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Abstract

Standard models of financial market imperfections limit the ability to borrow to
some multiple of the borrower’s net worth. In macroeconomic models such as Bernanke,
Gertler, and Gilchrist (1999), this type of financing constraint amplifies the response
of an economy to shocks. While previous studies relied on indirect evidence to iden-
tify financing constraints in the data, this paper exploits business credit contracts to
examine this financing constraints. In the Surveys of Small Business Finances (SSBF)
firm owners report access to credit, the latest business credit contract and provide
all information necessary to construct the net worth of firm-entrepreneur entities. I
derive testable implications of financing constraints for the relationship of net worth
and external finance from the standard model of financially constrained firms used in
macroeconomic models. In line with the predictions of the model I find that net worth
is the limiting factor in the firms’ financing abilities. An additional dollar of net worth
accounts for 30-36 cents of external finance. Interestingly, the net worth multiplier
varies by firm age. I show that a simple modification of the financing constraint model
can explain this heterogeneity. Secondly, as predicted by models with financially con-
strained firms, the interest rate on the last credit paid is increasing in leverage. This
provides evidence for the key mechanism that amplifies of shocks in macroeconomic
models with financing constraints. To assess this propagation mechanism, I calibrate
the New Keynesian model of Bernanke, Gertler, and Gilchrist (1999) to the small busi-
ness data. The response of output to a monetary policy shock is up to 28% larger
compared to the frictionless benchmark.
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Mortensen, and the participants of the Northwestern Macro lunches for helpful comments. All errors are
mine. Department of Economics, Northwestern University, 302 Arthur Andersen Hall, 2001 Sheridan Road,
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1 Introduction

The perhaps most influential way to include financial frictions in Dynamic Stochastic General
Equilibrium (DGSE) was introduced by Bernanke, Gertler, and Gilchrist (1999), henceforth
BGG. At the heart of the these financial frictions lies costly state verification (CSV) pioneered
by Townsend (1979). Entrepreneurs invest in part with external finance in risky return
projects. Lenders who provide external finance incur a cost to observe the realized returns.!
This agency problem between entrepreneurs and lenders exhibits two key features: i) external
finance is some multiple of the net worth of the entrepreneur and ii) the interest rate paid
on the external finance is increasing in the leverage of the project. Both features affect
the investment decisions of entrepreneurs. In general equilibrium models financial frictions
can propagate shocks substantially. The literature refers to this propagation mechanism as
financial accelerator.

Economists recognize the importance of financial frictions in order to explain macroe-
conomic data.? Therefore, many applied macroeconomic models include financial frictions
as modeled in BGG. Yet there is little direct, micro-based evidence supporting this mod-
eling strategy of financing constraints.® This paper exploits a comprehensive data set of
credit data from US small businesses to directly assess the empirical plausibility of financing
constraints.

In the analysis I use the Surveys of Small Business Finances (SSBF). The SSBF includes
detailed information about the firms with up to 500 employees. Firm owners report the
firms’ balance sheets and private net assets. The latter is important as small business owners
collateralize business credits with private net worth. Together this information allows the
construction the net worth of the matched firm-entrepreneur entity, the crucial variable in
models of financing constraints. The data also provide measures of a firm’s access to credit,
the credit amount, and the interest rate of the last credit obtained. One advantage of focusing
on small businesses is that they are bank-dependent and have no access to bond markets.
Only few small firms attract additional outside equity. In addition the firm size distribution
in the SSBF is comparable to the firm size distributions reported in the literature.

In order to assess the empirical plausibility of the key features of the CSV implied financ-
ing constraints, I define the net worth multiplier as the additional units of external finance
obtained by the firm due to an additional unit of net worth of the firm-entrepreneur entity.
For tractability macroeconomic models abstract from firm heterogeneity. In their model all
firms have the same net worth multiplier. To capture the heterogeneity in the SSBF data,
I extend the model of financially constrained firms to allow the net worth multiplier to de-
pend on firm size. This feature is common in the literature on firm growth and provides for
additional testable implications for the plausibility of CSV.*

1See also Gale and Hellwig (1985).

2See e.g. Christiano, Motto, and Rostagno (2007), Christensen and Dib (2008), von Heideken (2008),
Gilchrist, Ortiz, and Zakrajsek (2009) and Nolan and Thoenissen (2009).

3Thus far only indirect evidence for the existence of financing constraints was presented. Many authors
identify financing constraints using cash flow sensitivity of investment. Hubbard (1998) and Stein (2003)
survey this literature and point to shortcomings of this approach. Gertler and Gilchrist (1994) argue that
inventory fire sales after a monetary contraction are the result of financing constraints.

4See e.g. Cooley and Quadrini (2001), Albuquerque and Hopenhayn (2004), and Clementi and Hopenhayn
(2006).



Consistent with the predictions of financing constraints induced by CSV, the small busi-
ness data exhibit a statistically significant, positive net worth multiplier. An additional
dollar of net worth accounts, on average, for 30 to 36 cents of additional external finance.
Secondly, supporting the key mechanism that propagates shocks in macroeconomic models,
the interest rate paid on the most recent credit is positively correlated with leverage. A
1% increase in leverage increases the interest rate by one basis point. The elasticity of the
interest rate with respect to leverage in the data exceeds the value recently estimated in
Bayesian DGSE models. Lastly, the net worth multiplier is age-dependent and ranges from
70-102 cents for firms up to three years old to 20-30 cents for firms older than 15 years. I
show that this age pattern is consistent with models of firm growth with firms constrained
to one period debt contracts.

In the data young, small firms are less likely to have access to credit. Together with
the age pattern of the net worth multiplier this provides strong evidence for the impor-
tance of financing constraints in understanding firm growth and the evolution of firm size
distribution.?

From a macroeconomic perspective the firm level heterogeneity only plays a minor role.
Therefore, the modeling strategy and key mechanisms of the financial accelerator employed
by BGG are empirically plausible. I investigate the quantitative importance of financial
frictions in a DSGE model. T use leverage and the elasticity of the interest rate with respect
to leverage from the small business data to calibrate the BGG model. The response of output
to a monetary policy shock is up to 28% higher compared to a model without financial
accelerator.

The following section presents the data, summarizes credit market outcomes, and explains
the definition of net worth. Section 3 presents the one period debt contract and tests its
implications for the relationship of net worth and credit. In section 4 the impact of the
financial situation of the firm on the interest rate is examined. The findings are used to
calibrate the model of BGG. Section 5 concludes.

2 Credit Constraints and Net Worth in the Data

This section presents the data used throughout the analysis. I discuss how firms without
access to (additional) credit are identified in the data. The section concludes with a discussion
of collateral offered by small business and the construction of net worth.

2.1 Firms in the Surveys of Small Business Finances (SSBF)

The Survey of Small Business Finances (until 1998 National Survey for Small Business
Finances) was conducted by the Federal Reserve Board for the fiscal years ending in 1987,
1993, 1998 and 2003. The surveys aim to assess credit availability, to provide financial
statement data of small firms, and to study the effects of changes through technology and

5Cabral and Mata (2003) argue that financing constraints tying net worth to external finance can explain
the firm size distribution of Portuguese firms. Angelini and Generale (2008), using credit denial as proxy for
financing constraints, however, cannot not confirm that financing constraints affect firm growth.



Table 1: Credit Decision

1998 2003
all firms firm age all firms firm age
< 3 years < 3 years
Considered Seeking Credit 38.7% 44.2% 44.5% 43.1%
Did not apply 15.4% 21.0% 10.3% 14.1%
Applied for credit 23.3% 923.2% 34.2% 29.0%
% of application denied 19.9% 26.9% 10.3% 14.7%

Source: SSBF 1998 and 2003.

mergers in the banking sector. Within the surveys, small businesses are defined as firms with
fewer than 500 employees. The samples were drawn from the Dun and Bradstreet database.

The information provided includes firm and owner characteristics, an inventory of small
businesses’ use of financial services and of their financial service suppliers, income and the
firm’s balance sheet. One section of the survey asks about the most recent loan application.
The data on the credit contract include the credit amount, the interest rate, and collateral
requirements. The surveys distinguish between firms in need of external finance that did
not apply for credit and firms whose credit application was denied. The SSBF also provides
Dun and Bradstreet credit scores for each firm and indicators whether the firm had declared
bankruptcy or has delinquent obligations or judgements. For the business owner the same
indicators are available except for the personal credit score. The crucial variable to construct
net worth of a merged firm-household entity, personal net worth, separated by net home value
and other assets, is available for the 1998 and 2003 surveys only.” I therefore restrict my
analysis to the last two cross sections. The SSBF provides a final, representative sample of
3,561 firms in 1998 and 4,240 firms in 2003. The sample weights imply that the 1998 sample
represents 5,291,245 firms and the 2003 sample represents 6,298,087 firms.

The composition of small businesses in the 1998 and 2003 surveys are comparable. The
average number of employees was 8.6 and the median number of employees was 3 in both
samples. Firms in the manufacturing sector (SIC 20-39) have on average more than twice
as many employees than the firms in the service sector (SIC 70-89) and firms in insurance
and real estate (SIC 64-65). Average firm age increase from 13.3 years in the SSBF 1998 to
14.3 years in the SSBF 2003 after falling from 14.5 years in the SSBF 1993. The median also
increased by one year from 11 years to 12 years. The vast majority of the firms is very small
and owner-managed (94 percent). Less than 30 percent of the firms reported annual sales of
more than $500,000. 35 percent of small business were located in the South, 24 percent in
the West, 21 percent in the Midwest, and 20 percent in the Northeast. Roughly 4 out of 5
firms had their headquarters or main office in urban areas. 44.5% (1998: 49.4%) of firms are
proprietorships, 8.7% (7%) partnerships, 31% (23.9%) C-Corporations and 15.8% (19.8%)
S-Corporations.®

6A detailed description of the sampling procedure can be found in the methodology reports. Firms were
asked to use tax data and previously sent worksheets to answer the questions. The data and methodology
reports to all surveys can be downloaded at http://www.federalreserve.gov/Pubs/Oss/Oss3/nssbftoc.htm

"For a description of earlier surveys, see Berger and Udell (1998).

8Bitler, Robb, and Wolken (2001) and Mach and Wolken (2006) provide descriptive statistics, summarizing



Table 2: Net Value of Private Residence

1998 2003
mean median mean median
all firms 128,915 75,000 232,652 120,000
did not need finance 140,153 91,040 243,378 140,000
considered and did not apply 83,883 47,000 145,820 40,000
denied 84,327 22,000 143,298 60,000
received credit 140,326 77,769 235,167 140,000

Source: SSBF 1998 and 2003.

2.2 Credit Constraints I: Access to Credit

A main problem of empirical work is to identify financially constrained firms.” The SSBF
provides two direct measures of financing constraints. The first measure is whether firms
applied for credit when they were in need of credit. In particular, the both samples iden-
tify firms reporting that were in need of credit but decided against applying for a loan as
they were afraid of denial. Secondly, not all credit applications were granted by financial
institutions. Not being able to obtain (additional) external finance, these firms have to fi-
nance investment with internal resources only. Arguably these firms face the hardest credit
constraints. Firm owners who decided not to apply for fear of denial give low credit scores,
firm age, and financial situation as reasons for their decision. In the second case banks cite
poor credit scores and poor financial position of the firms as reason for credit denial in both
survey. Therefore I assume that firms that did not apply for credit were able to form precise
expectations about denial and are actually financing constrained.

In the credit application process banks require a business financial statement and a
personal financial statement. The business financial statements includes balance sheet in-
formation, information on accounts receivable, organizational form, and other business char-
acteristics. The personal financial statement asks for a detailed description of assets and
liabilities, including the net value of the private residence, total net worth, and previous
bankruptcies.!® Credit applications are costly. Banks charge application fees, and credit
denial leaves a stain on the credit report that can increase the cost of future borrowing.

In total four types of firms can be distinguished. Firms that 1) indicate no need for
credit, 2) were in need of credit but decided against applying for a loan as they were afraid
of denial (so-called “discouraged borrowers”, Jappeli (1990)), 3) applied for credit and were
denied, and 4) successfully applied for credit. To avoid ambiguities, I drop observations
reporting that they were “sometimes” turned down in their most recent application. Less
than half of the sample considered participation or participated in the credit market (2-4).
However, the sectoral composition between the participants and non-participants show only
minor differences. In 1998 15% of the firms report that they were in need of credit but did

the financial services used by small businesses for the SSBF 1998 and 2003, respectively.

9Most commonly they use panel data to estimate the relationship between Tobin’s ¢, cash flow, and
investment. See Hubbard (1998) for a survey and Fazzari, Hubbard, and Petersen (2000) and Kaplan and
Zingalis (2000) for potential problems with the methodology.

0For detailed application forms, see Cavalluzzo and Wolken (2005).



Table 3: Firm Size and Access to Credit by Age Class

all firms did not apply denied credit got credit
Number Employees Number Employees Number Employees Number Employees
of obs. average of obs. average of obs. average of obs. average

(median) (median) (median) (median)
Age (1 ) ®3) (4) (5) (6) (M (8)
<3 574 5.0 100 3.6 35 6.5 113 7.4
(2) (2) (4) (4)
3-6 1508 6.5 258 4.2 91 6.3 385 10.6
(3) (3) (4) (5)
7-15 2468 8.2 277 5.4 104 7.1 762 14.0
®3) ®3) (4) (6)
16-25 1758 9.9 127 4.8 46 13.2 629 16.6
(4) (2) (4) (6)
>25 1393 13 68 10.2 26 7.1 517 21.5
(4) ®3) 3) (6)
Total 7649 8.5 830 5.0 302 7.6 2406 14.6

(3) (3) (4) (6)
Source: SSBF 1998 and 2003

not apply fearing denial. In 2003 only 10% of the sample had the same concern. While
19.9% of the applications were turned down (4.96% of the sample) in 1998, the denial rate
dropped to 10.3% of the applications (3.52% of the sample). Young firms are less likely to
apply for credit, and their applications are turned down more frequently (see Table 1).

With perfect financial markets all firms would immediately produce at their optimal
scale. Under this condition firm size and growth would be independent, the so-called Gibrat’s
law. The firm size distribution (FSD) is expected to be lognormal as processes that follow
Gibrat’s law converge to a lognormal distribution. Current studies have shown that the FSD
of younger firms is skewed to the right and only the distribution of old firms appears to be
symmetric.!! Underinvestment due to financing constraints provides a possible explanation
for these stylized facts.

First, I compare the firm size distribution by age. The firm size distribution in Figure 1
is comparable to the Portuguese data used by Cabral and Mata (2003) and the Italian data
used by Angelini and Generale (2008) even though the SSBF is censoring the right tail of
the firm size distribution. The size distribution of younger firms is strongly skewed to the
right and becomes more symmetric with firm age.'?> Performing Kolmogorov-Smirnov tests
for equality of distributions, I reject that the size distribution across age groups are the same
(See Figure 1). The median and the average firm applying for credit is larger and possesses
more resources than the median and the average firm considering participation in the credit
market. This can also be seen in the net value of the residence (Table 2). Owners of firms

HSutton (1997) surveys the older literature.
12T yse the Epanechnikov kernel function with a bandwidth of 0.7 in all estiamtions.



Figure 1:

Firm Size Distribution by Firm Age
(US Small Businesses - pooled data)
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that successfully applied for credit have a higher equity in their private residence. Firm
owners deciding against credit application have significantly lower equity in their privates
houses than those who applied.

Table 3 shows the average and median employment by age group. Younger firms are
smaller than their older counterparts. Firms that did not apply for credit have fewer em-
ployees than firms that were denied credit. In general firms without access to credit are
smaller than firms with access to credit. Figure 2 illustrates differences in firm size by 1) the
need of credit, 2) the decision whether to apply for credit, and 3) whether a firm got credit
graphically. The first criterion distinguishes firms with no need for (additional) external
finance and firms that report a need for external finance. Less than one half of small busi-
nesses are in need of external finance. Those that report to be in need of credit are larger.
Businesses successfully applying for credit are larger than those whose credit applications
were rejected. Firms that did to not apply for credit despite being in need of external finance
are smaller than firms that were denied or received credit.

Next, I divide the sample by age groups. The results stated above hold in the subsamples.
In Figure 2 I only report the results for the youngest age group which is affected most by
financing constraints. One important feature of the SSBF is that it only surveys firms
up to 500 employees, and hence the age distribution is biased towards young, supposably
more financially constrained firms. Therefore, the data contain relatively many young firms.
Secondly, the absolute number of firms whose of credit applications that were denied and
the absolute number of firms that did not apply for credit fearing denial is large. Contrary



Figure 2:

Firm Size Distribution and Credit Constraints
(US Small Businesses - Pooled Sample)
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Table 4: Average Equity Share of Assets by Firm Age Class

all firms did not apply denied credit got credit

Number Share Number Share Number Share Number Share Share
of obs. average of obs. average of obs. average of obs. average excl. last

(median) (median) (median) (median) credit

Age (1) (2) 3) (4) (5) ©) (1) (8) ()

<3 574 63.7% 100 50.4% 35 39.2% 113 54.3% 61.8%
(86.6%) (57.4%) (17.0%) (61.8%) (86.5%)

3-6 1508 60.1% 258 53.1% 91 44.1% 385 54.9% 64.7%
(76.4%) (65.6%) (42.4%) (64.4%) (81.4%)

7-15 2525 65.7% 277 49.0% 104 46.3% 761 54.8% 63.8%
(85.0%) (56.8%) (47.6%) (58.7%) (80.5%)

16-25 1785 70.7% 127 59.9% 46 45.6% 630 61.2% 69.3%
(85.4%) (69.7%) (47.5%) (70.0%) (84.3%)

>25 1406 76.3% 68 55.4% 26 62.5% 517 66.3% 76.0%
(92.0%) (63.6%) (78.4%) (78.5%) (92.1%)

Total 7798 66.6% 830 52.6% 302 45.7% 2406 57.6% 67.5%
(84.7%) (64.5%) (45.8%) (65.8%) (84.4%)

Source: SSBF 1998 and 2003

to Angelini and Generale (2008) the hypothesis of equality of distributions can be rejected
also for credit denial only, their baseline definition of financially constrained firm.!3

Sales provide an alternative measure of firm size. In the full sample the impact of fi-
nancing constraints on the FSD are in line with the evidence presented using employment
as measure of firm size (see Figure 7 in the Appendix). For the subsample of young firms,
however, the hypothesis of equality of distributions between firms that were denied credit
and all firms cannot be rejected.

2.3 Credit Constraints II: Collateral and Net Worth

Agency models of the credit market tie the abilities to borrow to the net worth of the
borrower. Net worth can be used to collateralize the credit. Alternatively the owner can
provide a personal guarantee. Personal guarantees apply only to the business owner. The
owners declares an individual pledge to repay the business loan. Depending on the credit
contract, the owner can be held responsible for the business loan even if the business is
protected by limited liability laws or gets dissolved. In the pooled 1998 and 2003 SSBF
52% of the firms reported that collateral was required to receive credit. 54% gave personal
guarantees. 30% of business owners provided both. This is in line with Sullivan, Warren,
and Westbrook (1989) who, using bankruptcy data, show that entrepreneurs are more likely

13The highest p-value was 0.012 for the age group 1-6 years excluding “discouraged borrowers”. While in
the Ttalian data set of Angelini and Generale (2008) only 55 out of 1,009 firms up to 6 years of age were
denied credit, we observe 178 out of 2,082 firms being financially constrained by this definition.



Table 5: Net Worth and Access to Credit by Firm Age Class

all firms did not apply denied credit got credit
Number Net Worth ~ Number Net Worth ~ Number  Net Worth ~ Number  Net Worth
of obs. (in mill.) of obs. (in mill.) of obs. (in mill.) of obs. (in mill.)
average average average average
(median) (median) (median) (median)
Age (1) (2) 3) (4) (5) (6) (M) (8)
<3 574 0.276 100 0.120 35 0.177 113 0.224
(0.095) (0.042) (0.072) (0.114)
3-6 1508 0.301 258 0.191 91 0.361 385 0.434
(0.107) (0.080) (0.100) (0.140)
7-15 2525 0.358 277 0.138 104 0.148 761 0.535
(0.150) (0.063) (0.087) (0.225)
16-25 1785 0.514 127 0.220 46 0.429 630 0.734
(0.238) (0.107) (0.165) (0.300)
>25 1406 0.798 68 0.367 26 0.446 517 1.238
(0.269) (0.112) (0.207) (0.401)
Total 7798 0.431 830 0.181 302 0.276 2406 0.642
(0.160) (0.068) (0.099) (0.231)

Source: SSBF 1998 and 2003

to file personal bankruptcy as firm credits are collateralized or guaranteed by the owner’s
private net worth.

Giambona and Schwienbacher (2008) argue that only “hard” tangible assets, namely land
and buildings, can be collateralized. Yet, almost 45% used equipment as collateral and only
23% their business real estate. The private residence served as collateral in 24% of the cases.
Accounts receivable and inventory was offered as security in 23% of the cases.!* The main
difference between the two surveys is the shift from equipment (1998: 55%, 2003: 39%) to
the private residence (1998: 15%, 2003: 29%) as the source of collateral. The increase in
the net value of private residence caused by the increase in house prices over this period
may explain this shift (see Table 2). Only about 6% use “other” personal asset beyond the
private residence to collateralize their credit.

The patterns of collateral strongly suggest a wider definition of net worth than the one
advocated by Giambona and Schwienbacher (2008). The literature defines net worth as
maximum (collateralizable) assets; the sum of liquid and collateralizable, illiquid assets less
all obligations. I construct net worth from the data as follows: Using the balance sheet
information I subtract all liabilities from the total assets to calculate firm equity. In line with
the patterns of collateral, for firm owners, who own a house, I add the net value of the private
residence. Some of the firm-household entities have no positive equity. Instead of using the
standard measure of leverage, assets divided by net worth, I construct the equity share of

total assets. I divide total equity by the total assets (firm+residence) to attain ”ecta#."”h,
pital

14 About 25% of the firms provided more than one type of collateral.
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the inverse of leverage. The equity share of assets of a firm-household entity with negative
equity is 0. Table 3 summarizes the results. Younger firms have a lower equity share of asset
than older firms. Similarly, firms with no access to credit are relatively stronger indebted
than firms with access to credit. On average this translates into an leverage, a capital to net
worth ratio, of 1.5 or a equity to debt ratio of 2 and lies in the range of 1.3 to 2 reported
in Masulis (1988). Table 5 shows that younger firms have less net worth. Firm successfully
applying for credit have, on average, more resources.

3 Net Worth Multiplier

This section describes the standard optimal one period debt contract as used in the literature
on firm growth and in macroeconomic models with a financial accelerator. 1 discuss two
versions of the model, one with a linear and one with a concave production technology, and
derive testable implications for the relationship of net worth and credit amount from the
optimal contract. Before taking the model to the data, I lay out some sources of heterogeneity
and their implications. I find that the corresponding empirical results are in line with the
prediction of the model. Lastly, I calibrate the model of firms constraint by the optimal debt
contract and show that the simulated data are consistent with the empirical facts.

3.1 The Optimal Debt Contract

Asymmetric information between the lender and the borrower leads to an agency problem
that underlies the financing friction. The lender can not observe the outcome of a leveraged
project. In case of bankruptcy the lender incurs a cost to verify the outcome. This costly state
verification ties the ability to obtain credit to the net worth of an entrepreneur (Townsend
(1979)). Gale and Hellwig (1985) show that in a world with costly state verification the
optimal, incentive-compatible debt contract is the standard one period debt contract.

To derive the optimal one period debt contract, I first describe the preferences and tech-
nology of both, borrowers and lenders. Risk neutral entrepreneurs own a risky return technol-
ogy. Entrepreneurs can finance their capital stock with equity and debt. If an entrepreneur
borrows, she signs the standard one period debt contract with costly state verification.'®.
To better understand the implications of the underlying financing constraint, I abstract for
now from aggregate uncertainty, differences in productivity, and equity issuance.'® Let k be
the capital stock used in production. Capital depreciates at rate . The entrepreneur can
only use a fraction £ of her net worth n in production. The fraction (1 — &) of net worth is
pure collateral such as land or buildings. The entrepreneur can borrow to produce at scale k.
She signs a one period debt contract with a financial intermediaries, the lenders, specifying
the credit amount d = k — £n and the gross interest rate Z. The payoff of production with
external financing is

IT=wRE> + (1 - 0)k+ (1 —&n — Zd, (1)

15The first general equilibrium models with this type of financing constraint are by Carlstrom and Fuerst
(1997) and Bernanke, Gertler, and Gilchrist (1999).

6For models with debt/equity choice using the costly state verification, see Cooley and Quadrini (2001),
Covas and DenHaan (2006), and Hennessy and Whited (2007).
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where w is an idiosyncratic productivity shock and R* the price of output. The productivity
shock w is unknown at the time when the debt contract is signed and i.d.d. across time. The
random variable has a continuous differentiable c¢.d.f F(w) and E(w) = 1. The distribution
satisfies the following regularity condition: 6%—3‘}“) > 0, where h(w) is the hazard rate. This
assumption guarantees that a interior solution is a non-rationing outcome. The property
holds for, among others, the lognormal distribution.

The financial intermediaries, offering loans to entrepreneurs, are risk neutral, perfectly
competitive, and hold perfectly diversified portfolios. The opportunity cost of funds for
financial intermediaries is the economy’s riskless gross rate of return 1 + r. Financial in-
termediaries do not observe the realization of the idiosyncratic productivity shock. Lenders
have to pay a cost to be able to observe the borrower’s productivity shock. As in Carlstrom
and Fuerst (1997) monitoring cost in case of bankruptcy are assumed to be a fraction p of
the expected output.

The entrepreneur defaults on the debt if after the realization of the idiosyncratic shock
she does not have enough resources on hand to pay back the loan. Let @w be the cutoff
productivity for which the entrepreneur can just repay her debts.

ORMEC + (1 =8k + (1 —&n = Zd (2)

In case of default the financial intermediary pays the monitoring cost uR*k® and seizes the
firm’s remaining assets. The default payoff is

WRFEY + (1 — 8)k + (1 — &)n — pR k™. (3)

The financial intermediaries are perfectly competitive. Their zero profit condition has to
hold in expectation on each contract. Using equation (3) the zero profit condition of the
lender can be written as

[e.o]

/(kak:a) dF(w)+/ (WRFK™ — pR*E™) dF (w)+ (1= 8)k+(1—&n = (1+7)(k—£&n). (4)

w

and the entrepreneur’s expected income is

o0

/ WRFEYdF(w) — (1 — F(@))ok®. (5)

w

For simplicity, define the firm’s share of output as

[e.o]

D(@) = / WdF(w) — (1 — F(@))@. (6)

w
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Figure 3: The Optimal Contract
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and the lender’s share of output as

€l

G@) = (1 - F(@)o + / wdF(w) — pF(@). (1)

The combined shares of the lender and the borrower are together less than 1: I'(w) +G(w) =
1 — puF(w). This illustrates the distortion caused by asymmetric information about the id-
iosyncratic shock. An increase in the cutoff productivity w, equivalent with more bankrupt-
cies, or an increase in the monitoring cost lead to larger distortions. The loan contracts,
in general, specify a pair of (k — &n, Z). Here it is convenient to use the definition of the
cutoff productivity @ and to rewrite the problem as a choice over (k,&). The solution to
the optimal contract maximizes over these two variable the expected payoff to the borrower
subject to the zero profit condition on the lender.

r%%xr(w)z%’%“ (8)
subject to
G@)RFE* + (1= 0)k+ (1 = &n = (1+7)(k — &n) (9)

For simplicity, assume § = 1. In the linear case (o = 1) the problem can be scaled by
n and solved for the optimal leverage, the capital to net worth ratio, L = k/n for all
entrepreneurs. In other words, net worth matters for the amount of credit but, in equilibrium,
all entrepreneurs have the same leverage and the same cutoff productivity w. Figure 3
illustrates the solution in terms of indifference curves of the entrepreneur, the combinations
of (L, ) yielding the same expected profit, and the lenders zero profit condition. Let A be
the multiplier on the lender’s zero profit constraint. For an interior solutions the first order
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conditions are
@ : T'(@)RFE + MG (@)RFE) =0 (10)
k:T(@)R" +A(G@)R —(1+71)) =0 (11)
A G@RE+(1—=8n=(1+7)(k—&n) (12)

—_

Note that ['(w) = —(1 — F(w)) and G'(v) = —I"(w) — puF'(@). In an interior optimum
G'(w) > 0 otherwise the bank could increase profits by lowering w. The value of the Lagrange
multiplier depends only on the cutoff productivity,

(@)

A= TOG

> 1. (13)

~—

Intuitively, without the presence of bankruptcy cost, © = 0, the credit would not be risky
and the Modigliani-Miller theorem holds. The marginal unit of capital can be financed with
either net worth or credit without changing the payoff of the lender and A\ = 1. If the
entrepreneur has to take out a risky loan, then the multiplier reflects the shadow value of
agency cost which are increasing in @.

Define the external finance premium as rate of return over the risk free rate: s = R¥/(1+
r). Combing the first order condition for @ and k gives:

(14)

By inverting the function, BGG show that @ is increasing in s. Rewriting the zero profit
condition of the lender yields

G(w)sL%—%ﬁ =L—-¢ (15)
o 1+1r€
L= (16)

(14+r)(1—-G@)s)
The optimal contract trades off the return on an additional unit external finance against
a rise in bankruptcy states, i.e. higher agency costs. The assumption of linearity in the
production function is appealing for macroeconomic models as all entrepreneurs have the
same leverage, face the same probability of default, and pay the same interest rate. The
latter is implicitly defined in equation (3). Capital in production k is proportional to n.
The equilibrium contract, defined as a pair of (L,w), depends on four parameters: 1) the
external finance premium s, 2) the variance of the idiosyncratic shock ¢ which measures
risk, 3) the bankruptcy cost p, and 4) the fraction of net worth used in production &. The
zero profit condition of the lender implies that the amount of credit covered by collateral,
(1 — &)n, needs to earn the risk free rate. This introduces a additional wedge in the choice
of leverage.!”

17 Any additional cost of repossessing collateral reduces leverage further. To see this, assume that in case

of bankruptcy the bank only receives (1 — u)(1 — &)n. The optimal leverage now is L = %&;f)
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Figure 4: Comparative Statics
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In the data firms are heterogeneous. I consider two sources of heterogeneity: i) differences
in the rate of return R* and ii) in risk 0. An increase in the rate of return increases the
returns to external finance. A higher leverage is therefore optimal. This also implies a higher
cutoff productivity and thereby higher interest rate paid on the loan Z. An increasing in
variance of the idiosyncratic shock makes low productivity states more likely to occur as
E(w) = 1. With a higher variance optimal contract exhibits a lower leverage and a higher
interest rate (see Figure 4). Incomplete depreciation does not change these results but scales
up leverage and reduces the probability of bankruptcy. The testable implications of the linear
model are 1) the credit amount is a multiple of net worth, and 2) controlling for differences
in risk, leverage and the interest rate are positively correlated.

The linear model predicts the same leverage for all entrepreneur regardless of firm age or
net worth of the entrepreneur. However, Table 3-5 show a clear firm age-firm size pattern
and difference is leverage by firm age. Therefore, I consider the case of decreasing returns
to scale, @ < 1, with imperfect depreciation as in Cooley and Quadrini (2001) and Covas
and DenHaan (2006). I derive the implications for leverage and interest rates on loan and
show that the net worth-leverage pattern emerges when employing with decreasing returns
to scale technology and the one period debt contract. In the case of @ < 1 for an interior

which is lower than without additional repossession cost. One interpretation of this friction are homestead
exemption in bankruptcy laws. Berkowitz and White (2004) find that higher exemptions reduce access to
credit significantly.
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solutions the first order conditions are

@ : T(@)RFE™ + MG/ (@)RE*) =0 (17)
k:al (@R + N (aRFG@)E* ™ = (6+7)) =0 (18)
A G@)RE+(1—=80)k+ (1 —-8&n=(1+7r)(k—¢&n) (19)

Combing first order condition for w and k yields the optimal capital stock

Y ) . (20)
~ GG R (@) + G(@)

In the case of a@ < 1 the relationship between the optimal capital stock and net worth is not
immediately clear from this equation. The entrepreneur’s profit’s are increasing in k and
decreasing in the w. For a given value of n an increase in k implies that the share of the
lender G(w) has to increase to make zero profits. Again, the optimal credit contract trades
off the increase in payoff to the borrower and an increase in agency cost. The following
proposition fleshes out this trade off and the relationship between k and n.

Proposition 1: If o < 1 then for an interior solution of the optimal debt contract
1. the bankruptcy rate, F (@), is decreasing in n (Covas and DenHaan (2006)),
2. the debt to asset ratio (k —n)/k is decreasing in n and increasing in &, and
3. k s strictly concave in n.

Proof: See Appendix.

One implication of proposition 1 is that the largest firms are those with the highest equity
to asset ratios, where size is measure as units of capital in production. In the data, firm
size is correlated with age. Young firms are on average smaller and with less net worth, as
shown in Table 4. The credit amount k& — n is increasing in n but the debt to asset ratio
is decreasing in n. In other words, the marginal effect of an additional unit of net worth,
the net worth multiplier, is lower for large, old firms. Lastly, it follows from the first part
of proposition 1 that leverage and the interest rate are positively correlated even without
heterogeneity in the rate of return R* or in risk . Differences in these two variable have the
same implication as in the linear model.

3.2 Fitting the One Period Debt Contract

Before testing the implications of CSV in a regression analysis, | perform a first plausibility
test in the spirit of Levin, Natalucci, and Zakrajsek (2004). I solve for the parameters of
the credit contract, the agency cost u, the standard deviation of the underlying log-normal
distribution o, the rate of return R*, and the cutoff productivity @ for each observation
in the SSBF. I solve for these four parameters of a quarterly credit contract using (i) the
definition of the cutoff productivity (equation (2)), (ii) the optimality conditions (equations
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Figure 5: Implied Agency Cost and Risk Parameters
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(14) and (16)), and (iii) the probability of bankruptcy F'(w). Since 90% of firms report to
use the credit for working capital, I set 6 = 1. In line with financing constraints employed
in macroeconomic models I set a =1 and £ = 0.

In constructing leverage, I use the credit amount on the most recent credit and net worth
as discussed in section 2.3. The interest rate on the credit in the data is used calibrate Z
in equation (2). The risk free rate r is set to the Fed Funds Rate at the time the credit
as contracted. For the 1998 SSBF the risk free rate is about 5% annually and 1% annually
for the 2003 observations. The bankruptcy rate is taken from the Dun and Bradstreet
credit scores. The credit scores provided in the SSBF indicate the probability of delinquency
(payments are at least 90 days late) rather than bankruptcy.!® Therefore, I assume that
firms that are more like to miss payments are also more likely to file for bankruptcy. I scale
the probability of delinquency incidents to match annual bankruptcy rate of 3% as reported
in BGG