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Abstract

This paper studies the linkage between firms’ financing structure and growth. In

my framework, firms are able to borrow from banks (bank credit) and suppliers (trade

credit) and thus face two types of financial constraints. First, using detailed Chinese

firm-level data, I provide new empirical evidence that firms that relied more on trade

credit grew faster before the 2007-08 financial crisis, but experienced a sharper decline

after the crisis. In contrast, sales growth became less responsive to the dependence on

bank credit. Second, I develop a model with multiple collateral constraints in which the

firm’s financing structure affects sales growth in a manner consistent with the empirical

findings. My model shows that trade credit amplifies the impact of the financial crisis

on sales performance. The quantitative analysis suggests that improving sales position,

initial wealth or the ability to fully access bank credit mitigates this impact.
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1 Introduction

An unlisted firm raises external financing mainly through two channels: banks (bank credit)

and suppliers (trade credit). Recent studies primarily emphasize the relative importance of

bank credit on a firm’s performance, both empirically and theoretically. Although a few

empirical studies document the role of trade credit, the literature has remained relatively

silent about the theory of trade credit, especially its underlying interaction with bank credit.

Motivated by new empirical evidence from detailed Chinese firm-level data, I propose a

theory linking the roles of trade credit and bank credit to the firm’s sales performance. I

investigate two classic questions from the new perspective on a collateral constraints model:

Why do some firms grow faster than others? and why do some firms suffer more from

financial crises?

For economies with less than fully developed financial markets, such as China in my

case, bank credit may not be available to all firms. The heterogeneity of firms’ ability to

access bank credit may lead to resource misallocation across firms. Trade credit becomes an

important alternative for external financing. Figure 1 depicts Chinese manufacturing firms’

sales growth across different quintiles of trade credit. The degree of borrowing on trade credit

increases with quintiles, e.g., the fifth quintile refers to firms with the highest borrowing on

trade credit.

Figure 1: Sales Growth across Different Quintiles of Trade Credit
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Focusing on the 1st and the 5th quintiles, we see that their positions switch after the

2007-08 financial crisis, which suggests that firms that relied more on trade credit grew

faster before the 2007-08 financial crisis, but experienced a sharper decline after the crisis,

compared to those firms with less dependence on trade credit. However, I show in the next

section that I do not find similar patterns with respective to bank credit. I also do not obtain

a similar result from U.S. manufacturing firms, using U.S. Computstat data.

1.1 Empirical Evidence

Motivated by the above non-parametric result, I employ an empirical strategy to dissect the

relationship between firms’ external financing structure and sales performance. The main

estimate from my baseline specification suggests that as firms increase trade credit by 1%,

their sales growth increase by 0.211% prior to the 2007-08 financial crisis, but decline by

0.228% after the crisis. The coefficient of the interaction between the post-crisis dummy

and bank credit is not statistically significant. Thus, firms that rely more on trade credit

experience a sharper decline after the crisis. By contrast, sales growth is less responsive to

the dependence on bank credit. Trade credit may amplify the impact of the financial crisis

on firms’ sales performance.

1.2 Theoretical Framework

Given the above empirical findings, I develop a theoretical framework to study the linkage

between financing structure and sales performance. The main goal of my model is to illustrate

a mechanism to capture patterns observed in the data. In this context, banks are modeled

as having deep-pockets, and firms need to collateralize their promises to pay with tangible

assets. Due to financial constraints, exporting firms have limited collateral provided to

banks, and need to seek additional borrowing from suppliers. Unlike the typical financial

constraint model with one collateral constraint, my model deals with two types of collateral

constraints, one for bank credit and one for trade credit. In particular, exporting firms
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sign financial contracts with both banks and suppliers, where suppliers are assumed to have

stronger financial positions than other firms and borrow only from banks.

The collateral constraints setting uses Rampini and Viswanathan (2015) who might be the

first to develop the dual-collateral-constraint model. Yet, there are two notable deviations.

One point of departure is in the components of the collateral constraint used in trade credit:

in addition to adding two types of collateral in undepreciated capital and sales, I introduce

an aggregate shock into the second component. Another modification is to solve the agents’

problem by Nash Bargaining, in which agents negotiate on the conditions of the trade credit

contract, in particular on the downpayment and interest rate.

An important underlying feature of the collateral constraint applied to trade credit is that,

compared to banks, suppliers are assumed to be better at recovering the liquidated assets if

exporters default. Because of this, they are willing to provide more credit to exporting firms.

This is a common assumption in the previous literature on trade credit. The idea is that

suppliers have an advantage in monitoring their customers and collecting information on their

customers’ businesses, and that they also use trade credit to keep tight relationships with

their customers.1 As a result, suppliers have a higher resale ability on the undepreciated

capital compared to banks. In particular, if exporters default, suppliers could recover a

specific proportion of the undepreciated capital that banks are not able to recover. Suppliers

also use exporters’ sales performance as additional collateral, which is not applicable to bank

credit. The intuition for this could arise from the fact that trade credit is provided upon

purchase of intermediate inputs, which are used in exporters’ production of final goods.

Thus, suppliers’ income essentially depends on exporters’ sales performance. Larger sales

may infer larger orders of intermediate goods, and hence more trade credit.

My model incorporates a simplified input-output structure. Trade credit is explicitly

modeled in the form of intermediate goods.2 Specifically, when ordering intermediate goods

1Petersen and Rajan (1997) provide detailed explanations for the fact that suppliers may have some
financing advantage in offering external financing to buyers, such as information acquisition and price dis-
crimination through the lens of trade credit.

2Production networks by incorporating the input-output structure have been drawing increasing atten-
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from suppliers, exporters can deliver only some fraction of the total payment, i.e. the down-

payment, and need to borrow the rest. In short, the novel component in this dual-collateral

constraints model is that exporters’ sales positions can be used as the collateral for trade

credit financing.

Another key insight of the model is that trade credit generates a friction. The main

reason is that trade credit is more expensive than bank credit. In particular, the interest

rate on trade credit is higher than that on bank credit. In an ideal scenario, exporting firms

would like to borrow everything from banks, since banks offer lower interest rates. However,

given the limited collateral that they can offer banks, exporters are not able to borrow as

much as they want and need to seek additional external financing from their suppliers with

higher interest rates on their trade credit. As a result, one may understand that the higher

cost of the borrowing on trade credit creates a friction and amplifies the impact of the crisis

on sales performance.

In my quantitative work, I show that my model is able to replicate the empirical findings.

In particular, it suggests that if a firm increased its trade credit by 1%, its sales growth

would increase by 0.299% before the financial crisis and would decrease by 0.272% after the

financial crisis. In addition, the coefficient of the interaction term between the post-crisis

dummy and bank credit is not significant, which is also consistent with the result from my

baseline regression on the original data. Additional simulation exercises suggest that relaxing

exporters’ initial financial constraints or increasing suppliers’ resale ability could mitigate

the impact of the financial crisis on sales performance through the channel of trade credit.

I conduct two important counterfactual exercises. First, resolving the model by imposing

the assumption that the supplier could not collateralize on sales, implies that the supplier’s

resale ability on final goods is a key element to the collateral constraint of trade credit

and to the model’s abilities to replicate the empirical findings well. Second, I re-solve the

tion. Jones (2011) studies the income differences across countries through the linkages and complementarity
of intermediate goods. Jones (2013) further argues that the input-output structure with intermediate goods
could amplify resource misallocation by generating a larger multiplier.
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model by assuming that firms are able to fully access bank credit and do not need to seek

additional financing from trade credit. The case in which exporters borrow solely from banks

could be considered as a frictionless economy. The simulation for the frictionless economy

model shows that firms with a 1% higher dependence on external financing could experience

a 0.070% decline in sales growth, which is much smaller than that in the model with the

financial friction from trade credit. Thus, borrowing on trade credit enlarges the magnitude

of financial shocks as much as four times in comparison to borrowing on bank credit.

The quantitative analysis could also provide a policy implication. Since most commer-

cial banks are state-owned in China, state-owned enterprise provide better access to bank

credit than other firms. Firms with high productivity may not be able to obtain enough

financing, which could increase the severity of resource misallocation in China. Thus, relax-

ing the restrictions of bank credit lending to non-state-owned enterprises could reduce their

dependence on trade credit and thus the amplification effect of trade credit.

1.3 Literature Review

My paper relates to several current branches of literature, including empirical as well as

theoretical studies.

The empirical finding on the role of trade credit is consistent with recent empirical studies

exploring the role of trade credit in growth. Petersen and Rajan (1997) may have been the

first to provide an empirical study of trade credit. They find evidence that firms tend to

use more trade credit when borrowing from financial institutions is not available. Fishman

and Love (2003) show that industries with higher dependence on trade credit exhibit higher

rates of growth in countries with weaker financial institutions. Allen, Qian and Qian (2005)

suggest that fast-growing Chinese firms rely on trade credit to support their growth. Using

publicly-traded firm-level data for six Asian countries, Coulibaly, Saprize and Zlate (2012)

find that firms that rely predominately on trade credit had better sales than those with less
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dependence on trade credit after the 2007-08 financial crisis.3 While the empirical evidence

on financial constraints is overwhelming, the finding on the negative relation between trade

credit and sales performance, and the interaction of bank credit and trade credit on growth

have remained elusive, especially in relation to the 2007-08 financial crisis. Therefore, my

empirical findings serve as a complement to these studies.

In terms of the linkage between financial constraints and international trade, one of the

most salient findings is that countries’ participation in trade could be impeded by tightening

financial constraints, especially during a financial crisis.4 Feenstra, Li and Yu (2014) find

that the credit constraint is more stringent as a firm’s exporting intensity increases and

as the time of the shipment for exporting products is lengthened. My paper also provides

a similar empirical result that the magnitude of the impact of the financial crisis on sales

performance increases in the exporting share. While most studies emphasize the channel

of bank financing, some explore the relevance of trade finance.5 However, those studies on

trade finance focus mainly on the supply side of trade credit, specifically, exporters as credit

providers to foreign customers. Few studies consider the importance of the demand side of

trade credit, specifically, exporters as credit receivers. Therefore, my investigation on the

role of trade credit attempts to fill this void.

In addition to the empirical studies, this paper also contributes to the theoretical litera-

ture on trade credit and trade finance. Several analyses have been done through the lens of

imperfect contracts (the recent work of Olsen (2013), Ahn (2015), Antràs and Foley (2015),

and others). Other studies aim to explain why trade credit exists. Burkart and Ellingsen

(2004) look at suppliers’ ability to monitor moral hazard on the part of buyers. Biais and

3Other empirical works like Cull, Xu, and Zhu (2009), Ayyagari, Demirgue-Kunt, and Maksimovic (2010),
and Li, Lu, Ng, and Yang (2015) claim that trade credit is not important for a firm’s growth.

4Recent studies on the 2007-08 great trade collapse include inventory adjustments (Alessandia, Ka-
boski, and Midrigan, 2010); credit constraints (Manova, Wei and Zhang, 2015); product composition effects
(Levchenko, Lewis, and Tesar, 2010); vertical integration effects (Bems, Johnson, and Yi, 2010), and demand
effects (Eaton, Kortum, Neiman, and Romalis, 2015).

5Recent studies on the role of trade finance on the great trade collapse include Amiti and Weinstein
(2011), Yang (2011), Chor and Manova (2012), Ahn (2013), Auboin (2015) and Paravisini, Rappoport,
Schuabl, and Wolfenzon (2014).
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Gollier (1997) investigate suppliers’ informational advantage over buyers. Petersen and Ra-

jan (1997), and Klapper, Laeven and Rajan (2012) both empirically and theoretically explain

the existence of trade credit. I extend the literature by simultaneously modeling two types

of borrowing constraints, one applied to bank credit, the other applied to trade credit.

The collateral constraint model presented in this paper embeds features of models de-

veloped in the literature on financial frictions. Bernanke and Gertler (1989) and Kiyotaki

and Moore (1997) are early studies developing models in which financial frictions distort

the representative firm’s investment decision. However, these models cannot generate strong

responses in aggregate output from financial shocks. The model, introduced by Jermann and

Quadrini (2012), solves this problem by imposing constraints on the firm’s labor demand mar-

gin and highlights the important implications for output. Another model with heterogeneous

producers, developed by Midrigan and Xu (2014), constrains the scale of the most produc-

tive firms so that inputs are misallocated to less productive firms and thus financial frictions

depress aggregate output. Kiyotaki and Moore (2008) focus on a business cycle model in

which liquidity tightens the enforcement constraint on investment. Cooley, Marimon, and

Quadrini (2004, 2014) study optimal contracts with limited enforcement constraints. Bigio

and La’O (2016) introduce financial frictions into a production networks model to study the

response of aggregate output and employment to sectoral financial shocks. 6

The setting with multiple collateral constraints shares some similarities with the model

studied in Rampini and Viswanathan (2015) in which firms have collateral constraints for

loans from financial intermediaries and households. They focus mostly on the dynamics

of wealth but do not consider any shocks and do not provide any quantitative analysis for

their model. Therefore, the model studied in this paper is aimed at capturing the empirical

findings by introducing financial frictions into a multiple-collateral-constraint model.

In sum, with the increasing complexity of modern products, a wide range of intermediate

6 Recent studies on financial frictions also see e.g. Jermann and Quadrini (2006) and Mendoza (2010)
which interact working capital with financial constraints to study the aggregate consequence of financial
shocks and Mendoza and Quadrini (2010), and Gertler and Karadi (2011) which consider shocks to collateral
or enforcement constraints.
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goods have been used in producing final goods. Since most Chinese exporting firms are

assembling and precessing manufacturers who deal with a large variety of intermediate inputs,

and hence they rely heavily on the support from suppliers - trade credit. However, since

trade credit is more vulnerable than bank credit, exporting firms that make greater use of

trade credit could suffer more from the 2007-08 financial crisis.

I structure the paper as follows. Section 2 presents empirical evidence from the China

manufacturing firm-level data. Section 3 proposes a simple two-period model with collateral

constraints. Section 4 provides a quantitative analysis of the model. Section 5 concludes.

Details of derivations and data work are provided in the Appendix. 7

2 Empirical Evidence

2.1 Data

The firm-level data I use in this paper come from the annual surveys of manufacturing

enterprises conducted by the National Bureau of Statistics of China from 2004 to 2009.8

The database covers all state-owned enterprises and non-state-owned enterprises with annual

sales of at least 5 million RMB, approximately US$750,000 in 2007. This database has

more than one hundred variables and contains detailed information on firm identification

(company name, geographic information, ownership structure, industry type, etc.), operation

(employment, inventory, gross output, value-added, total sales, exporting sales, etc), and

balance sheet (total assets, total debt, account payable, account receivable, capital stock,

etc). The original data are cross-section data. For each year separated with the number of

firms varies from 279,092 in 2004 to 473,487 in 2009. In order to construct a panel, I strictly

follow the method introduced by Brandt, Biesebroeck, and Zhang (2012), which provides a

7The Online Appendix details another version of the model with no Nash Bargaining, and provides a
brief description of a dynamic trade credit contract.

8Since the database has information on accounts payable only from 2004 to 2009, I focus on the period
2004-09 in order to proxy trade credit by accounts payable.
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very detailed description for this database and might be the first paper to match this data

over time. The final unbalanced panel contains about 1.7 million observations,9 in which

there are 51,743 “permanent” firms that remain in all years; therefore, the survival rate is

about 20.5%.10 In the following, to better track firms’ financial and sales positions over time

and exclude the defaulting possibility, I focus on the “permanent” firms.

In my empirical exercise, trade credit is the ratio of accounts payable to total assets and

bank credit is the ratio of bank loans to total assets (See Appendix A for the definition

of other variables). Table 1 provides non-parametric results for firms’ sales growth across

different quintiles of external financing. Specifically, I sort firms into five quintiles based

on the mean of trade credit and bank credit across year, and compare firm sales growth

before and after the end of the 2007-08 financial crisis within each quintile. The borrowing

degree increases in quintiles, i.e., the first quintile and fifth quintile represent the lowest

and highest borrowing levels, respectively. Two important patterns are clear in both panels.

First, before the financial crisis, firms with higher levels of trade credit grow faster, while

the growth does not vary much across different levels of bank credit. Second, sales growth

of firms with high levels of trade credit declines more after the financial crisis than those

firms with low level of trade credit. By contrast, sales growth does not change much within

different quintiles of bank credit before and after the financial crisis. Figure 3 depicts the

difference in sales growth before and after the crisis across all quintiles of trade credit and

bank credit, corresponding to the last column in panel B of Table 1. Apparently, the line

with trade credit has a clear declining trend in growth while the line with bank credit is

relatively flat and does not present this pattern. Both patterns are also clearly visible in

9The final panel contains about 85% of firms from the original data. There are in total 2,074,550 firms
if they are added up year by year.

10Due to the 2007-08 financial crisis and the change of the ownership structure, such as introduced
through the state-owned enterprises reform, the six-year survival rate is slightly low. If I exclude the period
of financial crisis, and focus on the period 1998-2007, the ten-year survival rate is about 22.3%. Another
reason is that the number of firms in 2004 is particularly larger due to the extended size of the survey in
2004, in which the the National Bureau of Statistics of China increase the investment on survey. As a result,
the number of firms is slightly larger in 2004 than in 2005, which may also affect the survival rate. Detailed
information is provided in Table A1 in the Appendix.
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Figure 1 which I have presented in the first section. I sort firms into five quintiles based

on their average trade credit level across years. The line for the fifth quintile is originally

located in the upper position of the first quintile in 2006, but both intersect during the 2007-

08 financial crisis, and end up with inverse positions in 2009, indicating that sales growth of

firms in the fifth quintile has fallen by more than that in the first quintile.

Doing the same exercise as that in Figure 1, I do not find similar patterns with respective

to bank credit (Figure 4). I also do not obtain a similar result from U.S. manufacturing firms,

using U.S. Computstat data (Figure 5). In fact, the U.S. firms that suffer most from the

2007-08 financial crisis are not the firms with most trade credit by rather those with modest

borrowing on trade credit (in the 3rd quintile).

Table 2 provides detailed summary statistics on trade credit and bank credit based on

export intensity. I sort firms according to the ratio of export to total sales for different

groups of firms - non-exporters, exporters with a ratio larger than zero, main exporters

with a ratio larger than 50%, and pure exporters with a ratio equal to 1. Table 2 shows

that although the total external financing ratio is almost the same across different types of

firms, exporting firms have relatively higher leverage on trade credit. Firms’ dependence on

bank credit decreases with the exporting intensity meanwhile trade credit increases with the

exporting intensity, which suggests that there exists heterogeneity in firms’ access to bank

credit. Trade credit becomes an important tool for exporting firms to correct the financial

distortions.11

Table 3 reports the summary of bank credit and trade credit across different levels of the

factor structure. Both panels suggest that trade credit follows clear pattern across different

factor intensities, but bank credit does not. In particular, trade credit increases in the level

of labor intensity but decreases in the level of capital intensity. This result is consistent

for both permanent firms and permanent exporting firms. I also consider other aspects of

11The level of difficulty in obtaining external financing is moderate in China. According to the World
Bank’s Doing Business database, a project aimed at providing objective measures of worldwide business
environment, China is ranked 79th for the category of Getting Credit among 185 countries in the world.
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statistics summaries on firms’ financing structure (see Appendix B) and do not find distinct

patterns for these measures. For example, I do not find clear pattern of the measure of

industry external finance dependence (ExtFin).12

Therefore, given the above non-parametric results, I formulate the hypothesis that trade

credit is more vulnerable than bank credit during the 2007-08 financial crisis. Although firms

that made more use of trade credit grew relatively faster before the financial crisis, they

experienced a sharper decline in sales growth after the crisis. In contrast, the dependence on

bank credit is irrelevant. However, this does not imply that bank credit is not important. One

reason may come from the fact that most commercial banks in China are state-owned, which

are considered to have ample funding and did not suffer much during the 2007-08 financial

crisis. As a result, firms were able to receive stable financing from banks by pledging their

assets as collateral, but might not access trade credit as much as before. Based on these

non-parametric findings, I derive three predictions.

(i) Firms that made more use of trade credit grew faster. Statistically, the correlation between

sales growth and trade credit financing is positive.

(ii) Firms that relied more on trade credit experienced a larger decline in sales growth after the

2007-08 financial crisis. Thus, the correlation between sale growth and trade credit financing

is negative. In contrast, borrowing on bank credit may be irrelevant.

(iii) Since trade credit increases with exporting intensity, the magnitude of the impact of

the financial crisis on sales performance may follow a similar pattern. The exporting firms

suffer more from the crisis.

12Rajan and Zingales (1998) first develop the measure of industry external finance dependence. Recent
studies like Manova, Wei, and Zhang (2015), and Fan, Lai, and Li (2015) apply ExtFin index to the case of
China. Table A2 reports the mean value of bank credit and credit based on the ExtFin index.
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2.2 Empirical Facts

2.2.1 Baseline Specification

In order to dissect the relationship between firms’ sale performance and external financ-

ing, particularly the result in Figure 1, I employ a difference-in-difference approach through

which I compare firms’ sales growth before and after the onset of the crisis as a function of

external financial channels - trade credit and bank credit, controlling for firms fixed effects

and observable measures that may affect firms financing and sales performance. I am inter-

ested mostly in investigating the role of trade credit and bank credit positions in mitigating

or worsening the impact of the crisis on firms’ sales growth. Since Table 2 suggests that

exporting firms have relatively high leverage on trade credit, I focus on permanent exporting

firms in the following.

I run two main regressions in terms of different measurements of trade credit and bank

credit. Nevertheless, I obtain similar results from both regressions. The first, also my core

regression, corresponds to Prediction 1 and Prediction 2 which are derived from Table 1

and Figure 1. I use firms’ average level of trade credit and bank credit across years as my

measurement, and run following regression,

∆yi,t = β0 + β1Posti + β2TCi + β3BCi + β4Posti · TCi + β5Posti ·BCi + γXi,t + δi + εi,t,

where ∆yi,t is firm i’s sales growth at year t; Posti is a year indicator which equals one

if firm i is in the year 2009; TCi and BCi are the mean of firm i’s trade credit and bank

credit across time; Xi,t refers to controls of firm i at time t - tradecredit, bankcredit, Size,

Age, and employment; δi refers to firms fixed effect; and εi,t is the error term. Appendix A

provides a detailed definition for all variables.

Another regression comes from the concern that inferences may be confounded if variation

in the external financing channels as the crisis unfolds is endogenous to unobserved variation

which may affect firms sales positions. For example, firms might change their leverage ratio
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between trade credit and bank credit or change the total financing level across years, and

might also have some certain anticipation for the coming of the crisis and implement some

adjustments when approaching the period of 2007-08.

I address this endogeneity issue following the method by Duchin, Ozbas and Sensoy

(2010). Specifically, I further purge my specifications of this variation by using the firm’s

financial positions measured a couple of years prior to the financial crisis, particularly by

fixing trade credit and bank credit at year 2004. In fact, this approach is similar to an

instrumental variables approach in which the identifying assumption is that years-before

financial positions are not positively correlated with unobserved within-firm changes in firms’

sales performance following the onset of the crisis. I run the following regression,

∆yi,t = β0+β1Posti+β2TCi,2004+β3BCi,2004+β4Posti·TCi,2004+β5Posti·BCi,2004+γXi,t+δi+εi,t,

where TCi,2004 and BCi,2004 are firm i’s trade credit and bank credit at year 2004.

Table 4 reports estimates from the above two regressions.13 Column (1) includes only

the post-crisis dummy, which shows that the 2007-08 financial crisis does have a significant

negative impact on firms’ sales growth. Column (2) and Column (4) includes the specific

measurements of trade credit and bank credit and their interactions with the post-crisis

dummy. The sign of the interaction term between trade credit and post dummy is negative,

and the coefficient of this term is statistically significant, which suggests that sales growth of

firms relying more on trade credit declines after the financial crisis. Column (3) and Column

(5) include all controls and completely report estimates from the above two regressions. Both

provide similar results. In particular, Column (3) presents that as firms increase trade credit

by 1%, their sales growth increases by 0.211%, and declines by 0.228% in the post-crisis

period. Instead, the coefficient of the interaction between bank credit and the post-dummy

is relatively small and not statistically significant. Therefore, the estimations are consistent

13 I do not report the coefficients of individual variables TCi, TCi, TCi,2004 and BCi,2004. Since they are
absorbed by the firms’ fixed effect, the coefficients of these variables are zero in both regressions.
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with the non-parametric results from Table 1 and Figure 1.

Table 5 provides a detailed comparison of two different groups of firms - exporting in-

tensity and ownership structure. Table 5 shares similar patterns to those in Table 4. One

apparent deviation is from the coefficient of the interaction between post-crisis dummy and

trade credit, which is significant only for exporting firms or private-owned exporting firms,

but not for non-exporting firms and state-owned exporting firms. This may imply that

firms with close relationship with the government, such as state-owned enterprise (SOE),

have better financial position in the post-crisis period, and thus suffer less from the crisis.

Private-owned exporting firms suffer most from the 2007-08 financial crisis. 14

I further take the ownership structure into account, and explicitly include the SOE

dummy and its interaction with the post-crisis dummy and financial structure. Table 6

presents that SOE has better sales position after the 2007-08 financial crisis, compared to

non-state-owned firms. In addition, the magnitude of the coefficient of my highlighted vari-

able - the interaction between the post-crisis dummy and trade credit, becomes larger and

statistically significant. Thus, the amplification effect of trade credit is more significant for

non-stated-owned firms.

2.2.2 A Concern on Exporting Firms and Robustness Checks

A concern on exporting firms is based mainly on the specific factor structure in China. In-

ternational trade has been one of the main driving forces to the rapid growth of the Chinese

economy in recent decades. Relatively low labor costs, serving as an important compara-

tive advantage for exporting, should be taken into account. Lin (2012) proposes the theory

of new structural economics in which he summaries the recent growth of developing coun-

tries, especially China, and argues that developing countries should follow their comparative

advantage determined by the factor structure to sustain growth.15

14Chen, Tian and Yu (2016) provide supportive evidence to show that private firms faces discrimination
in input factor markets in China.

15Ju, Lin, and Wang (2015) provide a theory to support the endowment driven industry structural change
by studying a n-sector model.
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I therefore include the measurements of labor intensity and capital intensity to my re-

gressions.16 Table 7 shows that sales growth of firms with high labor intensity or high capital

intensity declines more, but I do not find clear pattern on the relationship between the degree

of factor intensity and external financing structure. Nevertheless, including factor intensity

does not affect my previous empirical findings.

I also provide robustness checks for my core regression. A series of robustness checks

suggests that results from the above methodology cannot easily be attributed to omitted

variables biases or some endogenous mechanical factors. My main results continue to hold

when I do not use any specific measurement on trade credit and bank credit (Table A3). I do

not obtain similar results from Placebo (non-existent) tests, including the test on assuming

crises in other time periods, and the test on non-exporting firms (Table A4). Results still

hold when I consider time-fixed effect by including year dummies or time trend or include

interaction terms of size and financing position (Table A5). My empirical results are still

valid whenever I fix firms’ financing positions in different years across my sample (Table A6).

Appendix B provides a detailed description of my robustness checks.

Therefore, given the above empirical results, I summarize three facts for the relationship

between financing structure and growth:

Stylized Fact 1 Firms with higher leverage on trade credit grow faster.

Stylized Fact 2 Trade credit is more vulnerable than bank credit, and hence firms that

made greater use of trade credit experience a sharper decline in sales growth after the 2007-

08 financial crisis. The relevancy of bank credit during the financial crisis instead is not

significant.

Stylized Fact 3 The magnitude of the impact of the financial crisis on growth increases

with exporting intensity.

16Lin, Sun, and Jiang (2013) provide three ways to proxy the factor intensity of industries in China.
Although every proxy has its flaws, for simplicity, I choose the approach that uses the net value of fixed
assets as a proxy for capital stock. I also use a common way to proxy labor intensity - the ratio of wage to
value added.
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I am not attempting to establish any apparent causal relationship between sales perfor-

mance and external financing, especially trade credit. Instead, what I highlight from the

empirical finding is mainly their correlation.

Taking the above three stylized facts as my motivation, I develop a theoretical framework

by constructing a two-period model with multiple collateral constraints. Given Stylized Fact

3, I focus on exporting firms, and hence the linkage between financing structure and growth

is mainly illustrated through exporters’ problem. As shown in the quantitative exercise, my

model is able to generate Stylized Fact 1 and 2.

In the following, I first depict the model setting and then solve the model by Nash

bargaining. Finally, I provide a quantitative analysis.

3 The Model

In this section, I construct a simple two-period model to illustrate the key mechanism. The

economy has three types of agents: banks, suppliers and exporters. There are two types of

borrowers: exporters and suppliers, and two types of lenders: suppliers and banks. Suppliers

can be lenders, borrowers, or both. Exporters borrow from banks and their suppliers, while

suppliers borrow only from banks. Therefore, there are three types of financial contracts in

this economy - the contract between suppliers and banks, the contract between exporters

and banks, and the contract between exporters and suppliers.

There are two periods: period 1 and period 2. Each period has two stages: stage 1 and

stage 2. The reason for dividing one period into two stages is that agents sign financial

contracts and repay debt in different schedules. All agents can participate in stage 2, but

only exporters and suppliers participate in markets in stage 1. This assumption enables

suppliers with bargaining power over exporters and with an advantage in better enforcing

claims over banks. In particular, exporters sign trade credit contract with suppliers in stage

1 of period 1, and then repay the loans in stage 1 of period 2. Exporters and suppliers sign
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contracts with banks in stage 2 of period 1, and repay in stage 2 of period 2. It would be

more clear when I explain the timing in next section.

In what follows, variables that refer to period 2 are indicated with a prime superscript.

3.1 The Environment

3.1.1 The Setting for Agents

The setting for agents mainly follows the structure in Rampini and Viswanathan (2015).

There is a continuum of banks with mass one. Banks are risk neutral and discount future

payoffs at a rate βb ∈ (0,1). Banks enter the markets only in period 1, but are deep-pockets

which have a large endowment of funds and collateral in all dates and states, and thus, they

do not have enforcement constraints and commit to deliver on their promises. Banks provide

state contingent claim paid in stage 2 at an expected rate of return R′, thus R′ = 1
βb

.

There is a continuum of suppliers with measure one. Suppliers are risk neutral and

subjective to limited liability. They discount future payoffs at βs ∈ (0,1). A representative

supplier participates in markets in both stages of two periods. At the beginning of period

1, she starts with an initial wealth ws, but is not sufficient to cover the input requirement

in producing x units of intermediate goods, according to the production function x = g(ks).

Here ks is the input of capital, g(·) is strictly increasing and strictly concave, differentiable

and satisfies the usual Inada condition. In order to purely investigate the financing channel,

I focus here only on capital ks and assume labor as a unit input. One may also consider

that the labor input is essentially also another type of capital investment. Since the supplier

faces financial constraints, she needs to borrow from banks, and repays the loan in period 2

at the interest rate R′. At the end of both periods, she pays dividends.

There is a continuum of exporting firms with a unit mass, which are also risk neutral,

subjective to limited liability, and discount the future payoffs at rate βe ∈ (0, 1). A rep-

resentative exporter starts with an initial wealth we at the beginning of the period, but is

bounded and does not have enough to cover the input requirement in producing y′ units
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of final goods with access to a standard neoclassical production technology and generating

revenues at the end of the period by exporting goods abroad. The production function is

y′ = A′f(ke, x), where A′ > 0 is either a productivity shock or a demand shifter depending

on the state in next period, and is the main source of fundamental uncertainty in this econ-

omy. f(·) is strictly increasing and strictly concave, differentiable, and it satisfies the usual

Inada condition. In period 1, since the exporter faces financial constraints, he can deliver

only α ∈ (0, 1) proportion of total payment on x units of intermediate goods. Therefore, he

needs to borrow the rest from the supplier (trade credit), and repays in stage 1 of period 2 at

interest rate R′e, where α and R′e are endogenously determined. The exporter also borrows

from the bank (bank credit), and repays in stage 1 of period 2 at interest rate R′. Thus, the

exporter raises financing from suppliers and banks, but has different repayment schedules.

Finally, he pays dividends at the end of both periods.

Assumption 1 The discount factors satisfy βe < βs < βb.

Assumption 1 is the condition that determines the borrowing and lending relation between

agents. It implies that the bank is more patient than the supplier, and the supplier in turn

is more patient than the exporter. According to this setting, both supplier and exporter

borrow from the bank, and the exporter can also borrow from the supplier.

3.1.2 The Timing

The timing of the financial contract between the supplier and the bank is standard. Specif-

ically, the bank provide loans to the supplier in period 1 and receive payment including

interest rate in period 2. The timing for the exporter’s financial contracts need to be dis-

cussed in more details in which there are two stages in each period.

In stage 1 of period 1, the bank and the exporter sign a bank credit contract in which

the bank agrees to provide a load in period 1 and receive payment including interests in

period 2. Then, in stage 2 of period 1, the supplier and the exporter sign a trade credit

contract in which the exporter delivers α proportion of downpayment in order to receive
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x units of intermediate goods from the supplier, and will repay the rest of the payment

including interest rate R′e in next period. As a result, the exporter borrows (1−α)xR′e from

the supplier.

Stages in period 2 are important, since they refer to the exporter’s different payment

schedules. The exporter decides whether to repay the bank credit contract or to default. If

the exporter does not default, he would carry over the income net of payments made. When

coming to stage 2 of period 2, the exporter considers whether to make the promised payment

to the supplier or to default. Therefore, the exporter first repays the bank credit contract

and then the trade credit contract.

Figure 2 summarizes the activities and timing of the exporter.

Figure 2: The Exporter’s Timing

3.1.3 Financial Contracts

I make the following assumptions before heading to the detailed discussion on deriving the

collateral constraints.

Assumption 2 The supplier can better collateralize claims than the bank for two reasons:

(i) The supplier’s resale ability of undepreciated capital is higher than that of the bank.

(ii) In addition to the undepreciated capital, the supplier can also recover a certain amount

of final goods, if the exporter defaults.

Assumption 2 firstly suggests that the supplier has an advantage in lending to the exporter

since she is able to recover more value compared to the bank. Specifically, if the exporter

defaults, the bank can recover only a fraction ξ of the undepreciated capital, while the

19



supplier can recover ξs, where ξs ∈ (0, 1) and ξs > ξ. The second part of assumption 3 states

that if the exporter defaults, unlike the bank, the supplier is able to recover a fraction φs of

final good, where 0 < φs < 1.

Assumption 3 If the exporter does not repay the bank credit loan in stage 1 of period 2, it

means that he defaults all contracts, including bank credit and trade credit. In this case, the

bank has the priority to recover the loss first.

Assumption 3 implies that in case of the exporter’s defaulting, the bank can recover

ξ(1− δ)ks of the undepreciated capital, while the supplier recovers the rest, (ξs− ξ)(1− δ)ks.

Given the above assumptions, the decision by borrowers to default on the financial con-

tracts arises after the realization of revenues. At the time signing financial contracts, lenders

need to consider the condition so that borrowers have the incentives to repay the debt.

Specifically, the payoff from repayment should be larger than the payoff from defaulting. I

describe firstly the supplier’s contract with the bank, and then the exporter’s contracts with

the supplier and the bank.

Before signing the contract with the supplier, the bank needs to consider the supplier’s

income in next period. The supplier is expected to obtain revenue as the sum of the rest

of the payment from sales on the intermediate goods and the undepreciated capital, (1 −

α)x+ (1− δ)ks. The bank needs to compare the payoff from repayment and the payoff from

defaulting,

π′s =

 (1− α)x+ (1− δ)ks −R′b′s, if the supplier repays.

(1− α)x+ (1− ξ)(1− δ)ks, if the supplier defaults.

In this case, since the bank is not able to seize any proportion of intermediate goods x if

the supplier defaults, the consequence of the exporter’s decision on the trade credit contact

is not important for comparing the above two possible payoff. Therefore, in order to induce

the supplier to stay in the contract, the payoff from repayment should be larger than from
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defaulting, and hence the financial contract satisfies the following condition,

ξ(1− δ)ks ≥ R′b′s. (1)

Lemma 1 The total amount of bank credit b′s depends on ξ, the ability that the the bank

recovers the loss if the supplier defaults on the contract. The higher the resale ability, the

larger the bank credit could be.

Proof: See Appendix C.

Lemma 1 suggests that in addition to the collateral value provided by the borrower, how

much the proportion of losses the bank could recover also affect the total amount of lending.

Apart from the supplier, the exporter has two types of financial contracts - trade credit

and bank credit. Since he needs to make a decision on the bank credit contract in stage 1

of period 2, let’s first consider his payoff with the bank, then combine it with the supplier.

The exporter’s total income in period 2 is from the expected sales of final goods and the

undepreciated capital, i.e. E[y′] + (1− δ)ke.

From the perspective of the bank, when signing the contract with the exporter, the bank

compares the following expected payoffs of the exporter,

π′e =

 E[y′] + (1− δ)ke −R′b′e, if the supplier repays.

E[y′] + (1− ξ)(1− δ)ke, if the supplier defaults.

Thus, similar to the contract with the supplier, the bank imposes the following constraint

to the exporter,

ξ(1− δ)ke ≥ R′b′e (2)

From the perspective of the supplier, whenever the exporter defaults in stage 1 or stage

2 of period 2, the value which the supplier can recover is the same. Therefore, the supplier

needs to consider only the case that the exporter repays the bank credit contract and moves

to stage 2 of period 2 with the income net of payments made. In this case, the exporter’s
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income remains E[y′] + (1− δ)ke −R′b′e. Therefore, before signing the trade credit contract,

the supplier compares following payoffs,

π′e =

 E[y′] + (1− δ)ke −R′b′e −R′eb′x, if the exporter repays.

(1− φs)E[y′] + (1− ξs)(1− δ)ke, if the exporter defaults.

Using the equation (2) to rewrite R′b′e, I can derive the condition ensuring that the exporter

always repay the debt.

(ξs − ξ)(1− δ)ke + φsE[y′] ≥ R′eb
′
x. (3)

Since the amount of trade credit that the supplier offers to the exporter depends on how

much downpayment α the exporter provides in the first period, the amount of trade credit

b′x essentially equals to the remaining payment of the amount of intermediate goods. I can

also explicitly rewrite the trade credit as b′x = (1− α)x.

Proposition 1 The total amount of trade credit b′x depends on the ability that the bank and

the supplier can recover the loss if the exporter defaults the contract.The higher the resale

ability of the supplier ξs and φs, or the lower the resale ability of the bank ξ, the larger the

trade credit could be.

Proof: See Appendix C.

There are two components in the collateral constraint applied to trade credit. On one

hand, in addition to the importance of capital, one should also notice that if the gap of

the resale ability between the bank and the supplier enlarges, the supplier would like to

provide more trade credit, since she can recover larger amount of undepreciated capital if

the exporter defaults. Intuitively, a high (ξs − ξ) could refer to those exporters with high

dependence on trade credit. Consider the case that given a fixed ξs, exporters that have

difficulties on borrowing from banks, i.e. a lower ξ (such as private-owned firms) rely heavily

on trade credit financing.

On the other hand, the supplier’s resales ability on final goods also matter. Intuitively,
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given the input-output structure of the final good in which intermediates goods play an

important role, higher sales of final goods imply to higher demand of intermediate goods. If

the supplier could collect more information from her customers, i.e. a higher φs, then she is

willing to provide more lending.

Combining the payoff in both stages, the exporter faces two borrowing constraints, ap-

plied to equation (3) and (4). Both equations with equation (2) together are the core of the

financial contracts, and imply that the total amount of lending should be no more than the

resale value of collaterals.

Following statement provides a simple definition for the financial contracts on bank credit

and trade credit.

Definition 1 (Financial Contracts on Trade Credit and Bank Credit)

(i) A bank credit financial contract between an agent {is, ie} and a bank consists of

lending {b′s, b′e} and the interest rate {R′}, and satisfies the condition on collateral constraints,

equation (1) and (2).

(ii) A trade credit financial contract between an exporter and a supplier consists of

downpayment {αx}, lending {b′x} and interest rate {R′e}, and satisfies the condition on the

collateral constraint, equation (3).

Therefore, the ability to borrow is bounded by the collateral enforcement constraints

of financial contracts as borrowers can default on their obligations. Given the condition of

above two financial contracts, the exporter repays to the payment and allocates his resources.

3.1.4 Discussion on the Trade Credit Contract

How much the supplier could recover final goods in the case of defaulting is a core feature

in my model. From the collateral constraint to trade credit - equation (3), the shock is

introduced to the second component. The shock A is observed by the supplier and the

exporter in the current period. The supplier anticipates the sale in next period based on

current shock and inputs. I consider the case that the shock follows a martingale process,
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i.e. E[A′|A] = A.17 Therefore, the supplier’s anticipation to the exporter’ future income is

based on current realization of the shock, i.e.

E[y′] = E[A′f(ke, x)] = E[A′]f(ke, x) = Af(ke, x).

Consider the example of a period with a positive productivity shock. The supplier ob-

serves a high A and would anticipates a high future sales, hence, is willing to provide trade

credit to the exporter. When coming to the period of the financial crisis with a low A,

the supplier would restrict trade credit provision, i.e. the left-hand side of equation (3) is

tightening. Therefore, sales y′ drops resulting from the contraction on trade credit.

It becomes clearer if I compare two scenarios for the collateral constraint to trade credit.

One is from my original model in which undepreciated capital and sales are used to be

collaterals. The other is that only undepreciated capital can be collateralized.

 Case 1: (ξs − ξ)(1− δ)ke ≥ R′ebx.

Case 2: (ξs − ξ)(1− δ)ke + φsAf(ke, x) ≥ R′ebx.

The main difference between both cases is whether the shock A affects trade credit. In the

case 1, since the supplier is not able to recover final goods if the exporter defaults, trade

credit does not vary with current shock, and hence, trade credit does not affect the sales

performance. In contrast, case 2 demonstrates the mechanism that a positive (negative)

shock could loosens (tightens) trade credit and hence increases (decreases) sales before the

direct effect from A. The following theorem concludes the key idea of the role of shocks on

the linkage between trade credit and sales performance.

Theorem 1 The current shock affects the exporter’s sales performance through the channel

of trade credit rather than bank credit. Trade credit amplifies the impact of the current shock

on the exporter’s future income.

17One can also consider that the shock A is persistent.
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Intuitively, the above theorem suggests that when the economy faces financial crises as

my case, the supplier has an anticipation that the exporter has low income in next period,

and thus restrict trade credit provision. The exporter’s income is affected by the negative

shock directly, and is also amplified by the tightening trade credit.

In sum, the above two types of collateral constraints suggest that if the exporter defaults,

the bank could recover ξ proportion of the undepreciated capital, while the supplier could

recover (ξs− ξ) proportion of the undepreciated capital and φs fraction of final goods. When

the economy is in good (bad) state, the supplier would extend (restrict) trade credit which

in turn amplifies the impact of shocks on sales performance.

3.1.5 Agents’ Budget Constraints

The supplier’s budget constraints can be written as

ws + αkθs = ds + ks − b′s and (1− δ)ks +R′e(1− α)kθs = d′s +R′b′s,

where ds and d′s are dividend payment, x is the intermediate good, b′s is how much the

supplier borrows from the bank with interest rate R′. R′e is the interest rate of trade credit.

Above two equations are the budget constraints in period 1 and period 2, respectively.

They equalize the available resources (left-hand side) to the expenditures (right-hand side).

The exporter’s budget constraints can be written as

we = de + ke − b′e + αkθs and A(kθe)
γ(kθs)

1−γ + (1− δ)ke = d′e +R′e(1− α)kθs +R′b′e,

where de and d′e are dividend payment, b′e is amount that the exporter borrows from the

bank with interest rate R′.

Analogous to the supplier’s budget constraints, both equations are the exporter’s budget

constraints in period 1 and period 2, respectively, and equalize the available resources (left-

hand side) to the expenditures (right-hand side).
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3.2 Solving The Model

For simplicity in solving agents’ problem and illustrating the financing mechanism, I ex-

plicitly assign the supplier’s production function as x = kθs , and hence b′x = (1 − α)kθs ,

and assign the exporter’s production function as y′ = A′(kθe)
γx1−γ, so E[y′] = A(kθe)

γx1−γ.

Finally, without losing any generality, I make the following assumption,

Assumption 4

(i) There is no capital depreciation, i.e. δ = 0,

(ii) The supplier’s resale ability on the final good equals to her advantage on recovering the

undepreciated capital over the bank, i.e. φs = ξs − ξ.

The above assumption is made from the purpose of simplifying the calculation and better

highlighting the linkage between external financing and sales growth. With Assumption 4,

the collateral constraints become

ξki ≥ R′b′i, i = e, s, (4)

and

(ξs − ξ)ke + (ξs − ξ)A′(kθe)γ(kθs)1−γ ≥ R′e(1− α)kθs . (5)

Agents’ budget constraints - equations (4) to (7) are also changed accordingly.

3.2.1 Solving Agents’ Problem by Nash Bargaining

The exporter and the supplier solve their problems by Nash bargaining.18 More specifically,

the inputs of capital ks and ke, agents’ borrowings from banks b′s and b′e, the downpayment

α and interest rate R′e are endogenously solved by maximizing the product of the supplier’s

surplus Vs = ds+βsd
′
s and the exporter’s surplus Ve = de+βed

′
e, with assigning the bargaining

power η to the supplier and (1− η) to the exporter:

18The Online Appendix also provide detailed description for another version of the collateral constraint
model with no Nash bargaining in which the agent solve the problem individually by taking downpayment
α and interest rate of trade credit R′e as given.
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max
{ks,ke,b′s,b′e,α,R′e}

(ds + βsd
′
s)
η(de + βed

′
e)

1−η

subject to

ws + αkθs = ds + ks − b′s, (6)

ks +R′e(1− α)kθs = d′s +R′b′s, (7)

we = de + ke − b′e + αkθs , (8)

A(kθe)
γ(kθs)

1−γ + ke = d′e +R′e(1− α)kθs +R′b′e, (9)

ξks ≥ R′b′s, (10)

ξke ≥ R′b′e, (11)

(ξs − ξ)ke + (ξs − ξ)A(kθe)
γ(kθs)

1−γ ≥ R′e(1− α)kθs , (12)

ds, d
′
s, de, d

′
e, ks, ke, b

′
s, b
′
e ≥ 0, ws ≥ ws, we ≥ we. (13)

With substituting both agents’ dividends by their budget constraints and assigning La-

grangian multipliers λs, λe and µ to the collateral constraints, equation (10), (11) and (12),

respectively, I can derive following first order conditions with respective to ks, ke, b
′
s, b

′
e, α

and R′e.

(1− η)V −ηe V η
s

{
βe(1− γ)θAkθγe k

θ(1−γ)−1
s − [βeR

′
e(1− α) + α]θkθ−1s

}
+

ηV 1−η
e V η−1

s

{
αθkθ−1s − 1 + βs[1− (1− α)θR′ek

θ−1
s ]

}
+

λsξ + µθ[(ξs − ξ)(1− γ)Akθγe k
θ(1−γ)−1
s −R′e(1− α)kθ−1s ] = 0

(14)

(1− η)V −ηe V η
s [βe(γθAk

θγ−1
e kθ(1−γ)s + 1)− 1] + λeξ+

µ(ξs − ξ)(1 + γθAkθγ−1e kθ(1−γ)s ) = 0

(15)

η(1− βsR′)V 1−η
e V η−1

s = λsR
′ (16)
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(1− η)(1− βeR′)V −ηe V η
s = λeR

′ (17)

(1− βsR′e)ηV 1−η
e V η−1

s + µR′e = (1− βeR′e)(1− η)V −ηe V η
s (18)

ηβsV
1−η
e V η−1

s − (1− η)βeV
−η
e V η

s = µ (19)

Given the assumption βe < βs < βb and βb = 1
R′
> βs, I have 0 < (1−βsR′) < (1−βeR′) <

1, and hence, the left-hand sides of equation (16) and (17) are positive. Therefore, the

Lagrangian multipliers λs and λe are positive, which suggests that the borrowing constraints

applied to bank credit are binding.

Substituting the term ηV 1−η
e V η−1

s in equation (19) to (20), I obtain the following equation

(1− η)V −ηe V η
s (βs − βe) = µ. (20)

The assumptions βs > βe and ξs > ξ imply that the left-hand-side of equation (20) is

positive, and hence the Lagrangian multiplier µ is positive, which suggests that the borrowing

constraint applied to trade credit is also binding. Therefore, those three binding constraints

- equation (10), (11) and (12), along with equation (14) to (19) characterize the solution.

Combining equation (19) and (20), I can derive

Ve
Vs

=
1− η
η

. (21)

Substituting λe in equation (17) and µ in equation (20) to equation (15), I have

γθAkθγ−1e kθ(1−γ)s =
1− βe − ξs(βs − βe)− ξ(βb − βs)

βe + (ξs − ξ)(βs − βe)
. (22)

Substituting λs in equation (16) and µ in equation (20) to equation (14), and then using

equation (21), I have

βsθ(1− γ)(ξs − ξ)Akθγe kθ(1−γ)−1s = 1− ξ(βb − βs)− βs. (23)
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Therefore, I obtain the optimal value of ks and ke from equation (22) and (23).

k∗s =

(
(1− γ)θA

{
γ

1−γ [βe + (ξs − ξ)(βs − βe)]
}θγ

[βs(ξs − ξ)]1−θγ

[1− βe − ξs(βs − βe)− ξ(βb − βs)]θγ[1− ξ(βb − βs)− βs]1−θγ

) 1
1−θ

, (24)

and

k∗e =
( γ

1− γ
)( [βe + (ξs − ξ)(βs − βe)][1− ξ(βb − βs)− βs]

βs(ξs − ξ)[1− βe − ξs(βs − βe)− ξ(βb − βs)]

)
k∗s . (25)

Plugging k∗s and k∗e to the binding borrowing constraints - equation (10) and (11), I have

the optimal borrowings from the bank, b∗s and b∗e.

b∗s = βbξk
∗
s and b∗e = βbξk

∗
e . (26)

Finally, α and R′e can be solved by using the binding borrowing constraint applied to

trade credit - equation (12), and the ratio of agents’ surplus, Ve/Vs in equation (21).

α∗ = [ηwe − ws(1− η)]k∗−θs + (1− η)[1− βbξ − βs(1− ξ)]k∗1−θs

+ AΨ2k
∗γθ
e k∗−γθs + [(βb − βe)ηξ −Ψ1]k

∗
ek
∗−θ
s ,

(27)

and

R
′∗
e =

(ξs − ξ)[Ak∗γθe k
∗(1−γ)θ
s + k∗e ]

(1− α∗)kθs
(28)

where

Ψ1 = βs(ξs − ξ) + η[1− βe − (βs − βe)(ξs − ξ)] and

Ψ2 = βeη[1− (ξs − ξ)]− βs(1− η)(ξs − ξ).

Thus, the optimal borrowing on trade credit is b
′∗
x = (1− α∗)kθ∗s R

′∗
e .

Lemma 2 There exists zero downpayment, i.e. α∗ = 0, in the case that the shock A satisfies

a specific condition.

Proof: See Appendix C.
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If the shock A satisfies a certain condition19, the exporter dose not deliver any downpayment

when ordering intermediate goods. Intuitively, if the current state of the economy is good

enough, then the supplier has a very high anticipation of the exporter’s future income, and

hence dose not request any downpayment.

Proposition 2 The optimal Downpayment α∗ and the optimal interest rate R′∗e increases

with the exporter’s initial wealth, and decreases with the supplier’s initial wealth, i.e.

(i) ∂α∗

∂we
> 0 and ∂α∗

∂ws
< 0,

(ii) ∂R′∗e
∂we

> 0 and ∂R′∗e
∂ws

< 0.

Proof: See Appendix C.

The above proposition suggests that agents’ initial wealth could affect their external financing

structure. On one hand, since the exporter faces tougher financial constraints compared to

the supplier, hence, a low initial wealth requires the exporter to deliver a small amount of

downpayment to the supplier. On the other hand, similarly, the supplier’s initial wealth also

restricts the condition of the trade credit contract. 20

Given the optimal inputs of ke and ks, I obtain the optimal production of final goods

y′∗ = A′(kθ
∗
e )γ(kθ

∗
s )1−γ.

Proposition 3 The optimal production of final goods increases with the shock, i.e. ∂y∗

∂A
> 0

Proof: See Appendix C.

Proposition 3 depicts the respond of output to the current realization of the shock, and

suggests that if the economy is booming today, the exporter tends to produce more in the

next period.

In an economy with input-output structure, intermediate inputs play an important role

in linkage between external financing structure and firms performance. In particular, in

19See Appendix C for the condition that ensures zero downpayment.
20Rampini and Viswanathan (2015) provide detailed discussion to the role of agents’ initial wealth by

studying a dynamic dual-collateral-constraint model.
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addition to trade credit, the exporter’s sales performance can be also presented as a form of

intermediate goods.

Given the production function of final goods y′ and intermediate goods x, I can rewrite

y′ as a function of x by using the optimality condition, equation (24) and (25),

y′∗ = A′(kθ
∗

e )γ(kθ
∗

s )1−γ = A′
( γΩ

1− γ
)θγ
x∗, (29)

where

Ω =
[βe + (ξs − ξ)(βs − βe)][1− ξ(βb − βs)− βs]
βs(ξs − ξ)[1− βe − ξs(βs − βe)− ξ(βb − βs)]

.

The above equation highlights the importance of intermediate goods. Since trade credit

is delivered as a form of intermediate goods, (1 − α)xR′e, hence the linkage between trade

credit and sales performance is enhanced by the input of intermediate goods. Intuitively,

with the increasing complexity of modern products, a wide range of intermediate goods have

been used to most final goods in the economy, such as China in my case. Most exporting

firms are assembling and precessing manufacturers, and encounter with a wide variety of

intermediate inputs. Thus, they heavily rely on the support from their suppliers - trade

credit.

3.2.2 Discussion

Since η does not show up in the optimality condition for k∗s and k∗e , the optimal input of

capital does not depend on agents’ bargaining power. Instead, the bank’s resales ability ξ and

the supplier’s resale ability ξs jointly determine the choice of capital. Intuitively, since agents

are financial constrained and their choices of the capital input rely on external financing,

hence, how much lenders are able to recover the loss in the case of borrows’ defaulting affects

how much capital would be invested.

In contrast, the optimal function of α∗ and R
′∗
e suggests that the downpayment and

interest rate of trade credit indeed depend on the bargaining power η. Hence, the supplier
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and the export somehow bargain on the condition of the trade credit contract. It is also

true that other factors could affect both variables, such as agents’ resales ability and initial

wealth.

Agents’ resale ability is important in my model. The bank’s resale ability might not

vary much, which arises from the case of China. External financing on bank credit in China

mainly comes from commercial banks. Since most commercial banks are state-owned and

follow similar lending policy, their resale ability may not vary much. It is widely accepted that

state-owned enterprises could be easier obtain bank credit financing, compared to private-

owned or foreign-owned enterprises. However, the supplier’s resale ability is another case.

The exporter’s sales position affects the provision of trade credit. For those firms made more

use of trade credit, their suppliers may have higher resale ability, and hence are willing to

provide relatively larger amount of trade credit.

As discussed in Proposition 2, agents’ initial wealth is also important. In fact, what it

matters comes mainly from the difference of the initial wealth between the supplier and the

exporter. Since I assume that the exporter has less initial wealth than the supplier, the

exporter faces tougher financial constraints and needs to rely more on external financing. It

is true that as the exporter increases his initial wealth, he would reduce the borrowing on

trade credit, and hence, the impact of the financial friction from borrowing on trade credit

would decrease.

4 Quantitative Analysis

4.1 Parameterization

Cobb-Douglas Factor Shares - “ θ and γ”

There are two Cobb-Douglas factor shares, which I assign their value from the empirical

evidence in previous studies. The capital share θ is set to be 1/2. Although the usual value

of most studies is 1/3, the case of China is different due to its specific factor structure.
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Brandt, Hsieh, and Zhu (2008) and Zhu (2012) suggests that in order to match China’s

average capital income share reported in China’s national account, the value of capital share

is approximately 1/2.

I set γ = 0.32 to match the share of intermediate goods which is about 68%. Again, it

is slightly different from the general case in which is about 1/2.21 Jones (2011) shows that

the average share of intermediate goods of 35 OECD countries, including China, Brazil and

India, is about 52.6%, with a standard deviation of about 6%. However, in his study, China

has the highest share among all countries at about 68%.

Discount Factors - “ βb, βs and βe”

The bank’s discount factor βb is calibrated directly from the data in which I can obtain

the amount of interest payment. The average interest rate from 2005 to 2009 is about 2.29 %,

which is slightly lower than the average rate of five-year government bond, 2.68%, but closed

to the rate of one-year government bond, 2.3%, based on the database in Asian Development

Bank. Therefore, βb = 1/(1 + 0.0229) = 0.9776. Given the assumption 1, βe < βs < βb,

I explicitly impose another assumption that the difference among agents’ discount factors

equalizes to 0.5%, and hence, I have βs = 0.9726 and βe = 0.9676.

Resale Ability - “ ξ and ξs”

The resale ability of the bank ξ is calibrated from the data. Since the data provides firm-

level information on bank loans and undepreciated capital, using the collateral constraint

applied to the bank, equation (15) and (16), I have ξ = 0.7666.

The resale ability of the supplier is also calibrated from the data, with slightly difference

from that of the bank. Since the interest rate R′e is endogenous in this model, and the data

does not have information on R′e, I cannot use the collateral constraint - equation (17) to

back out ξs. Instead, I first calibrate (ξs − ξ) using the data, and then back out ξs from

the calibrated value of ξ. Using the ratio of account payable to total debt and the ratio of

capital to total sales, I have ξs − ξ = 0.0622, and hence ξs = 0.7666 + 0.0622 = 0.8288.

21Jones (2011) suggests that the share of intermediate goods in the U.S. is about 1/2.
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The Bargaining Power - “ η”

The Bargaining power between the supplier (lender) and the exporter (borrower) cannot

be inferred directly from the data. I use the comparison of the total amount of trade credit

(accounts payable) and trade finance (accounts receivable) to proxy η, since trade credit

refers to borrowing while trade finance refers to lending. The average amount of trade credit

and that of trade finance are very close, and thus, I set η to be 0.5 in my benchmark model.

In other words, the exporter and the supplier have equal bargaining power.

Initial Wealth - “ ws and we”

The initial wealth is calibrated from the data by using the difference between total assets

and total debt. Since I cannot identify specific suppliers from the data, I let non-exporters

be suppliers in order to distinguish the exporter and the supplier. In my benchmark model,

ws = 9.8638 and we = 8.2334, which is also consistent with the assumption that the exporter

faces tougher financial constraint than the supplier, and hence the initial wealth of the

exporter is smaller than that of the supplier, i.e. we < ws.

The shock - “A”

I break down the shock in my model into two components: the aggregate component

across year and the heterogenous component across agents.22 Since I observe inputs of capi-

tal and labor from data, both components are calibrated by using the standard Cobb-Douglas

production function. The aggregate component is a year specific shifter of either demand or

productivity efficiency and differs across years, while the cross-section heterogenous compo-

nent differs across agents.

4.2 Results

After calibrating the parameters, I am able to simulate the model, specifically, ks, ke, b
′
s, b
′
e, α

and R′e. Given ks and ke, I can also simulate sales of final goods y = A(kθe)
γ(kθs)

1−γ and the

22I also break down the shock into three component: aggregate, industrial and individual. Nevertheless,
I obtain similar results as that from two components.
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borrowing on trade credit b′x = (1 − α)kθs . Therefore, I obtain new data generated by the

model.

4.2.1 Sales Growth

The main goal of my model is to generate results which are consistent with my empirical

findings. In particular, firms with higher dependence on trade credit would grow faster before

the 2007-08 financial crisis, but experience a larger decline after the crisis.

Firstly, I conduct a comparison of sales growth between the model and data. Specifically,

I normalize sales growth by the mean. Figure 6 depicts the result of this comparison across

different groups - the whole economy and five quintiles of trade credit. Figure 6 shows that

sales growth generated by the model matches closely with that from the data. All panels

in this figure suggest that the growth slows down after the 2005 and drop significantly after

the 2007-08 financial crisis. In addition, the slope of this decline is steeper for firms that rely

more on trade credit.

Secondly, I replicate the same exercise as that in Figure 1. Figure 6 depicts sales growth

across five quintiles of trade credit simulated by the model and presents similar patterns as

that in Figure 1. Figure 7 suggests that firms that rely more on trade credit grew faster

before the 2007-08 financial crisis but experience a sharper decline after the crisis. The

pattern generated by the model presents a relatively clear path across different quintiles.

Sales growth increase with the degree of borrowing on trade credit before the crisis and

decrease with that after the crisis.

4.2.2 Matching the Empirical Findings

Using the data generated from my model, I run the same regression as the one in my

empirical part, equation (1). Table 8 reports the comparison between my model and the

data. The second column of the table is the regression generated by the model, and it

suggests that firms with 1% higher borrowing on trade credit increase sale growth by 0.299%
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before the financial crisis, but decline by 0.272% in the post-crisis period. The coefficient

of the interaction between post crisis dummy and bank credit is not statistically significant.

Although the magnitude is slightly larger than that from the data, the simulated results

match the empirical results closely.

4.2.3 Changing the Exporter’s Initial Wealth

As discussed in previous section, agents’ initial wealth could affect the optimality condition.

I then conduct another simulation exercise, in which I allow the exporter’s initial wealth we

to change plus and minus 1% and 5%. Table 9 reports the comparison for the regression

results based on different value of the exporter’s initial wealth. The results are consistent

with what Proposition 2 states. Increasing the exporter’s initial wealth could decreases the

impact of the financial friction from the borrowing on trade credit. Specifically, the coefficient

of the interaction between the post-crisis dummy and trade credit increases from −0.272 to

−0.253 when the exporter’s initial wealth increases 1%. Intuitively, exporters with ample

initial wealth could reduce the dependence on trade credit and thus its amplification effect.

4.2.4 Changing the supplier’s resale ability

Although the collateral - undepreciated capital and sales performance may determine how

much trade credit the exporter could obtain, one may also consider that for those firms made

more use of trade credit, their suppliers may have higher resale ability, and hence would like

to lend more to their customers. Similar to above exercise, I allow the supplier’s resale

ability ξs to change plus and minus 1% and 5%. Table 10 provides estimate results based

on different value of the supplier’s resale ability. If the supplier can recover more from the

collateral, taking the case of increasing ξs by 1% , the coefficient of the interaction between

the post-crisis dummy and trade credit decreases from −0.272 to −0.329 In other words, the

impact of the financial crisis on the exporter’s sales performance could be enlarged, since

the exporter makes more use of trade credit due to the relaxing lending constraint from the
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supplier.

4.2.5 Counterfactual Exercise

(i) Without collateralizing on sales

Since the supplier’s ability of collateralizing on sales enhanced the impact of shocks on

the linkage between trade credit and sales performance, I conduct a counterfactual exercise,

in which I eliminate the supplier’s resale ability on sales from the collateral constraint to

trade credit, i.e. φs = 0, and hence both bank credit and trade credit rely on the collaterals

from capital. The model is corresponding to the Case II in section 3. I resolve the model

and obtain following solutions. (Appendix D provides detail deviations for this model. )

k̂∗s =

(
θγA

{
(βe
βs

)( γ
1−γ )[1− ξ(βb − βs)− βs]

}θγ−1
[1− βe − ξs(βs − βe)− ξ(βb − βs)]θγ

) 1
1−θ

, (30)

k̂∗e =
(βe
βs

)( γ

1− γ
)( 1− ξ(βb − βs)− βs

1− βe − ξs(βs − βe)− ξ(βb − βs)

)
k̂∗s , (31)

α̂∗ = [ηwe − ws(1− η)]k̂∗−θs + (1− η)[1− βbξ − βs(1− ξ)]k̂∗1−θs

+ AΨ2k̂
∗γθ
e k̂∗−γθs + [(βb − βe)ηξ −Ψ1]k̂

∗
e k̂
∗−θ
s ,

(32)

R̂
′∗
e =

(ξs − ξ)[Ak̂∗γθe k̂
∗(1−γ)θ
s + k̂∗e ]

(1− α̂∗)k̂θs
, (33)

b̂∗
′

s = βbξk̂
∗
s , and b̂∗

′

e = βbξk̂
∗
e . (34)

I run my baseline regression using the above solution. Table 11 reports the comparison

to the benchmark model. Column 2 shows that the coefficient of the interaction between

post dummy and trade credit is −0.079 which is much smaller, compared to −0.272 in my

benchmark model. Meanwhile, the coefficient of the interaction between post dummy and

bank credit becomes much larger and statistically significant. Intuitively, if the supplier could

recover only capital in case of defaulting by the exporter, trade credit would be shrinking.
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The main reason is that given the bank’s priority in the case of borrowers default, the bank

has recover a relatively large proportion of capital, ξke. Although the supplier is able to

recover the additional amount, it is relatively small, and thus, the supplier provides very

limited amount of trade credit to the exporter. In this case, bank credit plays a more

significant role than trade credit.

Therefore, this counterfactual exercise suggests that the effect of financial crisis featured

by imposing the component of collateralizing the exporter’s sales position is key element to

capture patterns observed in the data.

(ii) Fully accessing bank credit

Since trade credit amplifies the impact of the financial crisis on sales performance, I

conduct a counterfactual exercise, in which I assume that the exporter could borrow as

much as he wants from the bank. I call it as a frictionless economy, in which agents’ problem

would be changed. The supplier could receive full payment in period 1 and does not lend

anything to the exporter. Hence, there is no Nash bargaining in the frictionless economy.

The exporter and the supplier solve their problems separately. The optimality is following,

k̃∗s =

(
1− [(βb − βs)ξ + βs]

θ

) 1
θ−1

, (35)

k̃∗e =

(
1− βe + (βb − βe)ξ
βeθγAk̃

∗θ(1−γ)
s

) 1
θγ−1

, (36)

b̃∗
′

s = βbξk̃
∗
s , and b̃∗

′

e = βbξk̃
∗
e . (37)

Detailed description and deviations for the frictionless economy are provided in the Appendix

D.

I run my baseline regression using the above solution. Table 12 reports the comparison of

estimates for both models. Firstly, the coefficient of the post dummy is not significant, if a

firm could fully access bank credit, the effect of financial crisis on sales growth becomes small.
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Secondly, Column 2 shows that firms with 1% higher dependence on external financing could

experience 0.07% decline on sales growth after the financial crisis. The impact of the crisis

on sales performance through the external financing is weaken.

Therefore, this counterfactual exercise suggests that borrowing on trade credit could

amplify the impact of the financial crisis on sales performance. Intuitively, if the exporter

has better financial position so that he does not rely on trade credit financing at all, like

increasing personal wealth or fully accessing bank credit, the sales performance would be

improved. It also provides a policy implication. If Chinese commercial banks relaxes the

lending restrictions or reduces the lending bias to non-state-owned enterprise, firms could

suffer less during the 2007-08 financial crisis.

5 Conclusion

Most studies in financial economics focus on the channel of bank credit. This paper provides

an alternative framework to study the linkage between firms financing structure and growth

through the channel of trade credit. For economies with lower levels of financial development,

such as China in my case, bank credit may not be available to all firms, especially for

exporting firms. Trade credit becomes an important alternative means of external financing.

However, since trade credit is more vulnerable than bank credit, firms that rely more on

trade credit could suffer more from financial crises.

Firstly, I provide empirical evidence to illustrate that trade credit plays an important role

on Chinese manufacturing firms’ sales performance, especially during the period of the 2007-

08 financial crisis. Secondly, I present a theory in a manner consistent with my empirical

findings. The main result is that trade credit amplifies the impact of the financial crisis on

firms’ sales growth.

The key insight of my framework for capturing the empirical findings is that there are

two types of collateral constraints in my model, and the sales position of the firm can be
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considered as the collateral for use in obtaining trade credit. Another important feature

of my model is to incorporate with the input-output structure - denoting trade credit as

intermediate inputs. With the increasing complexity of modern products, a wide range of

intermediate goods have been used to most final goods. Since most Chinese exporting firms

are assembling and precessing manufacturers who deal with a wide variety of intermediate

inputs, they rely heavily on the support from suppliers - trade credit. The quantitative

analysis shows that my model is able to replicate the empirical findings, and some factors

could mitigate the impact of financial crises on sales performance, such as borrowers with

higher initial wealth and lenders with higher resales ability.

Counterfactual exercises may provide policy implications. Since most commercial banks

are state-owned in China, state-owned enterprises obtain better access to bank credit than

other firms. Firms with high productivity may not be able to obtain enough financing, which

could increase the severity of resource misallocation in China. Thus, relaxing the restrictions

of bank credit lending to non-state-owned enterprises could reduce their dependence on trade

credit and thus mitigate the amplification effect of trade credit.
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Appendix A - Data

I mainly follow the method introduced by Brandt, Biesebroeck, and Zhang (2012) in con-

structing a panel. Since the standard data collection varies from year to year. I need to

adopt a multiple sorting method to build a new panel data. Basically, there are three stages

in matching the original data over time.

First of all, I match two consecutive years. In this stage, I match firms by firm IDs which

are alpha-numeric. The numerical firm IDs are used to link firms over time. Yet, since there

exist some duplicate IDs, it is necessary to apply other information to match other firms

that cannot be matched by IDs. For this, I combine firm name, legal person, phone number,

zip code, founding year, geographic code, industry code, name of town and name of main

product together.

In the second stage, I match three consecutive years. Due to collection errors, some firms

may disappear from the second year but appear again in the following year, hence, I need

to collect some mismatched firms first, and follow the same matching process to link them

again.

In the final stage, I create a five-year unbalanced panel. I drop some unreasonable

observations, e.g., those in which the value of total debt or account receivable is larger than

total assets and the total volume of export is larger than total sales, After ignoring some

extreme value by trimming the 1% tails, eventually I have a unbalanced panel, in which

there are 1.9 million observations.

Since there has been reported that the survey contains some collecting error, I follow

some basic economic sense and standard accounting rules to eliminate some observations.

In particular, I delete negative value for some key variables, such as total assets, total debt,

total sales, total export, and value added, and drop some unreasonable observations. For

example, drop if fixed asset is bigger than total assets; if total debt is bigger than total

assets; current debt is bigger than total debt; long-term debt is bigger than total debt, etc.

With above process, I end up with about 1.68 million observation in my final panel.
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Appendix B - Empirical Studies

B1 - Variables Definition

Variable Definition

Trade Credit account payable
total asset

Trade Finance account receivable
total asset

Bank Credit bank loan
total asset

Labor Intensity total wage
value added

Capital Intensity fixed asset
value added

Sales Growth total salest − total salest−1

Bank Loan total debt− long term debt− account payable

Post = 1 if the observation is in the year after 2008

Employment year-end total labor

Inventory year-end inventory

Age current year − founding year

Size total asset

B2 - Robustness Checks

I conduct several sensitivity tests. Firstly, I provide Placebo (non-existent) tests by assuming

crises in other time periods. Basically, implementing Placebo tests is to resolve the concern

that trade credit at a given point in time is generally positively correlated with unobserved

with-in firm changes in opportunities on increasing sales from the following year to the year

after that. Secondly, for the purpose of the omitted biased check, I include inverse trade

credit - the ratio of account receivable to total assets, and inventory, which may potential

affect sales growth. I also conduct additional regressions considering the effect from the year

dummies, time trend, and size. Table A3 and Table A4 provides both results.
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Appendix C - Computation and Proofs

C1 - Solving Agents’ Problem by Nash Bargaining

I first substitute both agents’ dividend ds, d
′
s, de and d′e by their budget constraints, equation

(6) to (9), and then assign Lagrangian multipliers λs, λe and µ to the collateral constraints,

equation (10) to (12). Finally, I have following equation.

L =
{
ws + αkθs − ks + b′s + βs[(1− δ)ks +R′e(1− α)kθs −R′b′s]

}η{
we − ke + b′e − αkθs

+ βe[A(kθe)
γ(kθs)

1−γ + (1− δ)ke −R′e(1− α)kθs −R′b′e]
}1−η

+ λs(ξks −R′b′s)

+ λe(ξke −R′b′e) + µ[(ξs − ξ)ke + (ξs − ξ)A(kθe)
γ(kθs)

1−γ −R′e(1− α)kθs ]

(38)

Then, taking the first order conditions with respective to ks, ke, b
′
s, b
′
e, α and R′e and using the

condition R′ = 1/βs, I have following six equations to characterize the optimality condition.

(1− η)V −ηe V η
s

(
βe(1− γ)θAkθγe k

θ(1−γ)−1
s − [βeR

′
e(1− α) + α]θkθ−1s

)
+

ηV 1−η
e V η−1

s

(
αθkθ−1s − 1 + βs[1− δ + (1− α)θR′ek

θ−1
s ]

)
+

λsξ + µθ[(ξs − ξ)(1− γ)Akθγe k
θ(1−γ)−1
s −R′e(1− α)kθ−1s ] = 0

(39)

(1− η)V −ηe V η
s [βe(γθAk

θγ−1
e kθ(1−γ)s + 1− δ)− 1] + λeξ+

µ(ξs − ξ)(1 + γθAkθγ−1e kθ(1−γ)s ) = 0

(40)

η(1− βsR′)V 1−η
e V η−1

s = λsR
′ (41)

(1− η)(1− βeR′)V −ηe V η
s = λeR

′ (42)

(1− βsR′e)ηV 1−η
e V η−1

s + µR′e = (1− βeR′e)(1− η)V −ηe V η
s (43)

ηβsV
1−η
e V η−1

s − (1− η)βeV
−η
e V η

s = µ (44)

Remaining deviations are in the text.
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C2 - Proofs

C2.1 - Proof of Lemma 1

Proof : using equation (2) in the text, I have

∂b′e
∂ξ

=
(1− δ)ke

R′

From 0 < δ < 1, I have ∂b′e
∂ξ

> 0.

Q.E.D

C2.2 - Proof of Lemma 2

Proof : α∗ = 0.

From the equation (27),

[ηwe−ws(1−η)]k∗−θs +(1−η)[1−βbξ−βs(1−ξ)]k∗1−θs +AΨ2k
∗γθ
e k∗−γθs +[(βb−βe)ηξ−Ψ1]k

∗
ek
∗−θ
s = 0.

Since k∗s and k∗e have complex functions, I simplify the expression by defining the following

variables.

G =
[βe + (ξs − ξ)(βs − βe)][1− ξ(βb − βs)− βs]
βs(ξs − ξ)[1− βe − ξs(βs − βe)− ξ(βb − βs)]

, so k∗e =
γ

1− γ
Gk∗s ,

and

H = (1− γ)θGθγ
( βs(ξs − ξ)

1− ξ(βb − βs)− βs
)

Then, with some arrangements, the first equation becomes,

[ηwe−ws(1−η)]A
−1
1−θH

−θ
1−θ +(1−η)[1−βbξ−βs(1−ξ)]H+Ψ2H

γθ+[(βb−βe)ηξ−Ψ1]GH = 0
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Isolating A in the left-hand side, I can simplify the above equation as,

A = Hθ

(
ηwe − ws(1− η)

(1− η)[1− βbξ − βs(1− ξ)]H + Ψ2Hγθ + [(βb − βe)ηξ −Ψ1]GH

)1−θ

which is the condition that ensures zero downpayment.

Q.E.D

C2.3 - Proof of Proposition 1

(i) ∂b′e
∂ξs

> 0 and ∂b′e
∂φs

> 0,

(ii) ∂b′x
∂ξ

< 0.

Proof : (i) using equation (3) in the text, I have

∂b′e
∂ξs

=
(1− δ)ke

R′e
> 0 and

∂b′e
∂φs

=
y′

R′e
> 0.

(ii)

∂b′e
∂ξ

=
(δ − 1)ke

R′e
< 0.

Q.E.D

C2.4 - Proof of Proposition 2

(i) ∂α∗

∂we
> 0 and ∂α∗

∂ws
< 0,

(ii) ∂R′∗e
∂we

> 0 and ∂R′∗e
∂ws

< 0.

Proof : (i)

∂α∗

∂we
= ηk−θ

∗

s > 0 and
∂α∗

∂ws
= −(1− η)k−θ

∗

s < 0

Clearly, given 0 < η < 0, the first equation is bigger than zero, while the second is smaller

than zero.
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(ii)

∂R
′∗
e

∂we
=

(ξs − ξ)[Ak∗γθe k
∗(1−γ)θ
s + k∗e ]η(

k∗θs + Ψ3k∗s + Ψ2Ak
∗γθ
e k

∗(1−γ)θ
s + [Ψ1 − (βb − βe)ηξ]k∗e + [ws(1− η)− ηwe]

)2
and

∂R
′∗
e

∂we
=

(ξs − ξ)[Ak∗γθe k
∗(1−γ)θ
s + k∗e ](η − 1)(

k∗θs + Ψ3k∗s + Ψ2Ak
∗γθ
e k

∗(1−γ)θ
s + [Ψ1 − (βb − βe)ηξ]k∗e + [ws(1− η)− ηwe]

)2
Again, given the value of η, it is easy to see that the numerator of ∂R′∗e

∂we
is larger than zero,

while the numerator of ∂R′∗e
∂ws

is less than zero.

Q.E.D

C2.5 - Proof of Proposition 3

Proof :

∂y′

∂A
= kγek

1−γ
s + Aγkγ−1e k1−γs

(∂ke
∂A

)
+ A(1− γ)kγek

−γ
s

(∂ks
∂A

)
= kγ−1e k−γs

[
keks + Aγks

(∂ke
∂A

)
+ A(1− γ)ke

(∂ks
∂A

)]
Let M = keks + Aγks

(
∂ke
∂A

)
+ A(1− γ)ke

(
∂ks
∂A

)
, and ke = Nks, where

N =
( γ

1− γ
)( [βe + (ξs − ξ)(βs − βe)][1− ξ(βb − βs)− βs(1− δ)]

βs(ξs − ξ)[1− βe(1− δ)− ξs(βs − βe)− ξ(βb − βs)]

)

From ks > 0 and ke > 0, I have N > 0.

Then, with some arrangements, I have

∂y′

∂A
= keks + AγksN

(∂ks
∂A

)
+ A(1− γ)ksN

(∂ks
∂A

)
= Nk2s + AksN

(∂ks
∂A

)
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Now, I solve firstly for ∂ks/∂A. Define ks = P
1

1−θ , then

∂ks
∂A

=
1

1− θ
(P)

θ
1−θ

∂P

∂A

Put it back to M, I have

M = Nk2s + Aks
N

1− θ
(P)

θ
1−θ

M

A
= Nk2s + ks

N

1− θ
(P)

1
1−θ =

(2− θ
1− θ

)
Nk2s

Thus,

∂y′

∂A
= kγ−1e k−γs

(2− θ
1− θ

)
Nk2s

Since ks > 0, ke > 0 and N > 0, ∂y′

∂A
> 0

Q.E.D

47



Appendix D - Quantitative Analysis

D1 - A Model without collateralizing on sales

If the supplier is not able to recover final goods, i.e. φs = 0, the collateral constraint to trade

credit simply becomes,

(ξs − ξ)k̂e ≥ R′e(1− α)k̂θs (45)

Therefore, agents’ problem becomes

max
{ks,ke,b′s,b′e,α,R′e}

(ds + βsd
′
s)
η(de + βed

′
e)

1−η

subject to equation (11) to (16), (18) and (50).

The first order conditions are similar to the benchmark model, except F.O.C. to k̂s and k̂e,

(1− η)V −ηe V η
s

(
βe(1− γ)θAk̂θγe k̂

θ(1−γ)−1
s − [βeR

′
e(1− α) + α]θk̂θ−1s

)
+ λsξ+

ηV 1−η
e V η−1

s

(
αθk̂θ−1s − 1 + βs[1− δ + (1− α)θR′ek̂

θ−1
s ]

)
− µθR′e(1− α)k̂θ−1s = 0

(46)

and

(1− η)V −ηe V η
s [βe(γθAk̂

θγ−1
e k̂θ(1−γ)s + 1− δ)− 1] + λeξ + µ(ξs − ξ) = 0 (47)

Following similar steps as solving the benchmark model in the text, I can obtain the

optimal value of k̂s, k̂e, b̂
′
s, b̂
′
e, α̂ and R̂′e.

D2 - The Frictionless Economy

The frictionless economy is defined as an economy that agents are able to borrow as much

as they want from the bank. Therefore, the exporter is able to deliver full payment for the

intermediate goods, and does not need to borrow from the supplier at higher interest rate.

In this economy, since there is no trade credit contracts and hence no Nash bargaining. The

exporter and the supplier solve the maximization problem separately.
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The supplier’s problem can be written as

max
{ks,b′s}

ds + βsd
′
s

subject to

ws + kθs = ds + ks − b′s, (48)

(1− δ)ks = d′s +R′b′s, (49)

ξ(1− δ)ks ≥ R′b′s, (50)

ks, b
′
s ≥ 0, ws ≥ ws. (51)

Now, denote S as the objective function of the maximization problem after substituting

ds and d′s,

S = ws + kθs − ks + b′s + βs[(1− δ)ks −R′b′s] (52)

Taking a look at b′s first, I have

∂S

∂b′s
= 1− βsR′ = 1− βs

βb
> 0.

Since S increases with b′s, the supplier borrows up to the limit. Thus, the collateral constraint

is binding.

ξ(1− δ)ks = R′b′s. (53)

Then, after substituting b′s into S and taking the first order condition on k′s, I have

k∗s =

(
1− (1− δ)[(βb − βs)ξ + βs]

θ

) 1
θ−1

, (54)

which is the same to the equation (34) in the text.

Therefore, from the binding collateral constraint, the optimal borrowing from the bank
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is

b
′∗
s = βbξ(1− δ)k∗s . (55)

The exporter’s problem can be written as

max
{ke,b′e}

de + βed
′
e

subject to

we = de + ke + kθs − b′e (56)

A(kθe)
γ(kθs)

1−γ + (1− δ)ke = d′e +R′b′e (57)

ξ(1− δ)ke ≥ R′ke (58)

Analogous to the supplier’s problem, I can show that the collateral constraint is binding,

and taking the first order condition for ke, I have

k∗e =

(
1− βe(1− δ) + (βb − βe)(1− δ)ξ

βeθγAk
∗θ(1−γ)
s

) 1
θγ−1

, (59)

which is the same to the equation (35) in the text.

From the binding collateral constraint, the optimal borrowing from the bank is

b
′∗
e = βbξ(1− δ)k∗e . (60)

Therefore, in this frictionless economy, the exporter’s external financing solely comes

from the bank.
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Table 1: Sales growth before and after the financial crisis 
 

This table presents difference-in-means measures of firm-level yearly sales growth in the year 2006 and 
2009. The reported means are cross-sectional averages for the relevant year. Before crisis refers to the year of 
2006. After crisis refers to the year of 2009. Trade credit is the ratio of accounts payable to total asset. Bank 
credit is the ratio of bank loans to total asset. Permanent firms refer to firms that stay in the whole sample 
(from 2004 to 2009). Permanent exporting firms refers to permanent firms with exporting sales.  

 
 Panel A: Financing structure and sales growth – permanent firms  
 

Trade	  Credit	   Before Crisis  After Crisis  Difference  
1st quintile 18.1%  3.3% − 14.9% 
2nd quintile 18.1%  2.1% − 16.0% 
3rd quintile 18.1%  1.9% − 16.2% 
4th quintile 18.2% − 0.6% − 18.8% 
5th quintile 17.6% − 4.3% − 22.4% 

 
Bank Credit  Before Crisis  After Crisis  Difference  
1st quintile 19.2%  2.7% − 16.5% 
2nd quintile 18.6%  0.8% − 17.8% 
3rd quintile 17.5%  0.5% − 17.0% 
4th quintile 17.4% − 0.6% − 18.0% 
5th quintile 16.1% − 1.3% − 17.4% 

 
 

 Panel B: Financing structure and sales growth – permanent exporting firms 
 
Trade	  Credit	   Before Crisis  After Crisis Difference  
1st quintile 13.4% − 5.0% − 18.5% 
2nd quintile 14.4% − 5.2% − 19.6% 
3rd quintile 14.8% − 6.4% − 21.2% 
4th quintile 15.2%      − 11.0% − 26.2% 
5th quintile 15.8%  − 15.5% − 31.3% 

	  
Bank Credit  Before Crisis After Crisis Difference  
1st quintile 12.7%  − 10.2% − 22.9% 
2nd quintile 15.4% − 9.2% − 24.6% 
3rd quintile 13.4% − 8.9% − 22.2% 
4th quintile 15.4%      − 6.7% − 22.1% 
5th quintile 14.4% − 6.4% − 20.8% 
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Table 2: Financing structure and export intensity 
 

This table reports summary statistics of trade credit and bank credit across different export intensity of 
firm-year observations from 2004 to 2009. Trade credit is the ratio of account payable to total asset. Bank 
credit is the ratio of bank loan to total asset. The table reports the average value of trade credit and bank 
credit. Non-exporters, exporters, main exporters and pure exporters refer to firms with ratios of export to 
sales equals 0, larger than 0, large than 50%, and equals 1, respectively. Permanent firms refer to firms that 
stay in the whole sample (from 2004 to 2009). Permanent exporting firms refers to permanent firms with 
exporting sales. 

 
Panel A: Financing structure across export intensity – all firms 

 
  Overall Non-exporters Exporters  Main Exporters Pure Exporters 

      Fraction of Firms 100% 76.3% 23.7% 13.1% 3.9% 
Trade Credit 14.7% 13.7% 17.8% 19.8% 20.6% 
Bank Credit  38.1% 38.7% 35.8% 33.6% 30.2% 
Total Financing  52.8% 52.4% 53.6% 53.4% 50.8% 

 
 

Panel B: Financing structure across export intensity – permanent firms 
 

  Overall Non-exporters Exporters  Main Exporters Pure Exporters 

      Fraction of firms 100% 72.4% 27.6% 12.6% 3.0% 
Trade Credit 14.5% 13.6% 16.8% 19.3% 21.0% 
Bank Credit  37.5% 38.3% 35.6% 32.7% 29.5% 
Total Financing  52.0% 51.9% 52.4% 52.0% 50.5% 

 
 

Panel C: Financing structure across export intensity – permanent exporting firms 
 

  Overall  Main Exporters  Pure Exporters 

  
 

 
 

 Fraction of firms 100%  55.7%  13.4% 
Trade Credit 17.4%  19.4%  20.8% 
Bank Credit  35.1%  32.3%  27.4% 
Total Financing  52.5%  51.7%  48.2% 
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Table 3: Financing structure and factor endowment 
 

This table reports the mean value of trade credit and bank credit across different quintiles of factor 
intensity from the main sample of firm-year observation from 2004 to 2009. Trade credit is the ratio of 
account receivable to total asset. Bank credit is the ratio of bank loan to total asset. Labor intensity is 
defined by the ratio of wage to total sales. Capital intensity is defined by the ratio of fixed asset to total 
sales. Permanent firms refer to firms that stay in the whole sample (from 2004 to 2009). Permanent 
exporting firms refers to permanent firms with exporting sales. 

 
Panel A: The factor endowment of permanent firms 
 
  Labor Intensity   Capital Intensity 
Factor Endowment Trade Credit Bank Credit 

 

Trade Credit Bank Credit 

      1st quintile 12.6% 26.5% 
 

23.0% 28.3% 
2nd quintile 14.7% 28.4% 

 

19.6% 28.9% 
3rd quintile 15.6% 28.8% 

 

17.0% 29.8% 
4th quintile 15.8% 29.5% 

 

14.1% 28.3% 
5th quintile 15.9% 28.0%   11.0% 25.2% 

 
 
 

Panel B: The factor endowment of permanent exporting firms 
 
  Labor Intensity   Capital Intensity 
Factor Endowment Trade Credit Bank Credit 

 

Trade Credit Bank Credit 

      1st quintile 14.4% 28.1% 
 

23.0% 28.6% 
2nd quintile 16.3% 29.0% 

 

19.6% 28.9% 
3rd quintile 16.9% 28.7% 

 

17.0% 29.8% 
4th quintile 17.4% 28.6% 

 

14.1% 28.3% 
5th quintile 18.4% 26.7%   11.0% 25.2% 
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Table 4: Sales growth before and after financial crisis among permanent exporting firms 
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009. The dependent variable is sales growth, which refers to the growth of total sales. Post is an indicator 
equaling one if the year is in 2009. Trade credit is the ratio of account payable to total asset. Bank credit is 
the ratio of bank loan to total asset. Size is total asset. Age is current year minus founding year. Employment 
is total labor. TC and BC are defined by two measurements – fixing their value in 2004 and using their mean 
across years. The number in the bracket refers to corresponding standard derivation. ***, **, or * indicates 
that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively.  

	  
  Mean across Years  Fixing value in 2004 
Sale Growth  (1)  (2) (3) (4) (5) 
      
Post   − 0.213***   − 0.181***   − 0.128***   − 0.200***   − 0.142*** 

 [0.005] [0.011] [0.013] [0.010] [0.012] 
      

Post ! TC    − 0.256***   − 0.228***   − 0.145***   − 0.147*** 
  [0.019]  [0.031]  [0.028]  [0.037] 
      

Post ! BC      0.043*  0.019   0.053**     0.020 
  [0.025]  [0.017]  [0.021]  [0.027] 

    
  

Trade Credit      0.211***        0.211*** 

    [0.025]    [0.025] 

    
  

Bank Credit   
 0.019    0.019 

   
 [0.017]    [0.017] 

    
  

Size   
   0.044***        0.045*** 

   
[0.008]    [0.008] 

      

Age     − 0.006***      − 0.006*** 
    [0.001]    [0.001] 
      

Employment       0.141***        0.141*** 
   [0.008]    [0.008] 

    
  

Firm Fixed Effects Yes  Yes  Yes  Yes  Yes 
R2 0.276   0.277  0.308  0.277  0.308 
N Obs 54,015   54,015  30,206  54,015  30,206 
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Table 5: Sales growth before and after financial crisis across different categories 
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009. The dependent variable is sales growth, which refers to the growth of total sales. Post is an indicator 
equaling one if the year is in 2009. Trade credit is the ratio of account payable to total asset. Bank credit is 
the ratio of bank loan to total asset. Size is total asset. Age is current year minus founding year. Employment 
is total labor. TC and BC are defined by two measurements – fixing their value in 2004 and using their mean 
across years. The number in the bracket refers to corresponding standard derivation. ***, **, or * indicates 
that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively.  

	  

 Non-exporting 
firms 

Exporting Firms State-owned 
Exporting Firms 

Private-owned 
Exporting Firms 

Sale Growth  (1) (2) (3) (4) 
     
Post   − 0.149***   − 0.128***   − 0.116***   − 0.078*** 

 
[0.009] [0.013] [0.037] [0.030] 

     

Post ! TC     − 0.019   − 0.228***  − 0.176   − 0.234*** 
 [0.037]  [0.031]  [0.169]  [0.100] 
     

Post ! BC      0.027  0.019        0.066      0.013 
 [0.021]  [0.017]  [0.104]  [0.061] 

   
  

Trade Credit    0.103***    0.211***    0.362***    0.217*** 

  [0.018]  [0.025]  [0.126]  [0.075] 

   
  

Bank Credit    0.029***  0.019  0.086  0.025 

  [0.010]  [0.017]  [0.055]  [0.043] 

   
  

Size    0.060***    0.044***    0.113***  0.026 

  [0.005] [0.008]  [0.036]  [0.021] 
     

Age   − 0.004***   − 0.006***   − 0.003***   − 0.005*** 
  [0.001]  [0.001]  [0.001]  [0.002] 
     

Employment      0.087***    0.141***    0.142***    0.167*** 
  [0.005] [0.008]  [0.034]  [0.021] 

   
  

Firm Fixed Effects   Yes  Yes  Yes  Yes 
R2   0.273  0.308  0.856  0.500 
N Obs   77,896  30,206  8,527  6,3555 
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Table 6: Sales growth before and after financial crisis – ownership  
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009. The dependent variable is sales growth, which refers to the growth of total sales. Post is an indicator 
equaling one if the year is in 2009. SOE is an indicator equaling one if firms are state-owned. Trade credit is 
the ratio of account payable to total asset. Bank credit is the ratio of bank loan to total asset. Size is total asset. 
Age is current year minus founding year. Employment is total labor. TC and BC are defined by two 
measurements – fixing their value in 2004 and using their mean across years. The number in the bracket 
refers to corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant 
at the 1%, 5%, or 10% level, respectively.  

  
 Mean across years Fixing in 2004 

Sale Growth  (1) (2) 
   
Post   − 0.127***   − 0.142*** 

  [0.014]  [0.013] 
   

SOE    0.010**    0.010** 

  [0.004]  [0.025] 
   
Post ! TC      − 0.235***   − 0.145*** 

  [0.044]  [0.037] 
   

Post ! BC        0.014  0.017 
  [0.032]  [0.027] 

   
Post ! TC! SOE   0.161  0.173 

 
 [0.183]  [0.175] 

   
Post ! BC! SOE  0.070  0.079 

     [0.098]  [0.086] 
   

Controls  Yes   Yes 

   
Firm Fixed Effects  Yes   Yes 
R2  0.308   0.308 
N Obs  30,206   30,206 
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Table 7: Sales growth before and after financial crisis based on the factor structure 
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009. The dependent variable is sales growth, which refers to the growth of total sales. Post is an indicator 
equaling one if the year is in 2009. Trade credit is the ratio of account payable to total asset. Bank credit is 
the ratio of bank loan to total asset. Size is total asset. Age is current year minus founding year. Employment 
is total labor. TC and BC are defined by two measurements – fixing their value in 2004 and using their mean 
across years. The number in the bracket refers to corresponding standard derivation. ***, **, or * indicates 
that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively.  

	  

Labor-Intensive Mean across 
Years 

Fixing in 2004  Capital-Intensive Mean across 
Years 

Fixing in 2004 

Sale Growth  (1)  (2)  Sale Growth  (1)  (2) 
       
Post    − 0.140***    − 0.142***     Post    − 0.125***    − 0.143*** 

 
 [0.014]   [0.012]    [0.014]  [0.012] 

       

Li    − 0.029***  − 0.005     Ki    − 0.147***    − 0.147*** 

 
 [0.010]   [0.010]    [0.008]  [0.008] 

       
Post ! TC    − 0.240***    − 0.145***     Post ! TC    − 0.223***    − 0.135*** 

  [0.033]  [0.042]    [0.045]  [0.037] 
       

Post ! BC    − 0.002  0.010     Post ! BC − 0.010  0.006 
  [0.033]  [0.028]    [0.033]  [0.028] 

  
     

Post ! TC! Li  − 0.032 − 0.014    Post ! TC! Ki − 0.167 − 0.102 

  [0.125]  [0.060]    [0.107]  [0.091] 

  
     

Post ! BC! Li  0.017  0.067    Post ! BC! Ki  0.089  0.069 
     [0.060]  [0.053]    [0.057]  [0.057] 

  
     

Controls  Yes      Yes     Controls      Yes      Yes 
       
Fixed Effects  Yes  Yes    Fixed Effects  Yes  Yes 
R2  0.307  0.298     R2  0.273  0.318 
N Obs  30,206  30,206     N Obs  30,206  30,206 
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Table 8: Simulation I - matching the empirical findings 
 

This table reports the comparison of the regression results between the model and the data. The dependent 
variable is sales growth, which refers to the growth of total sales. Post is an indicator equaling to one for 
the year 2009. In the data regression, trade credit is the ratio of account payable to total asset and bank 
credit is the ratio of bank loan to total asset. The number in the bracket refers to corresponding standard 
derivation. ***, **, or * indicates that the coefficient estimate is significant at the 1%, 5%, or 10% level, 
respectively. 

	  
	  

Sale Growth Data Model 
   
Post   − 0.121***   − 0.120*** 

 
 [0.012] [0.010] 

   
Trade Credit     0.211***    0.299*** 

  [0.025] [0.021] 
   

Bank Credit  0.019    0.622*** 
  [0.017] [0.017] 

 
  

Post ! Trade Credit   − 0.228***   − 0.272*** 

 
 [0.031] [0.030] 

 
  

Post ! Bank Credit − 0.019     0.010 

 
 [0.017] [0.020] 

 
  

Firm Fixed Effects  Yes Yes 

R2  0.308 0.468 
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Table 9: Simulation II - changing the exporter’s initial wealth 
 

This table reports the regression results simulated by the model, based on different value of the exporter’s 
initial wealth. The dependent variable is sales growth in the model. Post is an indicator equaling one if the 
year is in 2009. All other variables are simulated from the model. The number in the bracket refers to 
corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant at the 
1%, 5%, or 10% level, respectively. 

	  
	  

Sale Growth     − 5% − 1%  Benchmark  + 1% + 5% 
      
Post   − 0.100***   − 0.101***   − 0.120***   − 0.137***   − 0.189*** 

 
 [0.013]  [0.011] [0.010]  [0.009] [0.008] 

      
Trade Credit    0.428***    0.302***    0.299***    0.246***    0.208*** 

  [0.029]  [0.022] [0.021]  [0.019] [0.015] 
      

Bank Credit    0.508***    0.616***    0.622***    0.666***    0.703*** 
  [0.023]  [0.018] [0.017]  [0.015] [0.012] 

 
     

Post ! Trade Credit   − 0.396***   − 0.297***   − 0.272***   − 0.253***   − 0.190*** 

 
 [0.042]  [0.023] [0.030]  [0.030] [0.025] 

 
     

Post ! Bank Credit     0.115***  0.028 0.010 − 0.010   − 0.066*** 

 
 [0.030]  [0.023] [0.020]  [0.020] [0.016] 

 
     

Firm Fixed Effects  Yes  Yes Yes  Yes  Yes 

R2  0.468  0.468 0.468  0.467  0.468 

	  

63



Table 10: Simulation III - changing the supplier’s resale ability 
 

This table reports the regression results simulated by the model, based on different value of the supplier’s 
resale ability. The dependent variable is sales growth in the model. Post is an indicator equaling one if the 
year is in 2009. All other variables are simulated from the model. The number in the bracket refers to 
corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant at the 
1%, 5%, or 10% level, respectively. 

	  
	  

Sale Growth     − 5% − 1% Benchmark  + 1% + 5% 
      
Post   − 0.750***   − 0.212***   − 0.120***   − 0.027**    0.304*** 

 
 [0.035]  [0.009] [0.010]  [0.010] [0.019] 

      
Trade Credit    0.192***    0.235***    0.299***    0.312***    0.536*** 

  [0.015]  [0.018] [0.021]  [0.023] [0.030] 
      

Bank Credit    0.705***    0.673***    0.622***    0.607***    0.402*** 
  [0.012]  [0.015] [0.017]  [0.018] [0.024] 

 
     

Post ! Trade Credit   − 0.195***   − 0.243***   − 0.272***   − 0.329***   − 0.480*** 

 
 [0.024]  [0.028] [0.030]  [0.034] [0.054] 

 
     

Post ! Bank Credit   − 0.067*** − 0.019 0.010     0.052**    0.201*** 

 
 [0.016]  [0.019] [0.020]  [0.023] [0.041] 

 
     

Firm Fixed Effects  Yes  Yes Yes  Yes Yes 

R2  0.469  0.468 0.468  0.468 0.468 
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Table 11: Counterfactual – without collateralizing on sales 
 

This table reports the comparison of the regression results between the benchmark model and 
the model in which sales are not used as collaterals. The dependent variable is sales growth, 
which refers to the growth of total sales. Post is an indicator equaling one if the year is in 2009. 
The number in the bracket refers to corresponding standard derivation. ***, **, or * indicates 
that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively. 

	  
	  

Sale Growth 
With Collateralizing 

on Sales 
Without Collateralizing 

on Sales 
   
Post   − 0.120***    0.632*** 

 
[0.010]  [0.037] 

   
Trade Credit    0.299***    − 0.088*** 

 [0.021]  [0.008] 
   

Bank Credit    0.622***     1.661*** 
 [0.017]  [0.014] 

 
  

Post ! Trade Credit   − 0.272***    − 0.079*** 

 
[0.030]  [0.012] 

 
  

Post ! Bank Credit 0.010     − 0.477*** 

 
[0.020]  [0.022] 

 
  

Firm Fixed Effects Yes  Yes 

R2 0.468  0.465 
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Table 12: Counterfactual – fully accessing bank credit  
 

This table reports the comparison of the regression results between the frictionless model and the model 
with financial friction from trade credit. The dependent variable is sales growth, which refers to the growth 
of total sales. Post is an indicator equaling one if the year is in 2009. Friction refers to the model, in which 
firms cannot borrow as much as they want from banks and need to seek external financing from suppliers. 
Frictionless refers to the model, in which firms are able to borrow as much as they want from the bank, and 
hence firms’ external financing solely rely on bank credit. The number in the bracket refers to 
corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant at the 
1%, 5%, or 10% level, respectively. 

	  
	  

Sale Growth Friction Frictionless 
   
Post   − 0.120***  − 0.014 

 
[0.010]  [0.019] 

   
Trade Credit    0.299***     

 [0.021]  
   

Bank Credit    0.622***     0.584*** 
 [0.017]  [0.006] 

 
  

Post ! Trade Credit   − 0.272***    

 
[0.030]  

 
  

Post ! Bank Credit 0.010   − 0.070*** 

 
[0.020]  [0.009] 

 
  

Firm Fixed Effects Yes Yes 

R2 0.468 0.408 
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Table A1: The number of firms across years  
 
 This table reports the number of firms in the period of 1998-2009. SOE refers to state-owned and 
state-holding industrial enterprises. % of SOE refers to the ratio of the number of SOE enterprises to the 
number of firms in the whole sample.  
 

Year Number of Firms SOE % of SOE 
1998 165,118 64,737 39.21% 

1999 162,033 61,301 37.83% 

2000 162,885 53,489 32.84% 

2001 171,256 46,767 27.31% 

2002 181,557 41,125 22.65% 

2003 196,222 34,280 17.47% 

2004 279,092 35,615 12.76% 

2005 271,835 27,477 10.11% 

2006 301,961 24,961 8.27% 

2007 336,768 20,680 6.14% 

2008 426,113 21,313 5.00% 

2009 434,364 20,510 4.72% 
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Table A2: External finance dependence and financing structure  
 
 This table reports the mean value of trade credit and bank credit across industries with different level of 
external finance dependence. ExtFin refers to the measure of industry external finance dependence, and is 
based on Fan, Lai, and Li (2015). CIC is the industry code at 2-digit level in the Chinese industry 
classification system.  
 

ExtFin Bank Credit Trade Credit CIC Industry Name 
-2.59 37.6% 17.6% 35 General Purpose Machinery 
-1.54 34.3% 11.6% 16 Tobacco 

-1.34 30.0% 19.8% 41 
Measuring Instruments and Machinery for Cultural 
Activity and Office Work 

-1.32 36.4% 18.5% 18 Textile Wearing Apparel, Footwear, and Caps  
-1.11 35.3% 19.2% 19 Leather, Fur, Feather and Related Products 
-0.93 37.5% 17.4% 34 Metal Products 
-0.8 34.0% 16.4% 23 Printing, Reproduction of Recording Media 

-0.72 38.8% 13.1% 20 
Processing of Timber, Manufacture of Wood, 
Bamboo, Rattan, Palm, and Straw Products 

-0.72 40.3% 11.1% 15 Beverages 
-0.72 37.6% 18.4% 37 Transport Equipment 
-0.65 36.4% 19.5% 21 Furniture 
-0.48 41.7% 15.9% 17 Textile 
-0.47 33.3% 19.2% 30 Plastics 
-0.47 39.5% 10.9% 13 Processing of Food from Agricultural Products 
-0.44 39.1% 10.8% 27 Medicines 
-0.44 33.9% 23.8% 39 Electrical Machinery and Equipment 
-0.41 44.9% 10.3% 28 Chemical Fibers 
-0.4 32.9% 20.8% 24 Articles For Culture, Education and Sport Activity 
-0.32 38.9% 12.6% 14 Foods 
-0.29 33.4% 13.2% 31 Non-metallic Mineral Products 
-0.27 35.0% 17.9% 36 Special Purpose Machinery 
-0.26 34.7% 18.7% 29 Rubber 
-0.23 37.0% 14.7% 26 Raw Chemical Materials and Chemical Products 

0.02 27.5% 25.0% 40 
Communication Equipment, Computers and Others 
Electronic Equipment 

0.07 33.1% 17.7% 22 Paper and Paper Products 
0.33 44.6% 14.5% 32 Smelting and Pressing of Ferrous Metals 

0.62 41.1% 11.4% 25 
Processing of Petroleum, Coking, Processing of 
Nuclear Fuel 
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Table A3: Robustness checks - no specific measurement on financing position 
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009 using trade credit and bank credit directly. The dependent variable is sales growth, which refers to the 
growth of total sales. Post is an indicator equaling one if the year is in 2009. Trade credit is the ratio of 
account payable to total asset. Bank credit is the ratio of bank loan to total asset. Size is total asset. Age is 
current year minus founding year. Employment is total labor. The number in the bracket refers to 
corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant at the 1%, 
5%, or 10% level, respectively.  

	  
Sale Growth (1) (2) (3) (4) (5) 
      
Post   − 0.213***   − 0.209***   − 0.173***   − 0.179***   − 0.121*** 

 
[0.005] [0.005] [0.007] [0.010]  [0.012] 

      

Trade Credit     0.270***    0.297***    0.292***    0.246*** 
  [0.019] [0.018] [0.019]  [0.025] 
      

Bank Credit     − 0.006    − 0.009     0.022 
  [0.013]  [0.013]  [0.017] 

    
  

Post ! Trade Credit   
  − 0.228***   − 0.221***   − 0.235*** 

    [0.031] [0.032]  [0.040] 

    
  

Post ! Bank Credit    
0.018 − 0.017 

    [0.021]  [0.027] 

    
  

Size    
    0.045*** 

    
  [0.008] 

      

Age       − 0.006*** 
      [0.001] 
      

Employment         0.141*** 
      [0.008] 

    
  

Firm Fixed Effects Yes  Yes  Yes  Yes  Yes 
R2 0.276   0.280  0.281  0.281  0.308 
N Obs 54,015   54,015  54,015  54,015  30,206 
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Table A4: Robustness checks - Placebo tests 
 
  This table reports estimates from robustness checks. All regressions follow the baseline specification. The 
dependent variable is sales growth, which refers to the growth of total sales. Post is an indicator equaling one 
if the year is in 2009. Trade credit is the ratio of account payable to total asset. Bank credit is the ratio of 
bank loan to total asset. Controls refer to the control variables of trade credit, bank credit, size, age, 
inventory and employment, which are omitted in this table. Permanent firms refer to firms that do not entry 
and exist markets, and stay in the sample from 2004 to 2009. The number in the bracket refers to 
corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant at the 
1%, 5%, or 10% level, respectively. 

	  
 

                                 All Firms                       Permanent Firms 

 
 Crisis  
in 2005 

Crisis 
in 2006 

      Crisis 
     in 2005 

 Crisis 
 in 2006 

Sales Growth (1)  (2)   (3)   (4) 
     
Post  − 0.100***   − 0.081***     − 0.088***     − 0.081*** 
 [0.006] [0.005]   [0.006]   [0.005] 

     

Post ! Trade Credit    0.028***      − 0.001     0.064***   − 0.008 

 
[0.018]  [0.010]  [0.022]   [0.018] 

 
    

Post ! Bank Credit     0.004***    0.013**   0.023*       0.020* 

 [0.006]  [0.006]  [0.013]   [0.011] 
     

Controls             
 

Yes Yes  Yes  Yes 
    

Firm Fixed Effects Yes Yes  Yes  Yes 
R2 0.444       0.443      0.267  0.270 
N Obs 375,656  375,656   85,051  85,051 
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Table A5: Robustness checks - time trend and size    
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009 for permanent exporting firms. The dependent variable is sales growth, which refers to the growth of 
total sales. Post is an indicator variable equaling one if the year is in 2009. Trade credit is the ratio of account 
payable to total asset, and is fixed across different years, 2004, 2005, 2006 and 2007. Bank credit is the ratio 
of bank loan to total asset, and is fixed across different years, 2004, 2005, 2006 and 2007. Size is total asset. 
Trend is year minus 2003. The number in the bracket refers to corresponding standard derivation. ***, **, or 
* indicates that the coefficient estimate is significant at the 1%, 5%, or 10% level, respectively.  
	  

 Year Dummies Time Trend Size Interaction 
Sales Growth (1)  (2)  (3) 
    

Post ! Trade Credit   − 0.203***   − 0.203***    − 0.260*** 

 
[0.031]  [0.031]  [0.041] 

 
   

Post ! Bank Credit      − 0.001  − 0.001  − 0.022 

 [0.021]  [0.021]  [0.027] 

 
   

Firm Fixed Effects Yes  Yes  Yes 
R2 0.313        0.313       0.309 
N Obs 31,215  31,215  17,788 

 
 

(1) Regression with Year Dummies: 
 

∆y!,!  =  𝛽! + 𝛽!  𝑃𝑜𝑠𝑡! ∙ 𝑇𝐶!,! + 𝛽!  𝑃𝑜𝑠𝑡! ∙ 𝐵𝐶!,! + 𝛾𝑋!,! + 𝛿! + 𝜗! + 𝜖!,! 
 
(2) Regression with Time Trend: 
 

∆y!,!  =  𝛽! + 𝛽!  𝑃𝑜𝑠𝑡! ∙ 𝑇𝐶!,! + 𝛽!  𝑃𝑜𝑠𝑡! ∙ 𝐵𝐶!,! + 𝛾𝑋!,!     + 𝜌!𝑇𝑟𝑒𝑛𝑑 + 𝜌!𝑇𝑟𝑒𝑛𝑑! + 𝜌!𝑇𝑟𝑒𝑛𝑑! +
𝜌!𝑇𝑟𝑒𝑛𝑑! + 𝛿! + 𝜖!,!  

 
(2) Regression with Size Interaction: 

 
∆y!,!  =  𝛽! + 𝛽!  𝑃𝑜𝑠𝑡!   +  𝛽!  𝑃𝑜𝑠𝑡! ∙ 𝑇𝐶!,! + 𝛽!  𝑃𝑜𝑠𝑡! ∙ 𝐵𝐶!,!  +  𝛽!  𝑆𝑖𝑧𝑒!,! ∙ 𝑇𝐶!,! + 𝛽!  𝑆𝑖𝑧𝑒!,! ∙ 𝐵𝐶!,! +
𝛾𝑋!,! + 𝛿! + 𝜖!,!  
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Table A6: Robustness checks – fixing financial position   
 

This table reports estimates from panel regressions explaining firm-level yearly sales growth from 2004 to 
2009. The dependent variable is sales growth, which refers to the growth of total sales. Post is an indicator 
variable equal to one for the year 2009. Trade credit is the ratio of account payable to total asset, and is fixed 
across different years, 2004, 2005, 2006 and 2007. Bank credit is the ratio of bank loan to total asset, and is 
fixed across different years, 2004, 2005, 2006 and 2007. Controls refer to the variables of size, age, 
employment, trade credit and bank credit, which are not reported in this table. The number in the bracket 
refers to corresponding standard derivation. ***, **, or * indicates that the coefficient estimate is significant 
at the 1%, 5%, or 10% level, respectively.  
	  
	  

 

    Fixing 
Financial Position  
    in 2004 

Fixing  
Financial Position 

 in 2005 

Fixing  
Financial Position 

 in 2006 

Fixing  
Financial Position 

 in 2007 
Sales Growth (1)  (2)  (3)  (4) 
     
Post   − 0.142***   − 0.136***   − 0.122***   − 0.116*** 

 
[0.012]  [0.012]  [0.011] [0.012] 

     

Post ! Trade Credit   − 0.147***   − 0.144***    − 0.162***   − 0.163*** 

 
[0.037]  [0.035]  [0.035] [0.038] 

 
    

Post ! Bank Credit      0.020  − 0.017  − 0.028       0.003 

 
[0.027]  [0.025]  [0.025] [0.026] 

 
    

Controls Yes Yes  Yes Yes 
     
Firm Fixed Effects Yes Yes  Yes Yes 
R2 0.308       0.393      0.434 0.503 
N Obs 30,206  26,367   20,621 15,020 
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   Figure 3: Sales Growth Before and After Financial Crisis across Different Quintiles 
	  
                             a. Permanent Firms 

	   	   	   	  
	  
	  

   b. Permanent Exporters 

	   	   	   	  
	  

Note: This figure depicts sales growth difference before and after the 2007-08 
financial crisis across different quintiles of the borrowing ratio on trade credit and 
bank credit. Y-axis refers to the difference of sales growth between 2006 and 2009. 
X-axis refers to five quintiles of trade credit and bank credit, based on the mean of 
all years. The black solid line refers to trade credit. The red dash line refers to 
bank credit.  
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Note: This figure depicts the sales growth across five quintiles of bank credit. The 
borrowing degree on bank credit increases with quintiles. For example, 1st refers to the 
lowest borrowing on bank credit. 5th refers to the highest borrowing on bank credit.  

Figure 4: Sales Growth across Quintiles of Bank Credit 
  (Generated by China Data)  
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Note: This figure depicts the sales growth across five quintiles of trade credit based on  
U.S. Computstat data. The borrowing degree on bank credit increases with quintiles. 
For example, 1st refers to the lowest borrowing on bank credit. 5th refers to the highest 
borrowing on bank credit.  

Figure 5: Sales Growth across Quintiles of Trade Credit in the U.S. 
(Generated by U.S. Compustat) 

Year 
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Figure 6. Comparison between the Model and Data 

Note: This figure depicts the comparison of the sales growth between the model and data. The y-axis 
refers to the sale growth which is normalized by the mean.   
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Figure 7: Sales Growth across Quintiles of Trade Credit 
 (Generated by the Model) 

Note: This figure depicts the sales growth across five quintiles of trade credit. The 
borrowing degree on trade credit increases with quintiles. For example, 1st refers to the 
lowest borrowing on trade credit. 5th refers to the highest borrowing on trade credit.  
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