
Y L, (1 )

Note that for both cases, the left-hand side of the condition increases in b and decreases
in m, whereas the opposite holds for the right-hand side. Hence, the conditions are satis-
fied whenever the extent of credit frictions, as well as monitoring effectiveness of financial

intermediation, is sufficiently high. m
Proof of Proposition 7. The market share of exporters is given by:

(1 + 7_1—0') a—(;+1 t7w

Taking the derivative of equation (A14) with respect to fixed trade costs leads to:
My, fo _alo—1)—E(a—o+1) Ot fo Oy fo
Ofe Mo a(oc—1) Of, t  Ofs T’
pr _ (1+r'=) T
whereas T, 0 and the effects of trade costs on the measures of average
productivity in the economy are given by:
ary eovee ==Ll a(oc—1)—E&(a—o+1) Ot
=~ 1 T)a=eFT _ po=otT , Al
ofs ”{9( ) ¢ } (o —1) af, <" (A15)
ory lmoyatmr o 4] @0 —1) —&(a—0+1) Ot
afm—vx{(l—i-T ) o 1} sl 5 <0 (A16)

Inserting these expressions into the derivative of equation (A14) and simplifying leads to
equations (35) and (36). For both selection cases, the reaction of market shares decreases in
O, and thus increases in the monitoring effectiveness of financial intermediation as % > 0.
Reactions of the extensive margin to trade costs follow immediately from the derivation of
equation (25). Exit of firms is stronger if financial intermediation is less effective as:

8(%1}{:1\%> §(o¢—a+1)—o¢(a—1)t”ymc;§;7;1“

= >0,
90 a(o—1) I?

OMs fao -
8(6% 1{72) Cbla—o+1)—alc—1)ty, (147'77)
00 B a(c—1) I’

> 0.
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The effects of fixed export costs f, on average fixed costs for the two selection cases are:

6,]?1 - [a(o—i1)7§(a70+1)](7mzcm,+’}/um)+f(0&*0+1)%’}/x
afr_ Oé(O'—l) >

(A7)

8]72 N [a(a—l)—f(a—a—l—l)] (fYTﬂlcm—’—’YLL.L)_'_g(a_U—"_ ) cm’yuL

aF = - (A18)

The welfare response in equation (39) is negative if the following condition holds:

a0+ YN fa Ok Of
Ea-oth)-alc-1Dof, “0f.

Exploiting equations (A15) and (A16), as well as the reactions of average fixed costs (A17)
and (A18), leads to the following conditions for selection case 1:

Tu [g(a_o-—*—l)_a(o-_l)](’)/mxcm—i_’Yuw)_€(a_0+1)%7x
Y, >7

o—1

€a-o+ 1)y, (0 (14 r1om)= )
and correspondingly for selection case 2:

ry (@ =0 +1) = a(0 = D] (sm +70s) —E (=0 +1) Femy,
Ym >~
A la—o+1)7, (@— (1+71—‘7)a—6+1>

Note that ag—m"‘, g—g > 0 and W < 0. Hence, the conditions are satisfied whenever

the monitoring effectiveness is sufficiently low. m

Proof of Proposition 8. By exploiting the properties of the model with a Pareto
distributed productivity, as presented in Appendix 8.3, the borrowing rate in equation (42)
can be rewritten as follows for selection case 1:

(14 £2) [1+c;; e G N 1)} e,

L o—1 Y Vo
Tyl = P (Alg)
mK —1 1 ) —1
c O’(CK )+ (1 + fa}’dyz) |:1 + o aEehT ;/}m ’}:yu; <C% ol 1):| — el a+1t,yz
and in selection case 2:
L —1 m Ve
Fuz = 7 (A20)

cmKo(a—1)+1

1—0o
1+ L= {Hc“ T e L (cii% - 1)} — Y,
Vm Vo }

o—1
1+ L22e [1+c75”“ Yu Yua (c;;”“ - 1)
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Taking the derivatives of equations (A19) and (A20) with respect to b leads to:

9 Yu Yux
fa:')& d(d’m Y ) fa:'Ym
Orui  (em—1)L oc—1 (1+ fd> b (1_t’Y;c+ fd> —0
o cpK o(a—1)+1 s 1= . o1 o1 2 ’
|:(1 + g}zm) [1 + ca o wm ’Yz (CT(:LU+1 - 1>:| - CTO;LiU*»l t’YiE:|
Yy Yugx
R G o
Oruz  (cm—1)L oc—1 fa b (1_t7x+ d) -0
o cpK o(a—1)+1 f ST -1 2 ’
[1 + z’yz |:1 +e a—o+F1 w ’zyw <C'r(;1 o+l 1>} t’ch:|

F) Yy Yuz
w < 0 and 1 — ¢y, > 0. Taking the derivative with respect to fixed trade

costs f, and simplifying yields:

= "'+1 LM ”1—;:'1 o 1 1+ fz’f—;; a(t'\/m) —t 8(fl}:iu)
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(e (2],
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(tv,) fova (75"
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o fevae
whereas (1 + f”””) g}z) —t, <8f ) < 0 and w 7"””0“ T 5 1 due to Condition 1. The

changes with respect to variable trade costs 7 can be derlved analogously. m

8.5 Effects of change in variable trade costs

This section presents comparative static results for a change in variable trade costs 7 (com-
pare section 5 on fixed trade costs in the main text). Market shares of exporters decrease in
iceberg-trade costs 7:

1—0 _o=1_ = — D) - —1
87}r1 L _ _Tii |:@ <1 — C%—U+1t’}/x) +t’YT a—o+F1 (OL o+ ) OZ(O' ):| < Oa

T 1y l+7l=oTy Ela—o+1)
My T im0 ¢ a(oc—1)
w2 T T S |y X9 0
OT My 1+71771T, Teela—o+1) <
The reaction along the extensive margin is given by:
OMy 1 _ 77 t,fla—ot+l)—alo=1) [la—ot) ()T e
or M1_1+’7'170 Iy a—oc+1 5(04—0"‘1)—04(0'—1) m s
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The effect of 7 on welfare can be derived as follows:

owr 1 (=0 +1)As, OMy, T iﬁ
or W EET, ao or My T or |’

whereas the effects on average fixed costs are:

Of _ &7 Dime (Fal = fa) + Ve (fz — S _
or 1470 ’

s _ & imaCon (fo = J) + Yuw (fo = Jucw)] _
or 1+ 7l-e :

Analogous to a change in fixed export costs f, (compare Proposition 7), the welfare response

is negative (%—Vf% < 0) as long as the access barrier to monitored finance is sufficiently high

in selection case 1:

Tu [(’mecm + Wua:) fr - ’Yxfd] [5 (a —o+ 1) - (U — 1)]
Aaty, {5 (a—0+1) (@ (14 7l-0)a=oFT — cﬁ:“}“> + cﬁ;;il a(o— 1)]

Y >

and in selection case 2:
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