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1. Introduction 

The international trade literature has tended to view exporting and innovation to be 

complementary activities, as access to larger markets expands the potential profits from 

investment in improved productivity. The literature has even viewed a rise in innovation 

as one of the benefits of policies promoting trade openness. See, for example, Lileeva 

and Trefler, 2010; Bustos, 2011; Maican et al., 2023. In particular, Maican et al. (2023) 

demonstrates that export market profits are a substantial source of the expected return 

to research and development (R&D), and that R&D spending has a larger impact on 

firm productivity in the export market than in the domestic market. For theoretical 

models studying the complementarity implied by the joint firm decision for exporting 

and innovation, see for example, Atkeson and Burstein (2010) and Costantini and 

Melitz (2007), Aghion et al. (2024), and Gorodnichenko and Schnitze (2010). 1 

This paper presents a more nuanced picture for heterogeneous firms: while 

exporting is complementary to innovation for larger firms, the opposite can be true for 

small exporters due to the presence of financial constraints. Since both activities may 

require financing, a limit on the supply of such financing to small firms can force a 

tradeoff.2 In particular, we find evidence that small exporters have lower expenditure 

 
1 Bustos (2011) introduced joint decisions of technology and exporting choices in the model of trade with 
heterogeneous firms in Melitz (2003), and the study found that the increase in revenues produced by 
trade integration can induce exporters to upgrade technology. The paper found supportive evidence on 
entry in the export market and technology upgrading by Argentinian firms. Lileeva and Trefler (2010) 
showed in a model that the improved access to foreign markets raises productivity for some firms but 
not all firms since productivity responses are heterogeneous, and found empirical evidence that Canadian 
plants that were induced by the tariff cuts to start exporting or to export more, increased their labor 
productivity, engaged in more product innovation, and had higher adoption rates for advanced 
manufacturing technologies. Aghion et al. (2024) shows in a theoretical model with entry, exit, and 
innovation that adjustment of the extensive margin may limit the usefulness of firm level data to gauge 
the aggregate welfare implications   of trade liberalization. Other related papers include Aghion et al., 
2024; Maican et al., 2023; Peters et al., 2019; Akcigit and Melitz, 2022; etc. See the literature review in 
Appendix A for more details of the papers in this field. 
2 There is a large literature studying the intersection of financing and innovation, see for example: Hall 
and Lerner, 2010; Gorodnichenko and Schnitze, 2013; Acharya and Xu, 2017; Brown and Petersen, 2009; 
Comin and Nanda, 2019; Hsu, Tian, and Xu, 2014; Bernstein, 2015; Tadesse, 2006; Benfratello et al., 
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on R&D than comparable non-exporters. A few papers in the literature have articulated 

related arguments. Aghion et al. (2024) shows innovation of French exporters depends 

on firm size, but does not discuss financial constraints. Gorodnichenko and Schnitze 

(2010) find that small firms, irrespective of exporting, are more sensitive to financial 

constraints on innovation.  

A distinctive feature of our work is that we study R&D jointly with firm financing, 

in particular the adjustment of firm capital structure.3 More precisely, we study data of 

public U.S. manufacturing firms regarding exporting, R&D expenditure, and firm 

financial leverage defined by the ratios of debt to firm total assets, where the last item 

distinguishes between long-term debt with maturities of greater than a year and shorter-

term debt like working capital. First, we present a new stylized fact regarding R&D and 

exporting: while exporting has been associated with more R&D (Maican et al., 2023), 

we find that once controlling for sales, small exporters do less R&D than comparable 

non-exporters. This conclusion is based on a regression of R&D expenditure on sales, 

export status and the interaction of sales and export status. The indicator variable on 

exporter status has a negative coefficient, indicating that an exporter has lower R&D 

than a non-exporter controlling for sales, while the interaction term has a positive 

coefficient. Values indicate that for small exporters the net effect of exporting on R&D 

is negative, whereas for larger exporters the net effect of export status is positive.  

 
2008; Howell, 2017; Lin, Liu, and Lai, 2018; etc. For other papers studying the intersection of trade and 
finance, see for example: Foley and Manova, 2015; Amiti and Weinstein, 2011; Paravisini et al., 2015; 
Manova, Wei and Zhang, 2015; Iacovone and Zavacka, 2019; Chaney, 2016; Manova, 2013; Kohn et al., 
2016; Campa and Shaver, 2002; Greenaway et al., 2007; Xu, 2012; Baggs and Brander, 2006; Chen et 
al., 1997; Mittoo and Zhang, 2008; Bergin, Feng and Lin, 2018a; Chor and Manova, 2012; Feenstra, et 
al., 201. See appendix A for details. 
3 Although there are a very few papers that simultaneously consider the joint decisions of innovation and 
exports simultaneously under the presence of financial frictions (see Gorodnichenko and Schnitze, 2010; 
Altomonte et al., 2016; Egger et al., 2015; Föllmi et al., 2015; and etc.), none of these studies the joint 
adjustment of R&D, trade and innovation. 
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Second, we find a similar pattern when studying financial variables, when 

regressing the leverage ratio (LR) of firms on export status, R&D, and the interaction 

of export status and R&D. As with the R&D regression above, the indicator variable 

on exporter status has a negative coefficient, while the interaction term (on exporting 

and R&D) has a positive coefficient. Values indicate that for small exporters the net 

effect of exporting on LR is negative, whereas exporters with large amounts of R&D 

will have a higher LR. Additionally, our estimates indicate that while R&D is associated 

with higher levels of internal financing for non-exporting firms, the opposite is true for 

exporters, so that R&D is associated with higher levels of external financing. 

Interpreting the implications of these facts for the relationship of R&D and firm 

financing requires help from a theoretical model drawing on the distinct literatures on 

R&D, export firm dynamics, and corporate finance. Accordingly, we develop a novel 

theoretical model characterizing the joint decisions of innovation, exporting, and firm 

capital structure. On the production side, firms can choose to make expenditure on R&D 

investment, which raises firm productivity.4 In addition, firms face an export entry 

decision subject to a one-time sunk entry cost and a fixed per-period cost, where the 

latter is financed out of a short-term working capital. The novelty of the model lies in 

the interactions of innovation and export activity with firm financing. On the financial 

side, we use a model of endogenous capital structure from the corporate finance 

literature (as in Bergin et al., 2021; Jermann and Quadrini, 2012). It includes a standard 

short-term working capital constraint, where intra-temporal debt finances current fixed 

and variable production costs, a portion of R&D expenses and the fixed costs of 

exporting when a firm exports. Access to this working capital must be secured with 

collateral in the form of firm equity. Firms hence face a capital structure decision, 

 
4 Functional forms for the cost and benefit of R&D follow Aghion et al. (2024). 
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balancing the benefit of long-term debt financing in terms of tax shield advantages, 

versus the benefit of equity issuance which can be used as collateral to secure the short-

term working capital loan. 

Analytical results interpreting the first order conditions from the model show that 

the model’s financial friction introduces a financial component to the cost of R&D 

investment, and for small exporters, this rise in the overall cost of R&D relative to the 

benefit can lead to a choice of lower R&D investment than a comparable non-exporter. 

A version of the model with parameters chosen to optimize fit of the model to the 

empirical regression results provides an explanation for the empirical findings, and for 

the role of financial frictions in accounting for the substitution between exporting and 

R&D. Parameter requirements include the need to finance with external working 

capital the fixed costs of exporting as well as a portion of the R&D costs for exporters.  

In such a setting, small exporters adjust along multiple margins to balance the 

financial constraints on exporting and R&D. One margin is to adjust the capital 

structure toward equity to provide collateral to secure financing for working capital.  

However, the switch from cheaper long-term debt financing to more expensive equity 

financing lowers overall firm value, which may offset the rise in firm value from higher 

productivity due to innovation or larger market sales from exporting, and thereby 

reduce the ability of firms to pay the sunk entry cost of exporting. In order to still enter 

the export market, the small exporters must cut their innovation investments. 

Regressions on the simulated data characterizing the cross-section of firms in the steady 

state solution of the model reproduce the signs of all regression coefficients in our R&D 

and leverage ratio regressions in the empirical analysis.  Results imply that small 

exporters are unable to reap the full benefits of exporting due to their inability to finance 

innovation along with the costs of export participation. In the calibrated model, the 
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marginal exporter reduces R&D investment about 25% compared to a counterfactual 

case where R&D investment is not subject to financial constraint. 

 

Related literature 

Our paper contributes to the large literature studying the joint decisions of 

innovation and exports. We differ primarily in showing that this relationship is shaped 

by financial constraints and firm capital structure adjustments. The closest paper in this 

literature to us is Aghion et al. (2024), which demonstrate a related empirical finding 

among French firms: innovation of exporters rises in response to firms-specific export 

demand shocks, but primarily among larger firms rather than smaller firms whose 

innovations barely change. As a theoretical explanation, it proposes a model of export 

and innovation decisions, where new firm entry raises competition and discourages 

innovation among small firms. Our work differs, foremost, in proposing financial 

constraints as an explanation for the heterogeneous innovation behavior of small firms, 

rather than changes in the degree of competition, and that firms adjust capital structure 

in response to financial constraints on innovation and exporting. While our empirical 

finding is similar in flavor in that small exporters do less innovation than large 

exporters, it differs in showing that small exporters actually do less R&D than 

comparably sized non-exporters.  

Only a small subset of the literature studies the three-way interaction of trade, 

innovation and firm financing. Within this literature, the closest work to us is the 

working paper of Gorodnichenko and Schnitze (2010), hereafter GS. They too show 

evidence that exporting and innovation can either be complements or substitutes, and 

that small firms are more sensitive to financial constraints on innovation. But our paper 

differs in several important respects. First, we focus on how innovation interacts with 
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exporting across heterogeneous firms under the presence of firms’ decisions about 

capital structure adjustment, whereas GS has a different focus, regarding how financial 

development affects macroeconomic outcomes like GDP growth and exports, and 

prevents poor countries from catching up through innovation. In fact, the published 

version of their paper removes all discussion of trade, and focuses just on the 

relationship of innovation and financial constraints. Second, we study the intensive 

margin, the varying degree of investment in innovation and exporting across 

heterogeneous firms, while GS study innovation and exports at the extensive margin, 

whether or not to innovate or to export. Third, we study how capital structure decision 

of firms affect the endogenous tightness of financial constraints, while GS takes the 

financial constraint as exogenous.  

Altomonte et al. (2016) empirically find among European exporters that high 

productivity firms are less likely to be credit constrained, while better access to credit 

is associated with larger productivity and a higher probability of exporting. However, 

the paper finds no significant relation between investing in R&D and the probability to 

be credit constrained for exporters. This finding differs from us as well as GS. As with 

GS, the paper differs from us in only studying innovation and exporting at the extensive 

margin rather than the cross-sectional variation in innovation and exporting activities. 

Another paper at this intersection is Egger and Keuschnigg (2015), which 

develops a theoretical model studying endogenous financing in relation to innovation, 

which distinguishes between financing of early-stage and late-stage innovation 

activities. They cite empirical evidence common in the finance literature that younger 

and smaller firms are more financially constrained in innovation activity. While the 

paper considers international trade, it shows that import protection can improve the 

financial strength of firms leading to more innovation activity, the paper does not study 
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the export decision of firms or how firm export interacts with innovation, which is 

central to our empirical finding and model. 

Similar to Egger and Keuschnigg (2015), Föllmi et al. (2015) also examined how 

trade liberalization affects firm investments in R&D. The paper first constructed a 

model where entrepreneurs differ in their wealth endowment, and the heterogeneous 

access to external funds causes the poor entrepreneurs to run smaller firms, be less 

likely to invest in R&D, and be more likely to exit the market. Tariff cuts worsen access 

to finance for small firms, exacerbating these effects. As in Egger and Keuschnigg 

(2015), the paper does not study the firm decision of whether to export, or compare 

exporting firms to non-exporting firms, which is a central distinction to our empirical 

result and theoretical explanation.  

The next section of the paper presents empirical work supporting our stylized fact. 

Section 3 presents the benchmark theoretical model. Section 4 uses numerical solutions 

to demonstrate that the model can explain the key facts, along with sensitivity analyses 

to explore the mechanism. Section 5 concludes. 

2. Empirical Motivation 

We use a panel dataset from Compustat, which covers the financial data of public U.S. 

manufacturing firms from 1975 to 2014, to study the relationships of firm financing, 

innovation and exporting activities. 5  Since our interest focuses on firms’ choice 

between debt and equity financing, the leverage ratio in the benchmark model is 

defined as book debt to total assets, where book debt is defined as total asset minus 

book equity. We also consider measures of debt with varying maturities: short-term 

 
5 The sample includes manufacturing firms (SIC: 2000-3999), where we drop firms that appear only once 
in the sample, have missing values for explanatory variables, and have negative values for the foreign 
income variable. 
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borrowing, long-term debt, debt in current liabilities, and book debt minus short-term 

borrowing.6 We measure firm innovation with its expenses on R&D. See Table 1 for 

summary statistics. 

2.1 Innovation 

To investigate the relation between innovation and exporting decisions, we estimate 

panel regressions below: 

𝑅𝐷௜௧ = 𝛼଴ + 𝛼ଵ𝑠𝑖𝑧𝑒௜௧ + 𝛼ଶ𝐷_𝑒𝑥𝑝௜௧ + 𝛼ଷ𝑠𝑖𝑧𝑒௜௧ ∗ 𝐷_𝑒𝑥𝑝௜௧ + 𝐹௜ + 𝜙௧ + 𝜀௜௧ 

where 𝑅𝐷௜௧ is the log of R&D expenses of firm i, and 𝑠𝑖𝑧𝑒௜௧ is measured as the log of 

net sales of firm i. The regressor 𝐷_𝑒𝑥𝑝௜௧ indicates if the firm is an exporter. To allow 

for the possibility that firm size has a distinct effect on the innovation investment of 

exporters and non-exporters, we introduce a term interacting the measure of firm size 

with the firm’s export status. We also include a firm fixed effect 𝐹௜ to control for the 

large set of firm-specific characteristics that may influence a firm’s choice of R&D 

investment, such as industry and other firm characteristics that do not vary over time. 

A time fixed effect 𝜙௧ is included to help control for common trends and business cycle 

fluctuations.  

Estimates are presented in Column (2) of Table 2, indicating that size is 

significantly and positively correlated with innovation expense (𝛼ଵ > 0, significant at 

the 1% level). The estimate indicates that as the firm size doubles, the R&D expense 

increases about 0.478 percentage points on average. This is not a surprise, as a standard 

 
6 Short-term borrowing represents the approximate average aggregate short-term financing outstanding 
during the company’s reporting year, which is usually in the form of lines of credit with banks. Long-
term debt represents debt obligations due more than one year from the company’s balance sheet date or 
due after the current operating cycle. Debt in current liabilities represents the total amount of short-term 
notes and the current portion of long-term debt that is due in one year. 
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finding in the innovation literature is that firm size raises innovation (see 

Gorodnichenko and Schnitze, 2010).  

Regression results also indicate that innovation rises with firm size faster for 

exporters than for non-exporters (𝛼ଷ > 0, significant at the 1% level). However, the 

coefficient on export status is negative and significant (𝛼ଶ < 0, significant at the 1% 

level). This indicates that for small exporters, innovation is lower than for non-exporters 

with comparable size. But for sufficiently large exporters, innovation for exporters is 

higher than for comparable non-exporters.   

The critical size at which an exporter will begin to have higher innovation is easily 

computed as −
ఈమ

ఈయ
. Regarding the level of innovation in Column (2), this critical size 

cutoff is 4.70; examination of average firm characteristics from Table 1 indicates that 

for an exporting firm with average size (6.617), its innovation is higher than if it were 

a non-exporter.  We conclude that for an exporter of average size, its export status will 

make it do more innovation than if it were not an exporter. Further, this higher 

innovation of exporters can be attributed to the nonlinear effect of firm size on 

innovation for exporters.  

2.2 Leverage  

Next, we investigate the relation between capital structure, innovation and trade 

decisions by estimate the panel regressions below: 

𝐿𝐸𝑉௜௧ = 𝛼଴ + 𝛼ଵ𝑅𝐷௜௧ + 𝛼ଶ𝑠𝑖𝑧𝑒௜௧ + 𝛼ଷ𝐷_𝑒𝑥𝑝௜௧ + 𝛼ସ𝑅𝐷௜௧ ∗ 𝐷_𝑒𝑥𝑝௜௧ + 𝐹௜ + 𝜙௧ + 𝜀௜௧ 

where 𝐿𝐸𝑉௜௧ is the leverage ratio of firm i. All other controls are the same as above. To 

allow for the possibility that R&D investment has a distinct effect on the capital 

structure of exporters and non-exporters, we also introduce a term interacting the 

measure of R&D investment with the firm’s export status.  
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Estimates are presented in Column (1) of Table 3. Regression results indicate that 

the coefficient on R&D investment is negative and significant (𝛼ଵ < 0, significant at 

the 1% level), showing that increased R&D is associated with falling long-term 

leverage ratios. This indicates that R&D investment is mainly financed by internal 

funding rather than external funding, supported in Column (3). However, the 

coefficient on the interaction term between export dummy and R&D investment is 

positive, suggesting that the reliance of R&D on external financing rises with a firm’s 

exporting status, controlling for firm size. This indicates that for non-exporters, 

innovation is mainly financed through internal financing sources, while for exporters 

innovation may be primarily financed through external financing. 

 Similar to Bergin et al. (2021), there is a size effect in firm leverage ratio in that 

size is significantly and positively correlated with the leverage ratio (𝛼ଶ > 0, significant 

at the 1% level). We also find that exporters have lower leverage ratios than their 

comparable non-exporter peers (𝛼ଷ < 0, significant at the 1% level). However, the 

pattern is different when exporters raise their R&D investment, controlling for firm size, 

which increases their leverage ratio (𝛼ସ > 0, significant at the 1% level).7  

The estimates in Table 3 indicate that firm leverage ratios are heterogeneous 

among firms, and in particular differ between large exporters and small non-exporters. 

This characterization resembles the empirical finding for the R&D regressions, 

showing that R&D expenditure differed between large and small exporters. We claim 

that the pattern in firm leverage is consistent with firms choosing capital structure to 

relax financial constraints on working capital associated with exporting and R&D 

activities.  

 
7  Estimates are little changed if we expand the regression to include an interaction term of size and 
exporter status. 
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In order to interpret the three-way interaction of trade, innovation and firm 

financing, we need a theoretical model describing how firms make the joint decisions 

of capital structure adjustment, innovation and exporting.  

3. Benchmark Model 

The model considers a small open economy, where the home country is in financial 

autarky, but trades goods with the rest of world. The analysis will focus on the steady 

state solution to the dynamic model defined below, in which aggregate variables do not 

change over time.   

3.1 Goods market structure 

The final good (𝑌௧) is produced under perfect competition using intermediate goods, 

both domestically produced and imported, with a CES production function  𝑌௧ =

൤(𝑌௧
஽)

഑షభ

഑ + ൫𝑌௧
ଡ଼∗

൯
഑షభ

഑ ൨

഑
഑షభ

, where 𝑌௧
௑∗

 represents foreign exports (home imports), which 

we treat as a standardized unit without varieties, and 𝑌௧
஽  is a composite of all 

domestically produced varieties of intermediate goods, given by 𝑌௧
஽ =

൤∫ (𝑦௧
௡௫(𝑧̂௜௧))

഑షభ

഑ 𝑑𝑖
⬚

୧∈ூ೟
೙ೣ + ∫ ൫𝑦௧

௫ௗ(𝑧̂௜௧)൯
഑షభ

഑ 𝑑𝑖
⬚

୧∈ூ೟
ೣ ൨

഑
഑షభ

. The subscript 𝑛𝑥  denotes the 

activity of a non-exporter, while 𝑥𝑑 denotes the domestic activity (𝑑) of the exporter 𝑥. 

We assume a one-to–one correspondence between a home intermediate variety and 

a firm producing it, indexed by 𝑖. Firms are heterogeneous in their initial productivity, 

𝑧௜௧, and the productivity after R&D investment, 𝑧̂௜௧. Let 𝐼௧
௫ represent the set of indexes 

of firms that export, and 𝐼௧
௡௫ the set of firms that are non-exporters. For an exporting 

firm, i ∈ 𝐼௧
௫ , we denote the amount of production sold in the domestic market as 

𝑦௧
௫ௗ(𝑧̂௜௧), and the amount for exports as 𝑦௧

௫௫(𝑧̂௜௧). Production of a non-exporting firm 

is 𝑦௧
௡௫(𝑧௜).  
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The corresponding price index (𝑃௧) is: 

 𝑃௧ = ቂ∫ (𝑝௧
௡௫(𝑧̂௜௧))ଵିఙ𝑑𝑖

⬚

୧∈ூ೟
೙ೣ + ∫ ൫𝑝௧

௫ௗ(𝑧̂௜௧)൯
ଵିఙ⬚

୧∈ூ೟
ೣ + ൫𝑃௧

௑∗
൯

ଵିఙ
ቃ

భ
భష഑

        (1) 

and the implied relative demand functions for different products are: 

𝑦௧
௡௫(𝑧̂௜௧) = ቀ

௣೟
೙ೣ(௭̂೔೟)

௉೟
ቁ

ିఙ

𝑌௧                                      (2) 

𝑦௧
௫ௗ(𝑧̂௜௧) = ൬

௣೟
ೣ೏(௭̂೔೟)

௉೟
൰

ିఙ

𝑌௧,                                      (3) 

where 𝑝௧
௡௫(𝑧̂௜௧) , 𝑝௧

௫ௗ(𝑧̂௜௧)  and 𝑃௧
௑∗

are the domestic market prices of the products 

produced by a home non-exporter, home exporter and foreign exporter, respectively.  

The corresponding foreign market demand for domestic exports (𝑦௧
௫௫(𝑧̂௜௧)) is 

 𝑦௧
௫௫(𝑧̂௜௧) = ቀ

௣೟
ೣೣ(௭̂೔೟)

௉೟
∗ ቁ

ିఙ∗

𝑌௧
∗ = ቀ

௣೟
ೣೣ(௭̂೔೟)

௉೟
ቁ

ିఙ∗

ቀ
௉೟

௉೟
∗ቁ

ିఙ∗

𝑌௧
∗ (4) 

where 𝑝௧
௫௫(𝑧̂௜௧) is the foreign market price for home exporter with a productivity 𝑧̂௜௧. 

𝑃௧
∗ is the foreign price index, and 𝑌௧

∗ is the foreign market size. The elasticity of demand 

facing firms in the world market (𝜎∗) may be distinct from that in the home market (𝜎).   

3.2 Intermediate goods sector 

3.2.1 Firm dynamics 

Firms are assigned a random productivity level, 𝑧௜ , from a common cumulative 

distribution function 𝐺(𝑧) before R&D investment. 8 Entrants have to pay a one-time 

sunk cost, 𝐾௧
ா, if they decide to produce and sell in the domestic market. A potential 

exporter must pay a one-time sunk export entry cost, 𝐾௧
ா௑ if they decide to sell in the 

foreign market. We view both of these sunk costs as including a mix of intangible and 

physical capital.  

 
8 It is similar to Eaton and Kortum (2002) where the set of goods is exogenously given. For the numerical 
analysis firms’ idiosyncratic productivity before R&D investment follows a Pareto distribution with a 
cumulative distribution function of G(z), where 𝐺(𝑧) = 1 − 𝑧ିఏ . 
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Since our study is limited to the partial equilibrium in the steady-state case with 

no aggregate shocks and fixed assigned initial firm productivity, we follow Melitz 

(2003) in specifying endogenous firm exit only at the initial point of assigned 

productivity. The only reason for exit of a producing firm is if it is hit by an exogenous 

death shock. The entry decisions to domestic and export markets determine the cut-off 

productivity levels of the marginal domestic producers, 𝑧ௗ௧, and the marginal exporters, 

𝑧௫௧, respectively.   

Each period a firm must pay a fixed cost 𝑤௧𝑓௧
ௗ to produce domestically, and an 

extra fixed cost 𝑤௧𝑓௧
௫ if it also chooses to export.9 The cost of investment in R&D is 

quadratic as in Aghion et al (2024), given by 𝑅D(𝑘௜௧) = 𝑤௧ ቀ𝑐ூ𝑘௜௧ +
ଵ

ଶ
𝑐ூଶ𝑘௜௧

ଶ ቁ, where 

𝑐ூ and 𝑐ூଶ are the parameters associated with the variable R&D investment (𝑘௜௧). The 

direct benefit from the investment in R&D is to improve the productivity of firm 𝑖 in 

the period, and we assume that 𝑧̂௜௧ = ቀ
ଵ

௭೔೟
− 𝜀𝑘௜௧ቁ

ିଵ

, where 𝜀 is the sensitivity of the 

productivity improvement to firm innovation. 10 This functional form is consistent with 

the finding in Maican et al. (2023) which find R&D spending has a larger impact on 

firm productivity in the export market than in the domestic market. 

3.2.2 Firm enforcement constraint 

 
9 Since we only analyze a non-stochastic steady state of the model, the usual dynamic distinction between 
sunk and per-period fixed costs does not apply. The only operative distinction here between the two cost 
is how they are financed; the fixed cost must be financed by working capital loans each period by 
assumption, while the one-time sunk cost does not. 
10 Note, both the cost and the benefit of innovation are convex in R&D investment. For the costs, we 

have that R&D spending increases with firm innovation as 
డோୈ(௞೔೟)

డ௞೔೟
= 𝑤௧(𝑐ூ + 𝑐ூଶ𝑘௜௧) > 0 , and the 

second-order derivative is positive as well with  
డమோୈ(௞೔೟)

డ(௞೔೟)మ = 𝑤௧𝑐ூଶ > 0. For the benefits, we have that the 

productivity rises with the R&D investment as  
డ௭̂೔೟

డ௞೔೟
= 𝜀 ቀ

ଵ

௭೔೟
− 𝜀𝑘௜௧ቁ

ିଶ

> 0, and the larger the initial 

productivity, the larger the marginal benefit of R&D investment on firm productivity as the second-order 

derivative is positive as well with  
డమ௭̂೔೟

డ(௞೔೟)మ = 2(𝜀)ଶ ቀ
ଵ

௭೔೟
− 𝜀𝑘௜௧ቁ

ିଷ

> 0.  
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Following Jermann and Quadrini (2009, 2012), we assume that firm 𝑖 uses debt (𝑏௧
௝(𝑧̂௜௧)) 

and equity (𝑞௧
௝(𝑧̂௜௧)), 𝑗 = 𝑛𝑥, 𝑥 , to finance production, where debt is preferred to equity 

because of a tax-shield advantage. The subscript 𝑛𝑥  denotes the activity of a non-

exporter, while 𝑥 denotes the activity of an exporter. The effective gross interest rate 

for the debt is 𝑅௧ = 1 + 𝑟௧(1 − 𝜏), where 𝜏 is the tax rate on corporate income.  

Firms must make factor payments, including variable and fixed production costs 

and innovation costs, at the beginning of each period before the realization of revenue. 

Therefore, in addition to the inter-temporal debt, a firm must borrow an intra-period 

loan to pay a certain portion of the production cost in advance. The intra-period loans 

for a non-exporter is given by: 

𝑙𝑜𝑎𝑛௧
௡௫(𝑧̂௜௧) = 𝜙ௗ𝑤௧[𝑙௧

௡௫(𝑧̂௜௧) + 𝑓௧
ௗ] + 𝜙ோ஽,ௗ𝑤௧ ൤൬𝑐ூ𝑘௧

௡௫(𝑧̂௜௧) +
1

2
𝑐ூଶ൫𝑘௧

௡௫(𝑧̂௜௧)൯
ଶ

൰൨ 

and for exporter is given by: 

𝑙𝑜𝑎𝑛௧
௫(𝑧̂௜௧) = 𝜙ௗ𝑤௧൫𝑙௧

௫ௗ(𝑧̂௜௧) + 𝑓௧
ௗ൯ + 𝜙௫𝑤௧൫𝑙௧

௫ௗ(𝑧̂௜௧) + 𝑓௧
ௗ൯

+ 𝜙ோ஽,௫𝑤௧ ൤൬𝑐ூ𝑘௧
௫(𝑧̂௜௧) +

1

2
𝑐ூଶ൫𝑘௧

௡௫(𝑧̂௜௧)൯
ଶ

൰൨ 

where 𝑤௧  is the level of real wage. 𝑙௧
௫௫(𝑧̂௜௧)  and 𝑙௧

௫ௗ(𝑧̂௜௧)  are the labor inputs by 

exporters for the production in the export and domestic markets, respectively. 𝑙௧
௡௫(𝑧̂௜௧) 

is the labor inputs by non-exporters.  

    For non-exporters, 𝜙ௗ represents the externally financed fraction of production cost, 

and 𝜙ோ஽,ௗ  represents the externally financed fraction of R&D cost. Similarly, for 

exporters, 𝜙௫ is the externally financed fraction of production cost, and 𝜙ோ஽,௫ is the 

externally financed fraction of R&D cost. The intra-period loan is repaid at the end of 

each period with no interest. The empirical findings above suggest that exporters may 

more easily obtain external funds for financing innovation than non-exporters, and 

hence are able to borrow more to finance innovation, such that 𝜙ோ஽,௫ > 𝜙ோ஽,ௗ. 
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Because firms may default on their debt repayments, their access to intra-temporal 

loans for use as working capital is restricted by an enforcement constraint. For non-

exporters, this constraint is:  

𝜉௧𝐸௧ൣ𝑚௧ାଵ𝑉௧ାଵ
௡௫ ൫𝑏௧

௡௫(𝑧̂௜௧)൯൧ ≥ 𝜙ௗ𝑤௧[𝑙௧
௡௫(𝑧̂௜௧) + 𝑓௧

ௗ] + 𝜙ோ஽,ௗ𝑤௧ ൤൬𝑐ூ𝑘௜௧ +
1

2
𝑐ூ𝑘௜௧

ଶ ൰൨ 

and for the exporters, the constraint is: 

𝜉௧𝐸௧ൣ𝑚௧ାଵ𝑉௧ାଵ
௫ ൫𝑏௧

௫(𝑧̂௜௧)൯൧ ≥ 𝜙ௗ𝑤௧൫𝑙௧
௫ௗ(𝑧̂௜௧) + 𝑓௧

ௗ൯ + 𝜙௫𝑤௧൫𝑙௧
௫ௗ(𝑧̂௜௧) + 𝑓௧

ௗ൯ 

+𝜙ோ஽,௫𝑤௧ ቂቀ𝑐ூ𝑘௜௧ +
ଵ

ଶ
𝑐ூ𝑘௜௧

ଶ ቁቃ                   (5) 

As in Bergin et al. (2018b), the collateral available to firms in securing their working 

capital is the end-of-period firm value, 𝐸௧ ቂ𝑚௧ାଵ𝑉௧ାଵ
௝

ቀ𝑏௧
௝(𝑧̂௜௧)ቁቃ, where 𝑚௧ାଵ =

ଵ

ଵା௥೟శభ
 

is the discount factor. The firm’s equity value 𝑞௧
௝(𝑧̂௜௧) is the end-of-period firm value, 

𝐸௧ ቂ𝑚௧ାଵ𝑉௧ାଵ
௝

ቀ𝑏௧
௝(𝑧̂௜௧)ቁቃ, where 𝑗 = 𝑛𝑥, 𝑥.   

Although increasing the level of R&D can boost firms' productivity and equity 

value, the enforcement constraints, as shown in Eq. (5), reveal a trade-off between R&D 

investment and the costs of external funding. While increased R&D investment can 

enhance firms' productivity and production, it also raises production and R&D costs 

and may tighten firms’ financial constraint. To relax the constraint, firms may raise 

their collateral equity value by reducing their debt issuance and switching from cheaper 

long-term debt financing to more expensive equity financing. 

3.2.3 Firm production and pricing 

Each firm produces a unique variety, requiring only one factor, labor. The production 

functions for different types of firms are thus given by 

𝑦௧
௡௫(𝑧̂௜௧) = 𝐴௧𝑧̂௜௧𝑙௧

௡௫(𝑧̂௜௧)                                                (6) 

𝑦௧
௫ௗ(𝑧̂௜௧) = 𝐴௧𝑧̂௜௧𝑙௧

௫ௗ(𝑧̂௜௧)                                                (7) 
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௬೟
ೣೣ(௭̂೔೟)

ଵିఛೣ
= 𝐴௧𝑧̂௜௧𝑙௧

௫௫(𝑧̂௜௧)                                                   (8) 

where 𝐴௧ is the aggregate productivity common to all firms, 𝜏௫ is the iceberg cost for 

firms engaged in exports, 𝑙௧
௫௫(𝑧̂௜௧) and 𝑙௧

௫ௗ(𝑧̂௜௧) are the labor inputs by exporters for the 

production in the export and domestic markets, respectively. 𝑙௧
௡௫(𝑧̂௜௧) is the labor inputs 

by non-exporters.  

Firm dividends for non-exporters are: 

𝑑௧
௡௫(𝑧̂௜௧) =

𝑝௧
௡௫(𝑧̂௜௧)𝑦௧

௡௫(𝑧̂௜௧)

𝑃௧
− 𝑤௧[𝑙௧

௡௫(𝑧̂௜௧) + 𝑓௧
ௗ] − ቈ𝑏௧ିଵ

௡௫ (𝑧̂௜௧ିଵ) −
𝑏௧

௡௫(𝑧̂௜௧)

𝑅௧
቉ 

−𝑤௧ ቂቀ𝑐ூ𝑘௧
௡௫(𝑧̂௜௧) +

ଵ

ଶ
𝑐ூଶ൫𝑘௧

௡௫(𝑧̂௜௧)൯
ଶ

ቁቃ                               (9) 

and for exporters are 

     𝑑௧
௫(𝑧̂௜௧) =

௣೟
ೣ೏(௭̂೔೟)௬೟

ೣ೏(௭̂೔೟)

௉೟
+

௣೟
ೣೣ(௭̂೔೟)௬೟

ೣೣ(௭̂೔೟)

௉೟
− 𝑤௧[𝑙௧

௫ௗ(𝑧̂௜௧) + 𝑙௧
௫௫(𝑧̂௜௧)] − 𝑤௧[𝑓௧

ௗ +

𝑓௧
௫] − ቂ𝑏௧ିଵ

௫ (𝑧̂௜௧ିଵ) −
௕೟

ೣ(௭̂೔೟)

ோ೟
ቃ − 𝑤௧ ቂቀ𝑐ூ𝑘௧

௫(𝑧̂௜௧) +
ଵ

ଶ
𝑐ூଶ൫𝑘௧

௫(𝑧̂௜௧)൯
ଶ

ቁቃ               

(10)
 

A firm with productivity 𝑧௜௧  chooses pricing rule,  𝑝௧
௝(𝑧̂௜௧) , dividend payout, 

𝑑௧
௝(𝑧̂௜௧), new debt issuance, 𝑏௧

௝(𝑧̂௜௧), and R&D investment 𝑘௧
௝(𝑧̂௜௧) to maximize the 

beginning-of-period firm value ( 𝑉௧
௝

ቀ𝑏௧
௝(𝑧̂௜௧)ቁ ) with productivity 𝑧̂௜௧   after R&D 

investment:  

𝑉௧
௝(𝑧̂௜௧) = 𝑚𝑎𝑥ถ ൤𝑑௧

௝(𝑧̂௜௧) + 𝐸௧ ቂ𝑚௧ାଵ𝑉௧ାଵ
௝

ቀ𝑏௧
௝(𝑧̂௜௧)ቁቃ൨

௣೟
ೕ
(௭̂೔೟),ௗ೟

ೕ
(௭̂೔೟),௕೟

ೕ
(௭̂೔೟),௞೟

ೕ
(௭̂೔೟)

, 𝑗 = 𝑛𝑥, 𝑥    (11) 

subject to the enforcement constraint, (Eq. 5), market demand, (Eqs. 2-4), production 

technology (Eq. 6-8), and the cash flow, (Eqs. 9-10). 

The first-order conditions for the non-exporters are: 

௣೟
೙ೣ(௭̂೔೟)

௉೟
=

ఙ

ఙିଵ
ቀ1 + 𝜙ௗ𝜇௧

௡௫(𝑧̂௜௧)ቁ
௪೟

஺೟௭̂೔೟
                                  (12) 
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𝜇௧
௡௫(𝑧̂௜௧) =

భ

ೃ೟
ିா೟[௠೟శభ]

ா೟[௠೟శభ]క೟
                                                             (13) 

ቂ
௣೟

೙ೣ(௭̂೔೟)

௉೟
ቃ

ିఙ
௒೟

஺೟
𝜀(1 + 𝜇௧

௡௫(𝑧̂௜௧)𝜙ௗ) = (𝑐ூ + 𝑐ூଶ𝑘௜௧)(1 + 𝜇௧
௡௫(𝑧̂௜௧)𝜙ோ஽,ௗ)      (14) 

The three equations define respectively for the pricing rule for goods price 
௣೟

೙ೣ(௭̂೔೟)

௉೟
, the 

Lagrange multiplier associated with the enforcement constraint  𝜇௧
௡௫(𝑧̂௜௧) , and the 

innovation spending of non-exporters 𝑘௧
௡௫(𝑧̂௜௧). 

The first-order conditions for the exporters are similar, 

௣೟
ೣ೏(௭̂೔೟)

௉೟
=

ఙ

ఙିଵ
ቀ1 + 𝜙ௗ𝜇௧

௫(𝑧̂௜௧)ቁ
௪೟

஺೟௭̂೔೟
                                       (15) 

௣೟
ೣೣ(௭̂೔೟)

௉೟
=

ఙ∗

ఙ∗ିଵ

ଵ

ଵିఛೣ
൫1 + 𝜙௫𝜇௧

௫(𝑧̂௜௧)൯
௪೟

஺೟௭̂೔೟
                                 (16) 

𝜇௧
௫(𝑧̂௜௧) =

భ

ೃ೟
ିா೟[௠೟శభ]

ா೟[௠೟శభ]క೟
                                                                    (17) 

In particular, the condition for the R&D investment of the exporters is given by: 

ቊቈ
𝑝௧

௫ௗ(𝑧̂௜௧)

𝑃௧
቉

ିఙ
𝑌௧

𝐴௧

(1 + 𝜇௧
௫(𝑧̂௜௧)𝜙ௗ) + ቈ

𝑝௧
௫௫(𝑧̂௜௧)

𝑃௧
቉

ିఙ∗

ቆ
𝑃௧

𝑃௧
∗ቇ

ିఙ∗
𝑌௧

∗

𝐴௧

(1 + 𝜇௧
௫(𝑧̂௜௧)𝜙௫)ቋ 𝜀 

= (𝑐ூ + 𝑐ூଶ𝑘௜௧)(1 + 𝜇௧
௫(𝑧̂௜௧)𝜙ோ஽,௫)              (18) 

3.2.4 The entry condition for the marginal firm 

With the presence of domestic entry cost (𝐾௧
ா) , the entry conditions for the marginal 

entrant to domestic market is given by 

ቄ
௣೟

೙ೣ(௭̂೏೟)௬೟
೙ೣ(௭̂೏೟)

௉೟
− 𝑤௧[𝑙௧

௡௫(𝑧̂ௗ௧) + 𝑓௧
ௗ] − 𝑤௧ ቂ𝑓௧

ோ஽ + ቀ𝑐ூ𝑘௧
௡௫(𝑧̂ௗ௧) +

ଵ

ଶ
𝑐ூଶ൫𝑘௧

௡௫(𝑧̂ௗ௧)൯
ଶ

ቁቃቅ +
௕೟

೙ೣ(௭̂೏೟)

ோ೟
+ 𝑞௧

௡௫(𝑧̂ௗ௧) = 𝐾௧
ா            (19) 

The first bracket captures the operational profit from running in domestic market. 

The terms 𝑞௧
௡௫(𝑧̂ௗ௧) and 

௕೟
೙ೣ(௭̂೏೟)

ோ೟
 are the end-of-period equity value and firm debt value 

respectively. Altogether, they represent the beginning-of-period firm value, whose 
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relative size to the sunk entry cost, 𝐾௧
ா, determines potential entrants’ entry decisions 

to domestic market. 

An additional one-time sunk export entry cost, 𝐾௧
ா௑ implies a marginal exporter 

whose extra firm value from being an exporter than being a non-exporter must be 

sufficiently large to cover the sunk entry investment in the export market,  

௣೟
ೣೣ(௭̂ೣ೟)௬೟

ೣೣ(௭̂ೣ೟)

௉೟
− 𝑤௧𝑙௧

௫௫(𝑧̂௫௧) − 𝑤௧𝑓௧
௫ − 𝑤௧ ቂቀ𝑐ூ𝑘௧

௫(𝑧̂௫௧) +
ଵ

ଶ
𝑐ூଶ൫𝑘௧

௫(𝑧̂௫௧)൯
ଶ

ቁ −

ቀ𝑐ூ𝑘௧
௡௫(𝑧̂௫௧) +

ଵ

ଶ
𝑐ூଶ൫𝑘௧

௡௫(𝑧̂௫௧)൯
ଶ

ቁቃ +
௕೟

ೣ(௭̂ೣ೟)

ோ೟
−

௕೟
೙ೣ(௭̂ೣ೟)

ோ೟
+ 𝑞௧

௫(𝑧̂௫௧) − 𝑞௧
௡௫(𝑧̂௫௧) =

𝐾௧
ா௑            (20) 

These entry conditions with the financial enforcement constraints together determine 

the cut-off productivity levels, 𝑧ௗ௧ and 𝑧௫௧, for being a new non-exporter and a new 

exporter, respectively.  

3.3 Analytical relations between firm innovation, exporting and financial 

constraints 

In this section, we will interpret the first-order condition regarding R&D expenditure 

to get insight regarding how firm innovation decisions are closely linked to firm 

exporting status and financial constraints. To emphasize the importance of financial 

constraints in our model and to support our empirical findings, we compare two 

scenarios: one without any financial constraints and one with financial constraints on 

working capital financing. The following analysis will focus on the steady-state of the 

dynamic model constructed above, and we will drop the time subscript in the 

subsequent context. 
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(1) A financial frictionless world 

We first consider the case where firms have no financial constraint. In such a case, it 

would always be that 𝜇௝(𝑧̂௫) = 0. We will show that the firm will always engage in 

more innovation as an exporter compared to being a non-exporter because an exporter 

gains additional benefits from export sales, such that 𝑘௡௫(𝑧̂௫
௡௫) < 𝑘௫(𝑧̂௫

௫), and 𝑧̂௫
௡௫ <

𝑧̂௫
௫.  The reasoning is as follows.   

For this given firm with the marginal productivity of 𝑧௫, the first-order conditions 

(FOCs) with respect to R&D for being a non-exporter and being an exporter are 

respectively given by Eqs. (14) and (18), with 𝜇௞ = 0, 𝑘 = 𝑥, 𝑛𝑥. The LHS and RHS in 

each equation are the marginal benefit and marginal cost of doing innovation, 

respectively.  

Suppose the non-exporter and the new exporter choose the same amount of 

innovation, 𝑘௡௫(𝑧̂௫
௡௫) = 𝑘௫(𝑧̂௫

௫). According to the FOCs of Eqs. (14) and (18), the 

marginal cost of innovation will be identical. However, the marginal benefit is larger 

for the new exporter since it gains additional sales benefit from exporting, which will 

motivate the new exporter to innovate more than a comparable non-exporter, even if 

they both have the same marginal productivity. It is worth pointing out that, with the 

same amount of innovation, the domestic benefits are identical as the two firms will 

have identical post-innovation productivity (𝑧̂௫
௡௫ = 𝑧̂௫

௫), charge the same product prices 

in the domestic market and hence have identical domestic sales, as shown in the 

innovation-productivity function, Eqs. (12) and (15), and the market demand functions, 

Eqs. (2) and (3).  

(2) A financially constrained world 
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In a world with financial constraint where 𝜇௝(𝑧̂௫) > 0 , if a marginal firm chooses to 

be an exporter, and 𝜙ோ஽,௫ is sufficiently larger than 𝜙ோ஽,௡௫, which capture the external 

financing reliance of innovation cost for the exporters and non-exporters respectively, 

the new exporter may engage in less innovation as the finding in the empirical study, 

when the marginal cost of innovation rises more than that of the marginal benefit of 

innovation as a new exporter.  

    To illustrate this, we first look at the case where the non-exporters and exporters have 

identical external reliance on R&D financing,  𝜙ோ஽,ௗ = 𝜙ோ஽,௫. Again, suppose the two 

types of firms make identical innovation investment. From the FOCs on R&D 

investment, Eqs. (14) and (18), we notice that they would have identical marginal cost 

of innovation, as well as identical pricing and production in domestic market. The only 

difference is that the new exporter has additional sales from the foreign market, which 

raises the marginal benefit of innovation for the new exporter. As a result, the new 

exporter is more willing to do innovation. 

However, if exporters’ external reliance on R&D financing is sufficiently larger 

than that of non-exporters,  𝜙ோ஽,௫ ≫ 𝜙ோ஽,ௗ,  the same innovation would lead to much 

larger marginal cost for being a new exporter than being a non-exporter. This may 

reduce the marginal benefit gained from selling abroad, causing the exporter to do less 

innovation than a comparable non-exporter. This analysis suggests a type of 

substitutability between exporting and innovation activities for small exporters.  

4. Quantitative Analysis 

It is not possible in the current model environment to solve for analytical relationships 

between R&D investment and endogenous capital structure, so we rely upon numerical 

simulation and sensitivity experiments to illustrate the mechanism at work. Given that 
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the empirical facts are cross-sectional in nature, our strategy is to solve numerically for 

the steady state of the model, which provides a stationary distribution of firm 

innovation and leverage ratios.   

4.1 Parameter values 

Most trade-related parameters are taken from the literature. Following Ghironi and 

Melitz (2005), the Pareto distribution parameter, domestic and export market 

substitution elasticities are set at θ = 3.8 and 𝜎 = 𝜎∗ = 3.8, respectively. Following 

Bergin et al. (2021), the iceberg trade cost is set at τ௫ = 0.16. The sunk cost of 

domestic firm entry is normalized (𝐾௧
ா = 1), as its absolute level does not affect the 

model implications for the ratios reported below.  

Given that we solve a partial equilibrium in this small open economy, foreign 

export prices 𝑃௫∗
, foreign consumer price 𝑃∗, home price index 𝑃, home wage 𝑤 and 

home national income 𝑌  are all exogenously given, setting at 𝑃௫∗
= 1,  𝑃∗ = 0.16, 

𝑃 = 0.4230, 𝑤 = 1.9754 and 𝑌 = 0.8025, following Bergin et al. (2021). We also 

follow trade literature in setting the rest of world income at 5 times that of the small 

open economy (𝑌∗ = 5𝑌, see Feenstra et al., 2018).  

Regarding parameters related to firm financing, some values we take directly from 

the finance literature. We follow Jermann and Quadrini (2012) to set the tax benefit 

parameter at τ = 0.35, which differentiates debt from equity financing. The exogenous 

death shock probability is set to λ = 0.005.11 Following the norm in the literature 

(Kohn et al., 2016), firms in the benchmark model calibration are required to externally 

finance a fraction of the value of working capital for domestic production (𝜙ௗ = 0.5), 

with a greater share of external financing for exports (𝜙௫ = 1.0). The higher value for 

 
11 This value is taken from Atkeson and Burstein (2010), who match the average annual employment-
based failure rate of U.S. firms with more than 500 employees, 1997-2002.  
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exporters reflects the idea that there is a larger lag time before firms receive revenue 

from export sales (Amiti and Weistein, 2011). Sensitivity analysis will explore 

implications of differing financing requirements for exports and domestic sales. 

For nine key parameters, we choose values to maximize the model’s fit to a set of 

outside target moments. The parameters chosen are: the fraction of firm value usable 

as collateral (𝜉), the benefit of R&D (𝜀), the domestic fixed costs (𝑓ௗ), the export fixed 

costs (𝑓௫), the export entry cost (𝐾ா௑), parameters associated with the variable R&D 

investment (CI  and CI2), and parameters governing the degree of external financing for 

R&D for exporters, (𝜙ோ஽௫and 𝜙ோ஽ௗ). 

These parameters are chosen by an algorithm minimizing a weighted sum of 

squared percent differences between moments for our data and moments generated 

from the model.12  The set of targeted moments includes the regression coefficients of 

R&D on size (0.470), export dummy (-0.394) and the interaction of size and export 

status (0.0838), from Table 2, as well as the regression coefficients of leverage ratio 

from Table 3 on R&D (-0.0216), size (0.0130), export dummy (-0.0144) and the 

interaction of R&D and export status (0.00978). We also include the average leverage 

ratio for exporters (0.438) and for non-exporters (0.39), as well as the share of firm that 

engage in export (0.17).  

See Table 4 for a full listing of parameter values. We take note that the moment-

fitting exercise selects the maximum value possible for the financial friction on R&D 

financing for exporters, 𝜙ோ஽,௫ = 1, while it chooses a value close to the minimum value 

of zero for the financial friction on R&D for non-exporters, 𝜙ோ஽,ௗ = 0.0011. Recall 

that these parameters indicate the share of expenditure on R&D that must be prepaid 

and financed using external financing. A very small value for domestic firms is 

 
12 See replication files for details of the minimization algorithm.   
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plausible, given that it coincides with the common notion that firms tend to finance 

R&D internally. A value of 1 for exporting firms warrants further explanation.  A 

higher value for exporters than non-exporters for this external financing parameter may 

be viewed as similar to the parallel parameters governing external financing of 

production activity for exporters and non-exporters, 𝜙ௗ and 𝜙௫. These we calibrated 

above based on outside estimates from Kohn et al. (2016) at 𝜙ௗ =0.5 and 𝜙௫ =1.0, 

respectively, reflecting estimates that exporters must pre-finance a greater share of their 

production activity, since they face a longer lag time in receiving revenue from export 

sales due to the greater shipping times involved in exporting (Amiti and Weistein, 

2011). A similar logic may apply to finance R&D, since firms do not receive profits in 

the current period in time to finance R&D spending. While the fitting algorithm 

indicates a value of 1 for 𝜙ோ஽,௫, best fits the full set of regression moments, sensitivity 

analysis to follow will show that a much more modest value for 𝜙ோ஽,௫ (around 0.2) is 

sufficient for the model to replicate the most important of our empirical facts, that an 

exporter engages in less R&D than a comparable non-exporter.  

The other fitted parameters are less remarkable. The sunk cost of exporting 

(𝐾ா௑ = 0.1599), the export fixed costs (𝑓௫ = 0.000123), the fraction of firm value 

usable as collateral (𝜉 = 0.0644), and the sensitivity of innovation cost (CI2 = 0.00076), 

and the benefit of R&D (ε = 0.000444). The estimates of the fixed cost of domestic 

production (𝑓ௗ) and the linear portion of the R&D cost function (CI) are approximately 

0.13 

 

 
13 In the case of 𝑓ௗ, the fitting algorithm presses closely against the lower bound of 0 imposed on the 
search. In the case of CI, a small negative value of -9xe-7 is found to be optimal. This serves to shift the 
cost function for R&D, which the fitting algorithm finds useful in fitting the empirical moments. We 

confirm that the value of the R&D cost ( 𝑐ூ𝑘௧
௝(𝑧̂௜௧) +

ଵ

ଶ
𝑐ூଶ ቀ𝑘௧

௝(𝑧̂௜௧)ቁ
ଶ

, 𝑗 = 𝑥, 𝑛𝑥 )  and the R&D 

investment (𝑘௧
௝(𝑧̂௜௧)) are both positive for all firms in our sample.  
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4.2 Benchmark Results 

This section reports the model’s main implications for R&D investment, leverage ratios, 

and the degree to which the model can replicate the facts uncovered in the empirical 

section.  

(1) Simulation regression coefficients 

Regression results reported in column (2) of Table 5 show that the simulation model is 

able to match the signs of all the regression coefficients from the empirical regressions; 

success in matching the magnitudes of coefficients varies. Of particular interest is the 

coefficient on the exporter dummy in the R&D regression in Panel A. The model 

generates a coefficient of -0.336, which is fairly close to the estimate from the empirical 

regression (-0.394). This estimate reiterates the implication from the empirical section 

that an exporter, when controlling for size of sales, has a lower level of R&D 

expenditure than a non-exporter. However, exporting still can promote R&D through 

its ability to augment sales. The regression coefficient on sales is positive (1.3307 vs. 

0.470 in data), and also for the coefficient on the interaction term of sales with 

exporting status (0.0189 vs. 0. 0838 in data). So, it appears that R&D rises even faster 

with sales for exporters.  

The simulated model also implies coefficients in the leverage ratio regression 

which match all the signs of those from the empirical regression (See Column 2 of 

Table 5 Panel B). The coefficient on R&D investment is negative (-0.0060 vs. -0.0216 

in data), showing that increased R&D is associated with falling long-term leverage 

ratios. This finding is consistent with the fact well documented in the literature that 

innovation investment relies more on internal financing than on external financing 

(Hall and Lerner, 2010). However, the positive coefficient on the interaction term 
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between export dummy and R&D investment (0.00144 vs. 0.00978 in data) also 

indicates that, the reliance of R&D on external financing rises with a firm’s exporting 

status. The coefficient on the exporter dummy is negative (-0.0267 v.s. -0.0144 in data), 

indicating that exporters on average have lower leverage ratios than comparable non-

exporters. The coefficient on firm size is positive (0.0080 v.s. 0.0130 in data), 

indicating the size effect in firm leverage ratios.  

(2) Cross-sectional Distributions 

Intuition for the model’s regression results can be gained by examining the cross-

sectional distributions of variables. See Figure 1 for plots. Foremost, see panel 1 

plotting the level of R&D for firms at each level of exogenous productivity level 𝑧௜.  

Given that firms are heterogeneous in only one dimension, 𝑧௜, there is a single cut-off 

level of productivity, 𝑧௜, at which a firm is indifferent between being an exporter or a 

non-exporter. So, it is at this margin that we can compare the behavior of an exporting 

firm and a comparable non-exporter in our simulation sample. Panel 1 of the figure 

shows that for this marginal firm, at  𝑧௫, it chooses a lower level of R&D spending 

when it is an exporter compared to when it is a non-exporter; that is, there is a 

downward jump in the R&D distribution line at the exporting margin. This jump 

reflects the negative sign of the coefficient in the R&D regression on the exporter 

indicator variable. 

 The figure shows corresponding jumps in financial variables at this exporting 

margin. There is a jump down in the leverage ratio of this firm when it is an exporter 

compared to non-exporter, reflecting the negative coefficient on the exporter indicator 

variable in the Leverage Ratio regression. This cut in log-term leverage comes from a 

higher level of equity and lower level of long-term bond debt, also observed as jumps 
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in the plot at the export margin. This restructuring of firm capital is in response to the 

rise in infratemporal loan observed in the figure. Exporters have greater working capital 

needs, due to the higher share of outside financing for production and R&D for 

exporters, and they adjust their capital structure to have a greater share of equity in 

order to use this as collateral. 

(3) Showing the mechanism: counterfactuals for the marginal exporting firm 

Further insight into the mechanism linking firm financing to the drop in R&D can be 

gained by studying the marginal exporting firm in more detail. In the steady state of the 

benchmark model, the export productivity cutoff is at 𝑧௫ =2.2075, and the marginal 

firm’s optimal R&D is at 𝑘௫(𝑧̂௫
௫) = 0.13704 if it chooses to export, and at 𝑘௡௫(𝑧̂௫

௡௫) =

0.16288 if choosing to be a non-exporter. We conduct a few counterfactuals based on 

firms with the cutoff productivity, 𝑧௫. 

Counterfactual Exercise #1: Marginal benefit v.s. marginal cost of innovation for 

the marginal firm 

We fix the firm’s productivity at the cutoff 𝑧௫, while allowing the firm to vary its 

innovation investment, and then calculate the marginal benefit and the marginal cost 

for this marginal firm, following Eq. (14) if the firm chooses to be a non-exporter and 

Eq. (18) if the firm chooses to be an exporter. Figure 2 plots the marginal benefit and 

the marginal cost for these two versions of the marginal firm. While it is true that the 

marginal benefit of R&D is greater for the exporter than the non-exporter due to the 

sales from foreign market, the marginal cost of R&D is also higher. As discussed in the 

analytical section 3.3 above, this higher cost of R&D arises from the larger reliance of 

innovation cost on external funds for exporters than for non-exporters, 𝜙ோ஽,ௗ ≫ 𝜙ோ஽,௫. 

Because of the higher marginal cost of R&D, the exporter chooses less R&D.  
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Counterfactual Exercise #2: Marginal firm exporting but choosing R&D level as 

if it were not exporting 

To understand the role of firm financing in the R&D decision,  we construct a 

hybrid counterfactual case for this marginal firm, where it is an exporter, but suppose 

it were to choose the same R&D as the non-exporter for this level of 𝑧௫ at 𝑘௡௫(𝑧̂௫
௡௫) =

0.16288  instead of 𝑘௫(𝑧̂௫
௫) = 0.13704. See the appendix B for an explanation of how 

we use the equilibrium condition to compute this counterfactual case. The higher R&D 

lowers marginal cost of production and hence price, which raises demand and 

production. Since production requires sufficient collateral, the higher innovation 

investment leads to the optimal capital structure decision to reduce bond issuance and 

raise equity value. But since this implies a loss of tax benefits associated with bond 

issuance, the rise in equity value is smaller than the fall in bond, and this implies a fall 

in the total firm value. Computation in the Appendix Table 1 shows that firm value for 

this counterfactual exporter falls slightly to 3.149498, compared to 3.149547 for the 

marginal exporter. Lower firm value indicates this is not the optimal firm decision. 

Further, taking this firm value to the export entry condition, it no longer is sufficient to 

cover the sunk cost of entry. We thus complete our proof by contradiction: the exporting 

version of the marginal firm must have lower R&D than the non-exporter; if it did not 

lower R&D, the adjustment in capital structure would imply a fall in total firm value 

that means the firm could not actually be the marginal exporter.  

In contrast, if the firm is willing to lower R&D, the reduction in required working 

capital allows for capital structure with more long-term bonds and hence higher firm 

value that justifies export entry. Total firm value thus is maximized as an exporter, but 

with a lower level of R&D. See Figure 3, where we plot the counterfactual exporter’s 

total firm value by varying its innovation investment, and assume binding financial 
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constraint.  The firm must choose between higher R&D or being an exporter. This is 

the sense in which exporting and R&D are substitutes in this model due to financial 

constraints.  

Counterfactual Exercise #3: Counterfactual firms exporting but choosing R&D 

level as if they were not exporting, for firms with different level of productivities 

This tradeoff between R&D investment and exporting is different for larger firms 

whose productivity 𝑧௜ is sufficiently high. For these firms, becoming an exporter does 

not require a fall in R&D to generate enough firm value to justify export entry. See 

Figure 4 where the vertical axis, F(z୧), is the firm value difference, net off export entry 

cost, between a counterfactual new exporter and a non-exporter, whose initial 

productivities are identical and whose innovation investment are both set at the optimal 

level of the non-exporter.14 Small exporters with low productivity have lower additional 

firm value than comparable non-exporters, and may need to cut innovation to raise firm 

value. In contrast, large exporters have sufficient additional firm values to cover export 

entry costs and do not need to cut their innovation to export. This implies that R&D and 

exporting are substitute for small exporters but not for large exporters. 

4.3 Sensitivity Analysis 

(1) The financial mechanism 

To explore the financial mechanism, we conduct sensitivity analysis for alternative 

parameterizations of the financial friction parameters. Column (3) of Table 5 reports 

the result where we assume no working capital is needed for any activity: 𝜙ௗ = 𝜙௫ =

𝜙ோ஽,ௗ = 𝜙ோ஽,௫ = 0. Regressions on data from simulating this version of the model 

 
14  𝐹(𝑧௜) = (1 + 𝑟)൫𝑞௫(𝑧̂௜

௡௫) − 𝑞௡௫(𝑧̂௜
௡௫)൯+𝑏௫(𝑧̂௜

௡௫)−𝑏௡௫(𝑧̂௜
௡௫) − 𝐾ா௑ , where 𝑧̂௜

௡௫  indicates that the 

productivity of Firm i chooses its optimal level of R&D in the case of not exporting. 
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show that the exporter dummy in the R&D regression remains negative, but its 

magnitude is cut in half: from -0.3357 to - 0.1547. This indicates that financial frictions 

account for about half of the negative effect of exporting on R&D (controlling for sales), 

with half of the effect coming from a different mechanism in the model separate from 

financing. This other mechanism will be taken up below.  

Another observation is that this alternative version of the model utterly fails to 

account for the heterogeneity of leverage among firms. The coefficients in the leverage 

regression all are zeros. This is because there is no benefit from equity holdings as 

financial collateral, so all firms choose 100% leverage since debt financing is cheaper 

than equity financing. This result indicates that financial frictions, while helpful in 

explaining the R&D result, are absolutely essential for the model’s success in 

replicating the leverage ratio coefficients.  

When we set financial frictions for R&D for exporters to be the same as non-

exporters (𝜙ோ஽,ௗ = 𝜙ோ஽,௫ = 0.0011), column (4) shows that the model generates a 

similarly low exporter dummy coefficient (-0.115) in the R&D regression as that above 

where all of the financial friction parameters are set to zero. This confirms that it is the 

financial friction on R&D that is essential for our result of substitution between 

innovation and exporting for small exporters. Columns (5) and (6) show that we get a 

very similar coefficient on the exporter dummy when both of the R&D financial 

frictions are calibrated at the same value, either at 1 or 0.5. This makes clear that what 

is required for the result is a difference in the financial friction for R&D between 

exporters and non-exporters, not a high value of financial friction for exporters, per se. 

While a value of 𝜙ோ஽,௫ =1 is chosen by the fitting algorithm fit the data best, it 

turns out that to get our key result of a fall in R&D for the marginal exporter, only a 

modest value of 𝜙ோ஽,௫ is needed. Figure 5 plots the optimal choices of R&D for the 
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marginal firm as exporter or non-exporter respectively, varying the value of 𝜙ோ஽,௫ , 

holding the value of 𝜙ோ஽,ௗ  at zero. As 𝜙ோ஽,௫ rises, the level of R&D chosen by the 

exporter falls, and eventually is lower than that of the non-exporters. The figure shows 

that value of only 0.2 is needed to imply the exporter choses a lower value of R&D 

than the non-exporter. 

To further identify the role of financial frictions on firm innovation, we examine 

the performance of the marginal exporter from the benchmark in two different financial 

settings, the benchmark setting with 𝜙ோ஽,ௗ = 0.0011, 𝜙ோ஽,௫ = 1, and the column (6) 

setting of Table 5 with  𝜙ோ஽,ௗ = 𝜙ோ஽,௫ = 0.0011. The benchmark marginal exporter 

has a productivity level of 𝑧௫ =2.2075. In the setting of column (6) of Table 5, the 

marginal productivity is  𝑧௫ =2.2068, which implies this benchmark marginal exporter 

now has productivity greater than the cutoff level in the column (6) setting. We find 

that, when financial friction on innovation for exporters is reduced from 𝜙ோ஽,௫ = 1 to 

𝜙ோ஽,௫ = 0.0011, this marginal exporter does more innovation, rising by 24.65%.  

(2) The functional form of innovation costs 

It was noted above that financial frictions account for about half of the magnitude of 

the exporter dummy in the R&D regression results. The other half comes from the 

particular functional form of R&D costs and benefits, which was taken directly from 

Aghion, et al. (2024).  The functional form of R&D benefits implies that a given 

amount of R&D expenditure (∆𝑘) lowers the marginal cost of production for a certain 

amount (𝜀∆𝑘) and hence raises firm productivity correspondingly. For firms with 

higher productivity and lower marginal cost to start with, a given drop in marginal cost 

presents a larger percentage drop in marginal cost, hence a lager proportionate gain. So, 

when the regression implicitly compares two firms while controlling for sales, where 
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one achieves this level of sales by exporting to the larger foreign market along with 

domestic sales, and the other purely through domestic sales, the latter firm must have 

a higher level of exogenous productivity. This implies that the firm will have larger 

gains from a given level of R&D expenditure and hence a stronger incentive to do R&D 

than exporters with equal sales.  

(3) The elasticity of substitution in foreign market 

Another sensitivity check of interest is the value of 𝜎∗, the elasticity of substitution 

facing exports. Bergin, Feng and Lin (2021) estimated this elasticity at a value well 

below the standard value of 3.8, finding this value is helpful in explaining the higher 

leverage ratios of exporters compared to non-exporters, as it implies a higher markup 

and profit for exports compared to domestic sales, and hence raises firm value relative 

to sales and working capital needs.  

In the present model, a lower elasticity of substitution facing exports tends to 

imply lower R&D relative to sales, since it implies the export market is less price-

sensitive, so there is a smaller gain in terms of export sales from R&D improving price 

competitiveness. This suggests a third mechanism that an alternatively calibrated 

version of our model to explain why exporting lowers R&D expenditure controlling 

for sales, as it lowers the benefits or R&D. 

Column (7) reports regression results for the model with 𝜎∗  chosen to fit the 

export dummy in the R&D regression. We find that with a value of 3.43, we can fully 

match the exporter dummy coefficient of -0.39. It also somewhat improves the match 

to the coefficient on the interaction term of sales with exporting, which equals 0.0384, 

which is closer to the empirical target of 0.084 than was the benchmark model.  
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5. Conclusion 

This paper challenges the prevailing view in international trade literature that 

exporting and innovation are always complementary, especially for smaller firms. 

While larger firms with high productivity can engage in both activities without 

sacrificing R&D, smaller exporters face financial constraints that force a tradeoff 

between R&D investment and exporting. Different from the literature, we emphasize 

the critical role of firm financing, particularly the adjustment of firm capital structure, 

in understanding the substitution effect observed among small exporters.   

Empirically, we study data of public U.S. manufacturing firms focusing on 

exporting, R&D expenditure, and financial leverage. Our findings reveal a new stylized 

fact: although exporting is typically linked with increased R&D, small exporters 

actually invest less in R&D compared to similar non-exporters, once sales are 

controlled for. Additionally, our examination of financial data highlights differences in 

capital structure among firms: while non-exporting firms use internal financing for 

R&D, exporting firms rely more on external financing for their R&D activities.  

We propose a theoretical explanation that small exporters are unable to reap the 

full benefits of exporting due to their limited ability to finance both innovation and the 

costs of export participation. Specifically, low-productivity exporters adjust the capital 

structure toward equity to provide collateral to secure extra financing for export 

working capital needs, reducing firm leverage ratios. However, such a switch may 

lower overall firm value, and offset the rise in firm value from higher productivity due 

to innovation or larger market sales from exporting and reduce the ability of firms to 

pay the sunk entry cost of exporting. To continue participating in exports, they need to 

cut back on their innovation investments. Model simulations reveal a consistent pattern: 

firms adjust their capital structures in response to financial constraints, which impact 
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their ability to invest in both R&D and export activities simultaneously. Sensitivity 

analyses and counterfactual exercises reinforce our conclusions, demonstrating that 

financial frictions play a crucial role in explaining why small exporters might reduce 

their R&D investment.  
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Table 1: Summary Statistics 

  
total 

sample 
not 

exporting 
exporting 

means:    

log of R&D expense 1.68 1.037 3.224 

size (log of sales) 4.768 3.997 6.617 

R&D to sales ratio 3.557 5.004 0.086 

R&D to total assets  0.085 0.097 0.058 

Book Leverage ratio 0.404 0.39 0.438 

Book equity ratio  0.596 0.61 0.562 

Retained earnings ratio re/A -0.477 -0.727 0.122 

Long-term debt to total assets 0.136 0.13 0.153 

Debt in current liabilities to total assets 0.05 0.054 0.042 

standard deviation of R&D expense 
(within) 

0.883 0.801 0.647 

standard deviation of size (within) 0.863 0.822 0.546 

Observations 49351 34837 14514 
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Table 2:  R&D Regressions 
 (1) (2) 
  log of R&D expense  log of R&D expense 

size 0.478*** 0.470*** 

 (0.00425) (0.00425) 

export dummy 0.110*** -0.394*** 

 (0.0120) (0.0303) 

export dummy*size   0.0838*** 

   (0.00462) 

     

Observations 49351 49351 

 

 

 

Table 3: Leverage Ratio Regressions 

 

 
Book 

Leverage 
ratio 

Retained 
earnings 
ratio re/A 

Long-term debt 
to total assets 

Debt in current 
liabilities to total 

assets 
     

log of R&D -0.0216*** 0.305*** -0.00173* -0.00371*** 

Expense (0.00104) (0.0147) (0.000879) (0.000461) 

     

size 0.0130*** 0.289*** 0.00969*** 0.00195*** 

 (0.00103) (0.0145) (0.000870) (0.000457) 

     

export 
dummy 

-0.0144*** 0.307*** -0.0139*** -0.00274 

 (0.00362) (0.0510) (0.00306) (0.00161) 

     

export 
dummy*  

0.00978*** -0.0323* 0.00486*** 0.00209*** 

log R&D 
expense 

(0.000950) (0.0134) (0.000803) (0.000422) 

     

N 49351 49309 49328 49340 
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Table 4: Benchmark Model Parameterization 

 
From literature 

Pareto distribution parameter θ = 3.8 

Substitution elasticity (domestic) 𝜎 = 3.8 

Probability of death shock λ = 0.005 

Iceberg trade cost τ௫ = 0.16 

 Tax benefit τ = 0.35 
 

Domestic market production cost financed externally 𝜙ௗ = 0.5 

Export market production cost financed externally 𝜙௫ =  1 

Rest-of-world income  𝑌௧
∗ = 5𝑌 

 
Rest-of-world export price 𝑃∗ = 0.16 

Substitution elasticity (foreign) consumption bundle 𝜎 ∗= 3.8 

Moment matching 
Domestic fixed cost  𝑓ௗ = 0.0000 

Export fixed cost 𝑓௫ =0.000123 

Export Entry cost 𝐾ா௑ = 0.1599 

Enforcement parameter 𝜉 =0.0644 

0.0615R&D cost and benefit related parameters  

Non-exporters’ R&D cost financed externally 𝜙ோ஽,ௗ = 0.0011 

Exporters’ R&D cost financed externally 𝜙ோ஽,௫ = 1.0000 

R&D cost 𝑐ூ= 0.0000 

𝑐ூଶ =0.00076 

R&D benefit ε = 0.000444 
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Table 5.  Regression from Model Simulations  

 1 2 3 4 5 6 7 

 

Data Benchmark 
model 

𝜙ௗ=𝜙௫=
𝜙ோ஽,ௗ=

 𝜙ோ஽,௫ = 0 

𝜙ோ஽,௫

= 0.0011 
 𝜙ோ஽,ௗ = 1 𝜙ோ஽,௫ =

 𝜙ோ஽,ௗ=0.5 
Lower export 

elasticity 
(𝜎∗=3.425) 

Panel A: Dependent variable: Log of RD expense 
 

sales 
 

0.470*** 
  

1.3307 
     

1.3257 
    

 1.3307 
   

1.3243 
     

1.3275 
 

 1.3235 

exporter  -0.394***    -0.3357    -0.1547    -0.1152    -0.1084    -0.1118    -0.3942 

sales*exporter 0.0838***     0.0189     0.0203     0.0204     0.0253     0.0228     0.0388 

Panel B: Dependent variable: Leverage Ratio 
 

R&D 
 

-0.0216*** 
  

-0.0060 
  
0 

   
 -0.0054 

  
 -0.0053 

 
  -0.0055 

    
-0.0237 

sales 0.0130***     0.0080 0     0.0071     0.0069     0.0072     0.0313 

exporter -0.0144***    -0.0267 0    -0.0254    -0.0252    -0.0253    -0.0277 

 R&D*exporter 0.00978***     0.0014 0     0.0014     0.0014     0.0014     0.0072 

Panel C: Other moments 

LR-Domestic 
0.390 

 
0.4333 1.000 0.4333 0.4333 

 
0.4333 0.4333 

LR-exporter 0.438 
0.4074 

1.000 0.4075 0.4070 
0.4072 

0.4044 
export 

participation rate 
 

17.00 
 

16.97 
 

24.15 
 

16.97 
 

16.97 
 

16.97 
 

35.57 
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Figure 1. Benchmark model, distribution of firm variables in steady state 
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Figure 2.  Marginal Cost and Benefit of R&D for Marginal Exporter 
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Figure 3. Total firm value of R&D for marginal exporter 
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Figure 4. Counterfactual exercise if firm i exports but choosing 𝒌𝒏𝒙(𝒛ො𝒊
𝒏𝒙) 

 
 

 
Note: 𝐹(𝑧௜) = (1 + 𝑟)൫𝑞௫(𝑧̂௜

௡௫) − 𝑞௡௫(𝑧̂௜
௡௫)൯+𝑏௫(𝑧̂௜

௡௫)−𝑏௡௫(𝑧̂௜
௡௫) − 𝐾ா௑, where 𝑧̂௜

௡௫ indicates that the 
productivity of Firm i chooses its optimal level of R&D in the case of not exporting. 
 
  



46 

 

Figure 5. The optimal level of R&D for the marginal firm for different 𝝓𝑹𝑫,𝒙  
 

 
 


