
e how
f-credit
eases

inci-
used by
forma-
oth the
Journal of Financial Intermediation 15 (2006) 86–107
www.elsevier.com/locate/jfi

Lending relationships in line-of-credit and
nonline-of-credit loans:

Evidence from collateral use in small business

Atreya Chakrabortya,∗, Charles X. Hub

a Department od Accounting and Finance, College of Management, University of Massachusetts,
100 Morrissey Boulevard, Boston, MA 02125-3393

b IndyMac Bank, 155 N Lake Ave, Pasadena, CA 91101

Received 24 September 2003

Available online 9 September 2005

Abstract
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1. Introduction

Collateralization is believed to be a useful tool in resolving problems associated
both asymmetric information and moral hazard in business and consumer lending
ever, since the nature of the bank–borrower relationship can be expected to aff
severity of both moral hazard and adverse selection problems, we can also expe
lateral usage to be affected by the nature of this relationship. The purpose of this p
to empirically examine how the nature of the bank–borrower relationship affects the
collateral in loan contracts.

Stiglitz and Weiss (1981)proposed that asymmetric information can cause credi
tioning andBester (1985)showed that credit-rationing problems could be circumvente
banks compete by choosing collateral requirements and the rate of interest to scr
risk of various investors.Besanko and Thakor (1987a)developed a model in which cred
contracts with inversely related interest rates and collateral requirements allow ba
sort out borrowers into risk classes, reducing the problem of adverse selection.1

Collateral can also be used to lessen some of the moral hazard related monito
sues in business lending.Boot and Thakor (1994)show a direct connection between mo
hazard and its impact on collateral. In a setting with repeated credit market intera
they show that collateral in the early period serves as a tax on the borrower that
lifted after the borrower achieves its first success. A long-term bank–borrower relatio
enables the bank to efficiently tax and subsidize the borrower over time and hence r
the use of collateral.Boot et al. (1991)show that, even after accounting for the cost
repossessions, banks may use collateral to reduce moral hazard problems when
are able to take unobservableex post actions that affect project payoffs.Rajan and Winton
(1995)show the importance of collateral in a model with moral hazard, monitoring,
pre-contract asymmetric information. In their model, collateral gives banks incentiv
monitor because the information gathered by banks is more useful to them than to
parties when loans are collateralized or contracted with covenants.

From a theoretical perspective then, there are good reasons to believe that collat
reduce inefficiencies due to both informational asymmetry and moral hazard, and
also seems to be consensus that the need for collateral declines with the duration
bank–borrower relationships.

In addition to duration, the scope of the bank–borrower relationship—as measu
the number of bank-provided services used by the borrower—may also affect col
use. The reason is that relationship scope may also affect the amount and type of
relevant information generated for the bank, and this information may be different
that generated by relationship duration. This view is consistent with previous thi
in that “[i]n addition to interaction over time, relationships can be built through inte
tion over multiple products” (Petersen and Rajan, 1994). While both thelength of the
bank–borrower relationship and thenumber of bank services used can predict the stren
of a bank–borrower relationship, these measures are nonetheless non-substituta

1 Unlike Bester (1985), however, collateral availability does not necessarily eliminate rationing inBesanko and
Thakor’s (1987a)framework, given constraints on collateral availability, unless loan size is added as a s
variable as inBesanko and Thakor (1987b).
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are proxies for distinct information-gathering processes. In particular, duration and
will generally lead to different amounts of “hard” and “soft” credit information be
generated. Recent work byStein (2002)provides clues as to why different types of i
formation (soft vs. hard) may be important in modeling the role of the bank–borr
relationship.Stein (2002)argues that the type of information a firm collects and proce
may be key to the way it organizes. For example, large hierarchical firms will per
better if key business information can be easily quantified, processed, and trans
with little or no cost. Stein’s model predicts that large banks may be less efficie
making loans that require “soft” monitoring. The key implication of these papers is
banks may rely on different aspects of the bank–borrower relationship to genera
ferent kinds of information. Recent work (e.g.Petersen, 2002, Petersen and Rajan, 2
Stein, 2002; andUzzi, 1999) provides important insights into how the duration and sc
aspects of bank–borrower relationships serve distinct information-generation functio

Banks extend credit primarily through letters credit (L/C) loans and non-L/C lo
These two categories of loans are quite distinct. In particular, the information requi
monitor L/C and non-L/C loans differs markedly and lenders rely on different aspe
their relationship with a borrower to collect, process, and verify relevant informatio
closer look at terms of loan indicates that L/C and non-L/C loans constitute two b
loan categories with distinct features. Unlike non-L/C loans, most L/C loans have
card like attributes that make them a more liquid and flexible form of financing.
credit card loans, borrowers can draw on their credit lines whenever they need fun
lenders are (usually) committed to lending over the course of the contract. These
are neither standardized nor tied to a specified investment and the borrower usua
ercises significant discretion on how they are used. The similarities, however, be
relationship-driven L/C loans and credit card loans—which are priced on a transac
basis (Ausubel, 1991)—are very deceptive. The key difference between L/C loans
credit card loans is the size of the loan. In our sample, an average L/C loan is $1.5 m
which is significantly higher than any credit card loan limit. The size of the loan als
duces the number of L/C loans a bank can issue compared to credit card loans, lo
an issuer’s ability to hedge risk of default. Furthermore, the credit scoring system u
consumer finance has been used longer and hence perhaps is better developed th
scores used to evaluate a small business. Hence, a bank’s informational needs to is
maintain L/C loans are quite different from those required for credit card loans.

Quantifying risks from L/Cs by a simple credit score may be quite difficult and in
equate since the borrower usually exercises significant discretion on how these lo
used. “Soft” information, such as a borrower’s honesty, work ethic, or reputation,
be particularly important for assessing credit risks for such loans.2 Such information can
be produced only over time, through frequent and long-term association. Therefor
should expect the duration of a lending relationship to play a more important role
credit scores in determining the terms of L/C loans.

2 For a detailed discussion on the distinction between soft and hard information, seePetersen (2002)andStein
(2002).
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Non-L/C loans, on the other hand, are typically illiquid and often nonrenewable. T
loans are used to finance the purchase of a specific long-term asset and have fairl
ard contracting features and approval criteria (credit scores, for example). Unlik
loans, the information required in processing a non-L/C loan is often based on “
information—information that is quantifiable, and interpreted without the value judgm
of an intermediary associated with the data collection process. Such information ca
be purchased, verified, and analyzed. Providing multiple banking services to a no
borrower significantly reduces the cost to a bank of producing, verifying, and contin
monitoring such information.3

The above observations motivate the question that we empirically examine in this
how do the duration and scope of the bank–borrower relationship affect collateral re
ments in L/C and non-L/C loans? We address this question by using the 1993 (Na
Survey of Small Business Finance) NSSBF database to provide the first direct ev
that the duration and scope of bank–borrower relationships affect decisions to secu
loans differently from non-L/C loans.

Our findings indicate that scope of bank–borrower relationship significantly reduc
need for collateral in non-L/C loans, and has no impact on collateral usage in L/C
The duration of bank–borrower relationship seems not to affect the incidence of col
for non-L/C loans, but it reduces collateral usage for L/C loans. As expected, the p
of both types of loans dilutes the explanatory power of both the length of bank–bor
relationship and number of bank-provided services used with regard to the incide
collateral.

Evidence also indicates that the importance of “soft” information does not reduce
the increased availability of public information about the firm. For example, for L/C lo
the impact of duration of relationship on the incidence of collateral does not diminish
the age of the firm.4 Similar findings follow for non-L/C loans, where the number of ba
provided services is the primary mechanism used to monitor the loans. The impact
number of financial services used by a borrower on the incidence of collateral is una
by the age of a firm. The value of the information generated from financial service
non-L/C loans is independent of firm age.

Empirical findings on the role of relationship lending in collecting “soft” informat
have important implications on the availability of credit for small business, especially
sidering the current spate of reorganization in the banking industry. Consolidatio
greatly shrunk the number of small banks over the last decade. If small banks h
comparative advantage in collecting “soft” information, then smaller firms may be

3 It is possible that a lender may use the information gathered for one type of loan to process anothe
loan. The data set indicates that 13.7 percent of recent L/C loan borrowers and 36.3 percent of non-L
borrowers had borrowed another type of loan from the same bank. The main statistical results are not
when these firms are excluded from the sample.

4 While the results with age proxying for public information are robust, the interpretation may not alwa
accurate. At best, age is a crude proxy for public information; and it is possible that this proxy may be pic
omitted variables that might be important such as growth effect or survival effects.
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credit constrained in the new regime.5 Risky loans to small businesses with little repu
tion or verifiable accounting practices (perhaps better monitored by relationship bui
may seem even more risky, requiring higher rates and more collateral. Given the
on collateralization, this may accentuate the problem already faced by small busin
The 1993 NSSBF reports that insufficient collateral resulted in 15 percent of denied
More importantly, 11 percent of discouraged borrowers cited inability to meet the coll
requirement as their primary reason for not even applying for a business loan.

This paper controls for the possible sample selection bias inherent in estimati
collateral relationship, a topic ignored in previous papers. Incidence of collateral c
observed only when the borrower succeeds in securing a loan. This may pose a
econometric problem if variables (size, age, leverage, etc.) that affect a bank’s deci
accept a loan application also influence its decision to secure a loan. This sample se
bias was tested using selection-corrected maximum likelihood estimates and we do n
evidence of selection bias in our sample.

The remainder of this paper is organized as follows. Section2 provides a brief overview
of the relevant existing empirical work on relationship lending. Section3 describes our dat
and the methodology applied. Section4 presents estimation results. Concluding rema
are provided in Section5. Appendix Aprovides tests for selectivity bias.

2. Existing empirical work on relationship lending and loan collateralization

Beyond theoretical predictions, empirical evidence on the impact of different aspe
the bank–borrower relationship (duration and scope) on securing different kinds of
is scant.6 Direct evidence on how a bank’s comparative advantage in processing “
information affects lending practices is beginning to emerge.7

In recent years a substantial amount of evidence on relationship banking and
eral decisions has emerged from European data. None of these studies, however, e
distinguish between L/C loans and non-L/C loans. For example, analyzing German
Machauer and Weber (1998)find that borrowers with a small number of bank relationsh
provide more collateral and get more credit.Harhoff and Korting (1998)note that firms
with more concentrated and long-lasting bank relationships have less stringent co
requirements.Elsas and Krahnen (1999)also report that certain aspects of relations
lending affect the incidence of collateral in loan contracts. These findings sugge
when the bank–borrower relationship is valuable (it can lower the cost of monitoring
performance), one should expect a negative association between the strength of t
tionship and the incidence of collateral.

5 Jayarantne and Wolken (1999)provide empirical evidence on how large banks may not be good at s
business tasks.

6 An excellent review of the literature on relationship lending is provided byBoot (2000).
7 Petersen and Rajan (2002)provide some indirect evidence on this issue by analyzing the distances be

borrowers and lenders.Liberti (2003)provides some direct evidence on the processing of soft information
the changes in the hierarchical structure of foreign commercial banks in Argentina.
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Degryse and Cayseele’s (2000)findings from European data also indicate that dura
and scope of relationship impact both the cost of credit and the incidence of coll
They find that a longer relationship increases the cost of borrowing but that use of
provided financial services (scope of the loan) has the opposite effect. They also fi
collateral requirements decrease with the duration of relationship and increase in its

Petersen and Rajan (1994)andBerger and Udell (1995)provide the first US evidenc
that both the duration and scope of lending relationships affect credit availability an
design of loan contracts for small businesses. Although the authors use the sam
set, as previously noted, their conclusions are sharply different. For example,Berger and
Udell (1995), using the 1987 NSSBF data, find thatboth the incidences of collateral an
credit costs fall with the length of the bank–borrower relationship for line of credit (“L
loans.8 Surprisingly,Petersen and Rajan (1994), working with both L/C and non-L/C loan
from thesame survey, find thatneither the length of the bank–borrower relationship n
the nature of the bank-provided services has any statistically significant effect on th
of credit.9 The differences in the conclusions of these two papers may be because
ferences in loan type.

This research highlights the distinction between the two types of loans (L/C and
L/C loans) and between two often-used proxies for strength of relationship—duratio
scope of relationship. Results indicate that these two proxies are not always subst
and may represent sharply distinct information-gathering processes. Our findings a
sistent with the view that monitoring L/Cs requires more “soft” information, whic
primarily collected via a long lending relationship with the borrower.10

3. Methodology and data

The 1993 NSSBF, conducted by the Federal Reserve Board and the Small Bu
Administration, was targeted primarily on non-financial, non-farm businesses with
than 500 employees in operation as of year-end 1992. Employment size, locatio
census regions stratify the respondents so that the final data constitute a repres
sample of about 5 million small businesses operating during the same period. Th
data set contains 4637 firms.

In addition to balance sheets and income statements, the NSSBF provides d
information on the types and sources of credit and financial services used by firm
lationships with financial institutions, including both duration of relationship and num

8 Their findings, however, are non-uniform over the entire sample. The length of the lending relationship
loan rates only for firms that have assets over $500,000.

9 In their paper, Petersen and Rajan find that the duration of the relationship has a significant impac
availability of trade credit.
10 Petersen and Rajan (2002)find support for the hypothesis that changes in the use of information techn
used in modern banking may have reduced the role of “soft” information. Lenders who do not have good
information about a borrower can reduce their risk of lending by relying on more timely and extensive
information generated by modern technology. They note that the use of modern informational tools may
“the very nature of lending from an emphasis on strict ex ante screening and costly ex post monitoring, to f
ex post monitoring and quick intervention.”
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of financial services used, are recorded. The data also contain detailed information
most recent loans, including types and terms of the loans and whether the loans are
and by which assets. Unlike the 1991 NSSBF survey, this survey also provides inform
about the credit history of a firm and its owner.

A total of 1676 firms provided information on their most recent loans, most of w
were from banks. Seventy-two percent of these firms pledged collateral for the most
loans. The variables that may affect the decision to secure a loan are from the same
and are grouped into three categories: relationship, risk, and governance. Due to o
reporting errors, the dataset contains some outliers that are very unrealistic and may
the econometric results of this study. Those outliers were deleted and 1632 firms we
included in the analysis.Table 1provides summary statistics of the independent varia
used in this paper. Two proxies are used to measure the strength of the bank–bo
relationship. The first proxy is the duration of relationship (i.e., the number of year
firm has conducted business with the lender).11 We assume longer relationships, and
consequent repeated interactions between a borrower and a lender are keys to ge
“soft” information about a borrower. As such, loans that are better monitored with “
information should then be less likely to be collateralized for borrowers with long ban
relationships.12 The duration of a relationship also controls the degree of moral ha
Boot and Thakor (1994)show that collateral is used to resolve moral hazard in the e
periods of a long-term relationship, and is lifted after the borrower achieves its first su
It implies that the longer the relationship, the more likely the borrower has achieved it
success and the less likely he is required to provide collateral.

The other measure of relationship is the number of financial services that a bo
purchases from its lender. Lenders have access to private information when bor
firms use non-borrowing financial services (such as checking accounts, savings ac
or other financial services). This information can easily be quantified, transmitted
combined with other publicly available information to effectively monitor different asp
of the borrowers’ business.13 Increases in the use of lender-provided services should re
the need for securing loans that can be better monitored through such “hard” inform

In addition to checking and saving accounts, other financial services report
NSSBF include transaction services, cash management services, credit-related s
trust and pension services, and brokerage services. Brokerage services are not inc
information-producing services since they provide little information relevant to mon

11 Given the way the data is collected in the NSSBF, lender in our analysis always refers to the lender as
to the most recent loan.
12 Since the marginal impact on collateral of an additional relationship year may diminish with the len
the relationship (Cole, 1998), we us the length of the relationship in the log form (i.e., the log of the len
of the relationship in years) in estimating our model.Elsas (2005)points out how information access to ban
and influence on borrowers’ management may be more important than duration of relationship in relat
lending—especially if the average duration of relationship is relatively high. Fortunately, the median dura
our sample (5.2 years) is significantly lower than their study (15.04 years).Bodenhom (2003)points out that fre-
quency of bank–borrower contracting may be as important as the duration of lending relationship. Unfortu
it is not possible to capture this aspect of relationship in our data set.
13 Mester et al. (2001)provide evidence to suggest that checking account information is used to monitor
eral, and that such monitoring is useful in detecting problem loans.
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Table 1
Summary statistics of borrower characteristicsa

(1) (2) (3) (4) (5)
Variable Firms extended

loans
Firms pledged
collateral

Firms did not
pledge collateral

t-ratiosc

Number of firms 1632 1179 453

Relationship proxies
Length of relationship (years) 8.075 7.581 9.362 −3.736***

(8.380) (8.164) (8.795)

Number of financial servicesb 1.574 1.523 1.706 −2.631***

(1.284) (1.296) (1.124)

Number of borrowing sources 1.831 1.940 1.547 5.886***

(1.339) (1.398) (1.123)

Firm age (years) 16.36 15.69 18.08 −2.796***

(14.43) (13.70) (16.08)
Risk proxies

Log of total assets (million) 13.34 13.47 13.00 4.149***

(2.055) (2.034) (2.072)

Debt-to-assets ratio 0.392 0.423 0.312 3.935***

(0.537) (0.549) (0.496)

Return on assets 0.340 0.298 0.449 −2.192**

(1.022) (0.845) (1.375)

Business delinquencies 0.536 0.601 0.366 4.015***

(1.103) (1.157) (0.929)

Owner delinquencies 0.213 0.230 0.170 1.412
(0.726) (0.750) (0.658)

Owner bankruptcy 0.019 0.020 0.015 0.518
(0.137) (0.141) (0.123)

Judgment 0.038 0.044 0.022 1.907*

(0.191) (0.205) (0.147)
Governance proxies

Regular corporation 0.470 0.481 0.430 1.837*

(0.499) (0.500) (0.496)

S-corporation 0.278 0.282 0.267 0.623
(0.448) (0.450) (0.443)

Partnership 0.075 0.070 0.091 −1.361
(0.264) (0.254) (0.287)

Proprietorship 0.179 0.167 0.212 −2.003**

(0.384) (0.373) (0.409)

a Means, and standard deviations (in parentheses).
b Financial services include checking account, savings account, cash management services, credit-re

vices, transaction services, and trust and pension services.
c t -ratios are for differences in the means of the firms that pledged and did not pledge collateral.
* The differences of the two means in columns (3) and (4) are statistically different from zero at the 10%

** Idem., 5%.
*** Idem., 1%.



94 A. Chakraborty, C.X. Hu / Journal of Financial Intermediation 15 (2006) 86–107

that a
lender-
ns

69 ver-

to the
rela-

the
ge of
r the
ve
rower

pri-
ontrol
etric

nclud-
nd the
likely
inci-

rm in

e the
nders
xy for
ders
tion
guish

e rela-
hip,

er. Just
tions.
ver, this

number

f the
t review

)
risky.
ips.
ing a business. Hence, the maximum number of lender-provided financial services
borrower can use is six. The survey shows that, on average, a borrower uses 1.57
provided financial services.14 Also borrowers that did not pledge collateral on their loa
used more lender-provided financial services than those who pledged collateral (1.6
sus 1.516 with at -statistics of 2.688).

Arguably, the length of relationship and number of financial services are related
effects of a borrowing firm’s age, since older firms are more likely to have longer
tionships with banks and may use more bank-provided services.15 However, asBerger
and Udell (1995)point out, there is an important distinction between a firm’s age and
strength of the lending relationship. In the context of information gathering, the a
a business also indicates greater availability of public information about I (the olde
firm, the more information available to the public).16 Thus, banks do not necessarily ha
reliable private information about older firms unless they develop strong bank–bor
relationships through repeated transactions and provision of multiple services.

To account for the potentially confounding effect of a firm’s age (providing both
vate and public information on the use of collateral), the firm’s age is included as a c
variable in the regression. If a firm’s age proxies for private information, the econom
specification should reduce the statistical significance of the relationship variables. I
ing age as an independent variable also controls for the severity of moral hazard a
default risk of a firm. There is strong evidence to suggest that older firms are less
to go bankrupt. Thus, it is expected that a firm’s age will negatively correlate to the
dence of collateral. Like the length of the relationship, firm age is entered in log fo
the regression.

Firms also use services from multiple lenders. This lack of exclusivity may reduc
quality of private information gathered through the lending relationship, prompting le
to require added security. However, the number of borrowing sources may also pro
the firm’s quality. Firms with uncertain prospects are often forced to go to multiple len
in order to meet their credit goals.17 Since both these effects predict a positive associa
between number of borrowing sources and collateral use, it is not possible to distin
one effect from the other.

Preliminary evidence indicates that expectations regarding all four measures of th
tionship are borne out by the data.Table 1shows that the average length of the relations

14 This is the average number of financial services that a firm purchased from its most recent loan lend
like a firm has multiple borrowing sources, the firm may use financial services provided by multiple institu
Therefore, the average number of financial services used by a firm should be higher than 1.57. Howe
paper does not try to test whether or not the financial services the firm purchased fromall institutions affect the
collateral requirement of the most recent loan.
15 The correlation coefficients between firm age and the duration of relationship and between age and the
of financial services are respectively 0.47 and 0.11.
16 Ongena and Smith (2001)point out that any measure of duration of relationship is limited by the age o
firm in the survey and by the survey year and both of these may induce inconsistent estimates. An excellen
of cross country evidence of the number of bank–borrower relationship is presented inOngena and Smith (2000.
17 Foglia et al. (1998)report that borrowers with multiple banking relationships are considered more
Farinha and Santos (2002)also find poor performers in Portugal are more likely to initiate multiple relationsh
Degryse and Ongena (2001)find that firms with bilateral relationships are more profitable.



A. Chakraborty, C.X. Hu / Journal of Financial Intermediation 15 (2006) 86–107 95

firms
ge

nd size
igher
more

nd to
nd thus
ntives
able of
l.
busi-
ifferent

er has
e been

ly with

, part-
terest
incen-
s are
to the

angi-
ovide

bit re-

n

i-
r rela-
nance

mation
isk of
ion, we
trength
the number of non-borrowing financial services, and age are significantly lower for
that pledge collateral. As expected, firms that donot pledge collateral have a lower avera
number of borrowing sources.

We use leverage (ratio of debt to total assets), profitability (returns on assets), a
(book value of total assets) to control for the firm’s observable risk. Firms with h
leverage and lower profitability have higher probabilities of default and, therefore, are
likely to pledge collateral. The effect of size on collateral is unclear. Larger firms te
be more diversified and established, less prone to bankruptcy and moral hazard, a
should pledge collateral less frequently than smaller firms. Yet firms also have ince
to pledge collateral in order to receive favorable rates and larger firms are more cap
doing so. Therefore, firm size may be positively related to the incidence of collatera

Lenders frequently use information on the credit histories of both the owner and
ness to assess default risk. We use four variables: the number of delinquencies on d
obligations within the past three years of the firm and its owner, whether the own
declared bankruptcy within the past seven years, and whether any judgments hav
rendered against the owner. We expect collateral pledge to be correlated positive
each of these variables.

The governance characteristics describe the legal form of the firm: proprietorship
nership, S-corporation, and (regular) C-corporation. As the degree of conflicts of in
among owners, managers, and lenders differs by organizational form, borrowers’
tives to take risks and disclose information may also vary. Industry dummy variable
used to control for industry wide differences. Eight dummies are created according
firm’s one-digit standard industrial classification. Given that the marketability and int
bility of assets vary by industry, we expect that the frequencies with which firms pr
collateral will likely vary by industry.

To investigate how relationships affect the requirement of collateral, we use pro
gression to estimate the probability of a loan being secured. The binary variableCOL takes
a value ofone if the loan is secured and a value ofzero otherwise. The probability of a loa
being secured is given by:

(1)Prob(COL = 1) =
β ′x∫

−∞
φ(t)dt = Φ(β ′x)

whereΦ is the standard normal distribution function.X is a vector of explanatory var
ables, including proxies for different measures of the strength of the bank–borrowe
tionship and control variables to proxy for a firm’s creditworthiness, as well as gover
characteristics, including industry dummies.

4. Estimation results

Theory suggests that lending relationships should generate valuable private infor
about a borrower. This ability to generate private information should reduce the r
issuing loans and, consequently, reduce the need for securing loans. In this sect
discuss new empirical findings on this issue, concentrating on two measures of the s
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of the bank–borrower relationship: the duration of the relationship and the number of
provided financial services used.

Table 2 provides probit estimates that address our central question: How doe
bank–borrower relationship affect collateral use for loans?Table 3presents contract cha
acteristics that distinguish L/C and non-L/C loans. To illustrate the problems asso
with pooling across loan types, we divide our sample into L/C and non-L/C loans iTa-
ble 4. The results highlight the importance of loan type in quantifying the impact
lending relationship on decisions to secure a loan.

4.1. Full sample results

Table 2, specification (1), reports probit estimates for the full sample with no co
for credit history. To emphasize the impact of credit history on the relationship varia
specification (2) includes credit control variables.

Among the relationship variables, the estimate for the coefficient on the number
nancial services used is negative and is statistically significant at the 1 percent lev18 If
a firm uses one more bank-provided service than the average number of service
the probability of pledging collateral decreases by 2.9 percent. The estimate for t
efficient on the length of the relationship is negative, as expected, but is not statis
significant.

There are two possible explanations for the finding that the duration of the lending
tionship does not affect the decision to secure a loan. First, the duration of the relati
may not capture the lender’s ability to produce reliable private information. Second
for certain kind of loans long business associations may be necessary to generate
information. Pooling across different categories of loans might then dilute the im
of the length of the relationship. These possibilities are investigated in the next su
tion.

We find that a firm’s age (a proxy for public information) is inversely related to the
dence of collateral.19 Older firms are less likely to pledge collateral because they
longer track records and exhibit fewer and less significant information problems
younger firms. This result is consistent with the predication byBoot and Thakor (1994
that collateral is less likely to be required for older, more established firms. The ma
probability in specification (1) ofTable 2shows that a firm’s probability of pledging co
lateral falls by 5.1% if the firm’s age increases by one standard deviation from the
age of the sample.

The estimate for the coefficient on the number of borrowing sources is both po
and significant. Specification (1) indicates that a firm’s probability of pledging colla
increases by 2.6% if a firm has one more source of borrowing than the sample av

18 The economic significance of the estimate is given by the marginal probability in column 2 of specificati
19 Petersen and Rajan (2002)identify four other variables to proxy for public information: (i) use of busin
credit cards, (ii) availability of financial records at the time of the survey, (iii) information on franchising
(iv) the equity owned by the largest shareholder. We included each of these as a measure of public info
but none of these variables was significant in our sample nor did any of them change the qualitative natu
results reported.
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sion also

s not
Table 2
Incidence of collateral and role of relationship in the full sample

Variable (1) (2)

Coefficient
estimates

Marginal
probability

Coefficient
estimates

Marginal
probability

Log length of relationship (years) −0.087 −0.029 −0.075 −0.025
(1.61) (1.47)

Number of financial services −0.088*** −0.029 −0.087*** −0.028
(2.95) (2.90)

Number of borrowing sources 0.078*** 0.026 0.066** 0.022
(2.57) (2.16)

Log of firm age (years) −0.133** −0.044 −0.141*** −0.050
(2.33) (2.45)

Log of total assets 0.096*** 0.032 0.099*** 0.032
(4.27) (4.32)

Debt-to-assets ratio 0.241*** 0.079 0.239*** 0.078
(3.29) (3.25)

Return on assets −0.024 −0.008 −0.018 −0.006
(0.73) (0.55)

Business delinquencies 0.101*** 0.033
(2.73)

Owner bankruptcy −0.056 −0.019
(0.21)

Judgment 0.297 0.088
(1.45)

Owner delinquencies −0.016 −0.005
(0.30)

R-corporation 0.053 0.017 0.059 0.019
(0.50) (0.56)

S-corporation −0.001 −0.003 0.022 0.007
(0.01) (0.20)

Partnership −0.143 −0.049 −0.131 −0.044
(0.96) (0.87)

Constant −0.455 −0.517*

(1.63) (1.83)

Observations 1632 1632
Log likelihood −909.4 −903.7
PseudoR2 0.057 0.063
χ2 109.1 120.5

The dependent variable is set to one if a firm pledged collateral for the most recent loan. Asymptotict -statistics
for the probit estimates are reported in parentheses. In addition to the variables reported, each regres
includes seven industry dummies based on one-digit SIC codes.
Key message: In the full sample—where L/C and non-L/C loans are pooled—duration of relationship doe
affect collateral use. Pooling across loan types may dilute the impact of the relationship variable.

* Statistical significance in a two-tailed test at the 10% level.
** Idem., 5%.
*** Idem., 1%.
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This suggests that firms with lower credit ratings borrow from multiple sources.Petersen
and Rajan (1994)also find that borrowing costs are higher for firms that borrow fr
multiple banks.

The coefficient estimate on the debt-to-assets ratio is positive and significant,
the return-on-assets estimate is negative but insignificant. This result indicates that
leveraged and less profitable firms will more likely be required to pledge collateral.

Size of the firm, measured by the log of total assets, is positively and significant
sociated with the probability of pledging collateral.Berger and Udell (1995)find similar
results for L/C loans. This result may seem puzzling, since larger firms are relativel
and should be asked to pledge collateral less often. Larger firms, however, are mor
to pledge collateral to obtain better terms on their loans. Using sales and employm
proxy for firm size yielded no statistical significance in the model, indicating that in
specification of total assets may be a reliable proxy for collateralizable assets avail
a small business.

Specification (2) ofTable 2includes credit history variables as additional explana
variables. Adding the public information on a firm’s creditworthiness does not chang
coefficient estimates of the relationship variables. Among the credit history variables
business delinquency is significantly positive. This indicates that if a firm has repay
problems, it is more likely to pledge collateral. The owners’ credit histories do not ap
to be relevant to the incidence of collateral.

4.2. Is the bank–borrower relationship less important for non-L /C loans?

Like Petersen and Rajan (1994), we find that longer relationships do not benefit borro
ers in the full sample when both L/C and non-L/C loans are pooled.20 Berger and Udel
(1995)attribute this finding to the difference between L/C and non-L/C loans. The
gue that reputation and information effects are substantially less important for no
loans. Pooling across loan types may then reduce the significance of the duration
relationship for the full sample.

Without suitable empirical evidence, it may be premature to conclude that inform
effects are less important for non-L/C loans. Nevertheless,Berger and Udell (1995)make
a strong case to explain why contracting features and the proposed use) of loan
determine how a that loan is monitored.21 In this section, we discuss the difference betw
L/C and non-L/C loans in terms of contracting features, and provide the first evidenc
different aspects of the bank–borrower relationship can affect the use of collateral fo
types of loans.

The survey reports six types of “most recent” loans. They are line-of-credit, ca
leases, mortgage, motor vehicle, equipment, and other loans. Line of credit and n
of-credit loans constitute two broad loan types. Contract characteristics for L/C loan
non-L/C loans are available inTable 3.

20 In their model, however, they include percentage of trade credit to capture indirectly the availability o
loans and to find that longer relationships do positively affect availability of trade credit.
21 Berger and Udell (1995)did not analyze the effects of the relationship on the terms of credit for non
loans.
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Table 3
Contract characteristics of line-of-credit and nonline-of-credit loans

L/C loans Non-L/C loans t-ratiosa

Number of observations 983 649
Loan size (million) 1.483 0.707 3.253***

Interest rate on the loan 6.426 6.321 1.560
Maturity (months) 22.86 64.36 −14.59***

Finance working capital 0.718 0.27 20.01***

Secured loan 0.618 0.87 12.42***

Secured by inventory 0.373 0.11 13.35***

Key message: L/C loans are larger, less secured, have smaller maturity and are generally used to finance
capital. Monitoring these loans may be need different kinds of information relative to more secure non-L/

a t -ratios are for differences in the means between L/C loans and non-L/C loans.
*** The differences of the two means in columns 2 and 3 are statistically different from zero at the 1% le

A line-of-credit loan is one that a firm borrows from its lender through a line-of-cr
account. Like a credit card account, a line of credit account allows the borrower to
funds from the account, up to a pre-approved limit. Since L/C loans are used ma
finance working capitals (72 percent versus 27% for non-L/C loans) instead of a sp
asset, L/C loans have short terms (23 months on average versus 64 months for n
loans) and large loan sizes ($1.48 millions versus $0.71 millions for non-L/C loan22

Without being tied to a specific investment, the contract characteristics of L/C loans p
the borrower with incentives for asset substitution and force the lender to be more
of the borrower’s overall performance and creditworthiness. To assess the a lende
heavily rely on “soft” information that cannot be quantified and cannot be directly ve
by anyone other than the agent who produces it (Stein, 2002). Such information is obtaine
primarily through a long association with the borrower.

Non-L/C loans are used to finance a long-term assets and typically have long
turities and fairly standard contracting features and approval criteria (e.g., credit sc
Unlike L/C loans, the information required in processing a non-L/C loan is often bas
“hard” information—information that can be verified and monitored at a cost. Prov
multiple banking services to a non-L/C borrower significantly reduces the cost of pr
ing, verifying, and continually monitoring such information. Often, the unique informa
acquired through long association (and prior loan rearrangements) is not necessary
uate and process these loans. Non-L/C loans are usually one-time, transaction-drive
The fact that these loans will not be renegotiated reduces the benefits from havin
relationships with the borrowers. Therefore, for non-L/C loans, the number of fina
services used is a better indicator of the importance of private information for lender

To test whether the two primary proxies for the bank–borrower relationship hav
ferent impacts on the use of collateral, we split the sample into L/C and non-L/C l
Columns (2) and (3) inTable 4report the results of the probit regression for the t
sub-samples. For L/C loans, the coefficient estimate on relationship length is negat

22 The NSSBF survey directly reports if the primary use of the most recent loan or line of credit is wo
capital.
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Table 4
Incidence of collateral and role of relationship for L/C and non-L/C loans

Variable (1) (2) (3)

L/C loans Non-L/C loans L/C Non-L/C

Log length of relationship (years) −0.111* 0.041 −0.139** 0.085
(1.67) (0.41) (2.20) (0.96)

Number of financial services 0.037 −0.149** 0.044 −0.171***

(0.97) (2.30) (1.22) (2.76)

Number of borrowing sources 0.062 0.072 0.067***

(1.60) (1.13) (2.05)

Log of firm age (years) −0.226*** −0.061 −0.167***

(3.06) (0.52) (2.75)

Log of total assets 0.171*** 0.098** 0.141***

(5.57) (2.26) (5.75)

Debt-to-assets ratio 0.361*** 0.158 0.289***

(3.82) (1.12) (3.70)

Return on assets 0.028 −0.114** −0.019
(0.61) (2.00) (0.55)

Business delinquencies 0.132*** 0.004 0.102***

(2.86) (0.06) (2.62)

Owner delinquencies
0.021 −0.010 −0.004
(0.29) (0.196) (0.08)

Owner bankruptcy
−0.257 0.459 −0.040
(0.77) (0.73) (0.145)

Judgment 0.212 0.628 0.301
(0.81) (1.33) (1.36)

Constant −1.912*** −0.224 −1.615*** −0.644**

(5.06) (0.40) (5.12) (1.96)

Observations 983 649 1632
Log likelihood −580.6 −212.6 −808.3
PseudoR2 0.110 0.123
χ2 143.9 59.5

The dependent variable is set to one if a firm pledged collateral for the most recent loan. Asymptotict -statistics
for the probit estimates are reported in parentheses. In column (3), the intercept, coefficients on the le
relationship, and number of financial services differ by L/C and non-L/C loans. In addition to the variab
ported, each regression also includes seven industry dummies based on one-digit SIC codes and three g
dummies (R- or S-corporation or partnership).
Key message: For L/C loans, only duration of relationship reduces the likelihood of collateralization. For non
loan only the number financial services used by the borrower affects the incidence of collateral. “Soft” infor
may be more important to L/C loans that are more difficult to monitor than non-L/C loans.

* Statistical significance in a two-tailed test at the 10% level.
** Idem., 5%.
*** Idem., 1%.

significant, and the estimate on the number of financial services is not significantly
ent from zero. The coefficient estimates for the remaining variables are similar to th
sample results.
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For the non-L/C loans, the coefficient estimate for the number of financial servi
negative and significant at the 5 percent level, while the coefficient on the length of th
tionship is not significantly different from zero. The estimates on other variables have
statistical significance because of the smaller size of the sample. One noticeable dif
is that the return-on-assets estimate is now significant and also has the predicted si

To formally test whether the coefficients on the proxies for relationships are statis
different across L/C and non-L/C loans, we estimate the probit regression in whic
intercept and the coefficients on the length of the relationship and the number of fin
services differing by type of loan. The results reported in column 3 show that the es
for the coefficient on the length of the relationship is negative and significant at the
cent level for L/C loans but is insignificant for non-L/C loans. The difference of the
estimates is−0.224, with a standard error of 0.101 and at -ratio of −2.219, indicating
the two coefficients are significantly different from each other at the 5 percent leve
estimate for the coefficient on the number of financial services is negative and sign
at the 1 percent level for non-L/C loans but is not significant for L/C loans. Thet -ratio for
the difference of the two estimates is 3.041, strongly rejecting the hypothesis that th
coefficients are equal. The estimates for the coefficients on other variables are sim
those reported inTable 2.

The above results indicate that non-L/C loans are less likely to be collateraliz
borrowers use more services. Given the fact that banks provide more services tha
banks,23 a hypothesis for the association between collateral and services is that co
requirements are different for banks and non-banks, and financial services in our
sions merely proxy for the lender type. To test this hypothesis, two collateral regre
with non-L/C loan samples are estimated. The first regression includes a dumm
able for commercial banks as an additional explanatory variable. The second regre
the same as the collateral regression of non-LC loans inTable 4, column (2), but is esti
mated with the bank loan sample only. The estimates of the two regressions are rep
Table 5. The estimates of the first regression reported in column (1) indicate that the
mercial bank dummy was statistically insignificant while the estimate for the coefficie
the number of financial services is still significant at the 5 percent level. The estima
the second regression show that even when non-bank loans are excluded, the rela
between collateral incidence and the number of financial services as shown in colu
remains significant. The results indicate that characteristics of the source of lending
drive the results.

These results are consistent with our hypothesis that the bank–borrower relations
fects the incidence of collateral for both L/C and non-L/C loans. The findings also su
that both measures of lending relationship—the length of a relationship and number
vices used—are not equally important for securing L/C and non-L/C loans. It is, ther
not surprising that pooling these loans distorts the impacts of both the relationship p

Like previous studies, the estimates of the collateral regression in this paper are
to possible sample selection bias because the firms in our sample are the firms that r

23 On average, a firm purchases 1.66 financial services from the most recent lender if the lender is a b
0.16 if the lender is a financing company.
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Table 5
Incidence of collateral and role of relationship for non-L/C loans

Variable (1) (2)
All non-L/C loans Bank non-L/C loan

Log length of relationship (years) 0.034 0.055
(0.34) (0.52)

Number of financial services −0.167** −0.135**

(2.34) (1.99)

Number of borrowing sources 0.076 0.098
(1.18) (1.42)

Log of firm age (years) −0.057 −0.056
(0.48) (0.44)

Log of total assets 0.099** 0.098**

(2.28) (2.14)

Debt-to-assets ratio 0.155 0.132
(1.10) (0.89)

Return on assets −0.114** −0.089
(1.99) (1.51)

Business delinquencies 0.004 −0.004
(0.06) (0.06)

Owner delinquencies −0.007 −0.018
(0.07) (0.16)

Owner bankruptcy 0.478 0.451
(0.77) (0.70)

Judgment 0.624 0.590
(1.32) (1.21)

Commercial bank 0.127 –
(0.61)

Constant −0.325 −0.304
(0.56) (0.51)

Observations 649 561
Log likelihood −212.4 −197.3
PseudoR2 0.123 0.113
χ2 59.8 50.5

The dependent variable is set to one if a firm pledged collateral for the most recent loan. Asymptotict -statistics for
the probit estimates are reported in parentheses. In addition to the variables reported, each regression als
seven industry dummies based on one-digit SIC codes and three governance dummies (R- or S-corpo
partnership).
Key message: Banks provide significantly more services than non-banks. Even for non-bank loans, the num
services used by the borrower (and not the duration of relationship) affects collateral use. Source of lend
not drive our results.
** Statistical significance in a two-tailed test at the 5% level.

loan approval (and therefore may not constitute a random sample). To correct for th
sible selection bias, we jointly estimate a loan approval and collateral use equations
the maximum likelihood procedure as shown in the appendix. The estimation of the
indicates that the sample selectivity does not bias the results for our model.
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5. Conclusion

Our findings indicate that the bank–borrower relationship can be a valuable sou
private information that can reduce uncertainty and, ultimately, the need to secure a
business loan. Both the duration of the relationship and the number of bank-provide
vices affect the decision to secure a loan. These two dimensions of the relations
not substitutable because they tend to generate different kinds of information. Dura
bank–borrower relationships is more important to securing L/C loans because it gen
“soft” information through repeated interactions that are particularly valuable to asse
risk of an L/C loan. Longer relationships give the lender access to valuable private
mation that reduces the risk and, consequently, the need for securing these loans. D
of the bank–borrower relationship may be less important for nonrecurring standa
non-L/C loans. Instead, a bank’s ability to extract information through financial ser
that it provides reduces the risk and, ultimately, the propensity to secure such loan
results also indicate that pooling across loan types dilutes the impact of both leng
scope (number of bank-provided services used) on the terms of a loan.
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Appendix A. Testing for selectivity bias

The 1993 NSSBF reports that, in the previous three years, 2,007 firms applied for
312 of which were denied. Because loan applications were not denied on a random
firms that received loan approval may not constitute a random sample. It is quite po
that the characteristics that barred firms from securing loans were correlated with th
dence of collateral. We provide the first estimates that explicitly control for this sele
bias.

Before approving a loan, lenders usually assess the probability that the prosp
borrower will default. It is possible that this process is subjective, and that non-fina
factors affect the probability of an application being approved. Using the 1993 NS
Blanchflower et al. (1999)find that black-owned firms are more likely to be denied a l
than white-owned firms.Cole (1998)finds that a potential lender is more likely to exte
credit to a borrower with which it has a preexisting borrowing relationship. Both stu
suggest that serious selection bias may exist if one does not explicitly control for the
that were denied loans.

The sample selection bias problem arises when the error terms in the loan approva
tion (a probit or logistical model) and the collateral use equation contain some com
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omitted variables (i.e., the correlation coefficient between the two error terms is not
This selection bias will yield inconsistent estimates for the collateral use equation.
tion bias can be corrected by using Heckman’s two-step procedure or by jointly estim
the loan approval and collateral use equations using the maximum likelihood proc
We use the latter procedure, which is more efficient than the two-step procedure b
it uses the information on the correlation coefficient between the two error terms. W
maximum likelihood estimation to jointly estimate the loan approval and collatera
equations to correct for sample selection bias.

Because the 1993 NSSBF does not record the types of loans that are denied,
unable to estimate the model separately for L/C loans and non-L/C loans. Conseq
we assume that a lender’s decision to approve or deny a loan application is indepen
the type of loan. This allows us to jointly estimate a specification where the loan app
equation is the same for both types of loans, but the specification of the collater
equation differs for each type of loan.24

FollowingBlanchflower et al. (1999), we use a probit model to explain the loan appro
decision:

(A.1)Prob(APPi = 1) = Wiα + µi,

whereAPPi is an indicator variable for loan approval for firmi, andW is a vector of
explanatory variables that includes firm characteristics as well as the race and ge
the firm’s owner. The collateral use equations for L/C loans and non-L/C loans are:

(A.2a)Prob(COLi = 1) = Xiβ + νi,

(A.2b)Prob(COLi = 1) = Xiγ + ωi.

Assuming thatµ andν, µ andω are bivariate standard normally distributed with corre
tion coefficientsρ1 andρ2 respectively, the likelihood function of the system is:

L = ⊆
APPi=1
COLi=1
LCi=1

Φ2(Xiβ,Wiα;ρ1) < ⊆
APPi=1
COLi=0
LCi=1

Φ2(−Xiβ,Wiα;−ρ1)

< ⊆
APPi=1
COLi=1
LCi=0

Φ2(−Xiγ,Wiα;ρ2) < ⊆
APPi=1
COLi=0
LCi=0

Φ2(Xiγ,Wiα;−ρ2)

(A.3)< ⊆
APPi=0

Φ1(−Wiα)

whereΦ2 andΦ1 are the bivariate and the standard cumulative normal distribution f
tions, respectively; indicatorLCi = 1 if the loan is an L/C loan, 0 otherwise;COLi = 1

24 Alternatively, we can assume that the correlation coefficients between the error terms of the loan a
regression and the collateral regressions for L/C and non-L/C loans are the same. This assumption will
the likelihood function but imposes more restrictions.
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Table A.1
Incidence of collateral and role of relationship: maximum likelihood estimates with sample selection corr

Variable (1) (2) (3)
Line-of-credit Nonline-of-credit Selection equatio

Log length of relationship (years) −0.126** 0.035 −0.042
(2.00) (0.30) (0.68)

Number of financial services 0.020 −0.167** 0.146***

(0.57) (2.04) (3.45)

Number of borrowing sources 0.083** 0.119* 0.009
(2.10) (1.79) (0.30)

Business delinquencies 0.152*** 0.026 −0.180***

(3.48) (0.28) (4.73)

Owner delinquencies 0.071 0.038 −0.099**

(1.025) (0.28) (2.11)

Owner bankruptcy −0.125 0.424 −0.466***

(0.40) (0.51) (2.58)

Judgment 0.232 0.319 −0.286*

(0.91) (0.70) (1.77)

Log of firm age −0.239*** −0.110 0.235**

(3.37) (0.90) (3.45)

Log of total assets 0.121*** 0.113** 0.139***

(3.64) (2.05) (5.73)

Debt-to-assets ratio 0.011 −0.005 0.009
(0.33) (0.09) (0.41)

Return on assets 0.027 0.000 0.002
(1.28) (0.00) (0.18)

Black −0.617***

(5.16)

Asian −0.482***

(3.05)

Indian 0.352
(0.47)

Hispanic 0.043
(0.25)

Female-owned −0.026
(0.25)

Constant −0.982*** −0.328 −0.959**

(2.18) (0.38) (3.21)

ρ −0.671 −0.108
(1.49) (0.13)

Log likelihood= −1518.5

The dependent variable is set to one if a firm pledged collateral for the most recent loan. Asymptotict -statistics
for the probit estimates are reported in parentheses. Each regression also includes seven industry dumm
on one-digit SIC codes and three governance dummies.
Key message: Likelihood ratio tests (onρ) indicate that selection bias does not affect our results.

* Statistical significance in a two-tailed test at the 10% level.
** Idem., 5%.
*** Idem., 1%.
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if the loan is secured, 0 otherwise. The system is identified because the race and
variables of the firm’s owners are contained inWi but not inXi .25

Table A.1 presents the maximum likelihood estimates of Eq.(A.3). The results in
columns (1) and (2) show that the two primary relationship proxies (length of rela
ship and number of financial services) have similar effects on the use of collateral. T
similar to the results reported inTable 4. The coefficient estimate of relationship length
negative and significant for L/C loans but is not statistically different from zero for
L/C loans. On the contrary, the coefficient estimate of the number of financial servi
negative and significant for non-L/C loans but is not statistically different from zer
L/C loans.26

The estimates for the loan-approval selection equation (column (3)) suggest that
and Asian-owned businesses are less likely to be extended credit than are white
businesses. This is consistent with the finding ofBlanchflower et al. (1999). The estimates
also suggest that larger firms, firms with better credit history, and firms that use
lender-provided financial services are more likely to receive credit.

The correlation coefficient estimatesρ1 andρ2 are both negative and statistically i
significant. We can use a likelihood ratio test to determine whetherρ1 andρ2 are jointly
equal to zero, i.e., H0: ρ1 = ρ2 = 0. From Eq.(A.3), the log likelihood of the system und
the null is equal to the sum of the log likelihood of the loan-approval probit model an
collateral probit models for L/C and non-L/C loans. The negative of twice the differ
between the log likelihood under the null and the log likelihood reported inTable A.1is
3.27. This is distributedχ2 with two degrees of freedom, indicating that the null canno
rejected, and the sample selectivity is not important for our specification.
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