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1 Introduction

The main credit terms in bank lending, the loar rahd collateral, are highly correlated with
macroeconomic conditions. As shown in Figure 1, th&. bank prime loan rate fluctuates
roughly in a cyclical manner; for instance, it read 8.2% in July 2007 before the financial crisis
broke out but fell to 3.25% later in July 2009. i@wral, however, tends to be counter-cyclical,
falling during economic expansions but rising dgricontractions (Asea and Blomberg 1998;
Jimenez et al 2006). According to the Euro AreakBlaending Survey (2009) conducted by the
European Central Bank, around 25% of reporting bagkpected to tighten their collateral
requirements in the fourth quarter of 2007, and tltumber rose sharply a year later reaching
50% in the fourth quarter of 2008 when the finahcigsis was spreading globally. The joint
movements in the loan rate, collateral and macma@oec conditions raise the following
important questions: How does the combination ghllow) loan rate and low (high) collateral
affect firm risk taking? How do changing investmepiportunities interact with credit terms to
affect firm investment and growth, and do such affevary across firm? How do overall
macroeconomic conditions affect the duration ofltreelationship between banks and firms?

To address these questions, we present a new rmbdghamic investment and financing
decisions by firms under bank loan financing. Im model an entrepreneur decides whether or
not to undertake a risky project given the loare rahd collateral requirements of banks and
future investment opportunities. If the entreprendecides to take the project and is able to to
repay the loan, the project continues into the meectod. If the project fails, the collateral is
seized by the bank and the entrepreneur has tdavait least another period before investing in
a new project. We derive the entrepreneur’s optidyalamic investment policy in terms of the

type of risky project undertaken and show how tingtsgy is related to the loan rate, collateral



and expectations about furture macroeconomic tiongi

Figure 1: The U.S. Bank Prime Loan Rate: 1949-2009
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Note: The shaded areas indicate U.S. recessions. Theesolithis figure is from the Board
of Governors of the Federal Reserve System (20§&areh.stlouisfed.org).

The formulation of the optimal investment policy tfe bank-financed entrepreneur
allows us to characterize the impacts of collatarad the loan rate on risk-taking incentives
given uncertain future investment opportunities. 8ew that an increase in the loan rate always
increases firm risk taking incentives while collalehas dichotomous effects on such incentives.
In particular, in an economic boom if the loan rages above the expected future investment
return, a rise in collateral induces firms to unaee riskier investments. However, in an
economic contraction if the loan rate falls beldwe expected future investment return, a rise in
collateral induces firms to select safer projettsuitively, when the loan rate is high, firms
choose riskier projects so that the high cost afdwaing is offset by the advantage of limited
liability; greater collateral exacerbates the hegist of debt and induces more risk taking. On the
other hand, when the loan rate is low, firms talleaatage of the low cost of borrowing by
selecting safer projects and reducing the chanakeffit. More collateral increases the cost of

default and makes the firm more prudent in its stweent. Thus the effect of collateral on firm



risk taking incentives depends on the level ofltan rate.

To the best our knowledge, this paper is the fisthighlight theoretically the
dichotomous effects of collateralSuch effects have important implications for threicture of
optimal loan contracts. Our analysis suggests thatlevel of the loan rate is critical in
determining the impact of contract terms on ridkrtg. An increase in the loan rate transforms
collateral from a risk curbing to a risk inducingsirument once the loan rate surpasses the
expected investment return. Thus imposing a stotiateral requirement does not necessarily
reduce firm risk taking since the effect of coltaledepends on the level of the loan rate and
expected investment return. Indeed, empirical aladiems showing that lower (higher) collateral
policies are typically associated with high (lowah rates in macroeconomic upturns (downturns)
suggest that concerns about excessive borrowetakskg in high loan rate environments causes
banks to avoid high collateral requirements.

We also show how changes in future investment dppities affect firm investment
decisions under bank financing. Future investm@piodunities are characterized by the arrival
rates of projects and expected investment retdigh higher arrival rates, an entrepreneur
undertakes riskier projects as it becomes easindoother projects if the original project fails.
Also, with higher expected returns, the firm canintan its profitability without recourse to
riskier projects. In a macroeconomic upturn, progatival rates and expected returns increase
but as the upturn reaches its peak, expected setlgcline while arrival rates remain high. Our
theory predicts that such changed investment oppities lead bank-financed firms to invest in

riskier projects, resulting in a higher credit riskhe economy.

1 A dichotomous effect of collateral is also foundd recent experimental study by Serra-Garcia (R0dtb
examines borrowers’ effort choices in a one-pelémdling game. She shows that the effect of colihten effort is
strong when interest rates are low, but weak withese are high due to borrowers’ loss aversion andess
concerns (which offset the incentive effect of atalal).
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We examine as well the impact of firm quality ¢w tinteraction between credit terms
and risk taking. We define firm quality by the sess probability distribution of iavailable
investment projects where for a lower quality fiths distribution has a lower average but a
higher variance. We show that the incentive effettsredit terms are stronger for lower-quality
firms; thus, while a rise in the loan rate indua#dirms to take on more risk, this effect is more
pronounced for lower-quality firms. Moreover, aghiloan rates, raising the collateral increases
the investment risk of all firms but more so fowkr-quality firms. On the other hand, at low
loan rates, reducing collateral increases riskagkincentives and more so for lower-quality
firms. Overall, our results indicate that low-giyalirms are more responsive to changing credit
terms.

Finally, we analyze the duration of the bank-firaationship, defined as the number of
periods for a firm to successfully repay its delt.good quality firm has a longer credit
relationship with its banks, and a higher expegbedjiect return extends this duration. In
contrast, higher project arrival rates induce firtastake riskier investments and shorten the
relationship duration. To the extent that projectval rates and expected returns vary with
economic conditions, our theory suggests that thmatobn of the bank-firm relationship is
sensitive to overall economic conditions.

Our theory vyields several new empirical implicasoon the relationship between bank
lending, macro-economic conditions and firm investm It suggests that the relationship
between the loan rate and collateral is nonlindeat the loan rate and collateral are positively
(negatively) correlated when the loan rates iswelabove) the expected investment returns as
collateral has dichotomous effects on firm riskingk Moreover, the impact of macroeconomic

conditions on risk taking depends on project afrnedies and their expected returns. Higher



project arrival rates but lower expected returrsdléo greater risk taking. Macroeconomic

conditions also affect the duration of credit nelaship between firms and banks; higher projects
arrival rates and lower investment rates shortendilivation of a successful credit relationship.
Finally, risk taking incentives of low quality firsnare more sensitive to variations in

macro-economic conditions.

In sum, the contributions of this paper are thriekfBirst, it introduces a new model of
bank lending and firm investment. Extant modelstlos role of the loan rate and collateral in
credit relationships are largely staticThis paper investigates the structure of loan remis and
their impact on firm investment decisions withirdgnamic model of investment and lending.
We show that the impact of collateral on firm invesnt depends on the level of the loan rate,
the quality of firm, and expectations of future é@stment opportunities.

Second, ar paper contributes to the literature on the impdécredit conditions on firm
investments. The extant literature shows that tdeessibility of credit has a significant impact
on firm investment through collateral channel. Erample, a monetary contraction for curbing
inflation raises interest rates, lowers asset pri@nd impairs collateral values, and thereby
reduces investment and growth (e.g., Bernanke £929). In contrast, asset price spikes under
loose monetary policy increase the availabilityaesets pledged as collateral for loans, creating
lending booms and stimulating firm investments .(e@podhart et al 2005). Our results suggest
an additional channel through which credit condisicaffect firm investment, namely, that

changing expectations of future economic conditialter the impact of credit terms, the loan

2 This literature consists of two broad explanatidos the use of collateral as arising froex ante private
information andex postincentive problems. The ex ante theories incliBtalitz and Weiss (1981), Wette (1983),
Chan and Kanatas (1985), Bester (1985) & (19873aBko and Thakor (1987 a & b), Chan and Thakor {},98
Boot et al (1991), etc. The ex post theories inellidwnsend (1979), Gale and Hellwig (1985), Willsaom (1986),
Innes (1990), Boot and Thakor (1994), Boyd and &irtii994), Aghion and Bolton (1997), Holmstrom &ritble
(1997), Coco (1999), Albuquerque and Hopenhayn4200o00ley et al (2004), Besley and Ghatak (208&), The
role of collateral considered in these models imttigate agency problems on the part of the boerowderst and
Mueller (2007) consider the role of collateral iftigating incentive problems on the part of theden



rate and collateral, on firm investment decisions.

Third, our model explains the relationship betweenilateral and macroeconomic
conditions. Jimenez et al (2006) have found thatroeconomic conditions have a significant
effect on the use of collateral; that collaterad decreases in economic upturns but increases in
downturns. They note, however, “...little is knownoab the impact of macroeconomic
conditions, such as the business cycle or monetrgy, on the decision to pledge collateral. ...
There is no theory to date on the relation betwdnenuse of collateral and macroeconomic
conditions.” Berger et al (2011a,b) point out tlzadlateral is a widely used but not well
understood debt contracting feature. Our papes filis gap by offering a theory of the
interaction between collateral and macro-economoieditions and generates predictions new
empirical predictions.

The rest of the paper is structured as followsti&e@ presents our model and derives the
optimal investment decision rule for the firm. Sect3 conducts the comparative static analysis
and examines the effect of credit terms on firmestment. Section 4 discusses the model’s

empirical implications. Section 5 concludes thegrap

2 The Model

2.1 Basic Setup

The entrepreneur can choose to be a worker eangirtige market wage or to start a firm with
limited liability. If she does the latter, she ne¢d choose a project among available alternatives
and borrows from a bank to finance it, taking agegithe credit contract terms pertaining to
collateral provisions and interest payments. Theepiability of the project is affected by both its
return/risk characteristics and the credit termhghé project is not expected to be sufficiently

profitable by the enterprenuer, she choose to larsad as worker and waits for the arrival of a



new project yielding a higher profit. If she aceefite project and finances it by borrowing from
the bank, two possible outcomes emerge after onedoef the project succeeds, the firm and
the bank continue their credit relationship; if f®@ject fails, this relationship is terminated. In
the latter case, the firm goes bankrupt and theepréneur becomes a salaried worker waits at
least one period before starting a new firm. Wagitiar one period provides a penalty for the
failed entrepreneur to re-enter into entrepreneprsé.g., due to the loss of reputatin.

As in the literature (e.g., Stiglitz and Weiss, 1%hd 1992; Ghatak 1999; Aronld and

Riley, 2009), we assume that a project yields aloan return R to the firm each period,
producing R(p) with probability p and zero with probabilityp®(= 1 — p.* Projects have the
same mean return per perio&R) = pR(p) =R, for OpO|p,1] and p>0. They differ in
their riskiness, where a riskier project which sexsts produces a higher return for the firm, since
R(p) <0.

A particular project typ®, wherep is its success probability, is drawn from the @nd

variable p that is assumed to bei.d. over time as in Burdett and Coles (1997). The
distribution of project typesp O[p(x)1] is P(p< p)=G(p, with density g(p), mean x,
and varianceg”. This distribution is firm-specific, and depends the firm's risk type ‘(= 1

— w). The population of projects available to the fiwh quality typeu is [p(x)a1] with

d p(u)/ du® <0. Thus the lower is its qualify, the riskier is the firm.

A riskier firm has a smaller mean probability obpact success and a larger variance of

project type, as shown in the left panel of FigRiender the unit-area preserving property of the

% Blanchflower, Oswald and Stutzer (2001) and Tannjr&tsch and Meijaard (2006) show that failed gméeeurs
tend to maintain their entrepreneurial preferenog that it is a pervasive phenomenon for failedegreneurs to
re-enter into entrepreneurship.

* For any variable in this paper, we use the definitionx6f= 1 — xfor notational simplicity.



density function (i.e., are#® = areaB). It follows from this thatéG(pl,u)/a,u<O or
G(plw)> G(p|u,) for Op<1 and 4 < u,, as depicted in the right panel of Figure 2. We
shall at times suppresg fromp, g, and G to simplify notation.

Figure 2: The Distribution of Project Types
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The firm carries out one project per period by baing from a bank one unit of credit.
Old debt borrowed for a successful project hasetodpaid before new debt is serviced in order
to continue the project. If the firm defaults os lban because of project failure, it loses its
pledged collateral to the bank. The loan rate asithteral are variables observable to the firm

and the bank.

The random profitx to the firm each period is given bR(p)—r with probabilityp,
and 0-c with probabilityp®, where r is the gross interest rate (= 1 + interest ratajl by

the firm if the project succeeds ard is the value of collateral claimed by the banké firm

defaults. The mean profit per period is:

E(r)=R—-(pr+ #g=7( p. (1)
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Note that r>1 but ¢< or >1 for one unit of loan. Our model covers cases of
over-collateralization, full-collaterization, andder-colleralizationg > r, ¢ = r, andc < r. The
average recovery rate of defaulted bank loansaril$. is relatively high. For example, Moody’s
reports that the average recovery rate for bankslaathe U.S. was 71% between 1990 and 2006,
a period that included long economic expansionstandecessions. The loan recovery rate tends
to deteriorate in economic downturns. Fitch Ratisgsws that the recovery rate on U.S. bank
loans was only 57.5% in first six months of 200r @nlysis focuses on the realistic case of
under-collateralization, i.e¢ <r  as in Stiglitz and Weis (1983) and Arnold and Ri(2909).
The above discussion leads to the following prapmsi
Proposition 1:

Riskier projects are more profitable to the firmvgn a credit contract ¢,r ) with
under-collateralization, sincec <r implies 7z,(p) =—(r-c) <0; that is a project of lower

type p yields a higher mean profit,(p) per period.

2.2 Dynamic Project Selection

The investment choice of the entrepreneur is foated in the dynamic model described next.
Consider firm value from project selection overcdete intervals of timev(p) denotes the
present value of the decision as to whether ortmaindertake a project of typethis period,
given possible investment opportunities in subseyyeeriods. The decision is made at the
beginning of period0 and takes into account of future risks and oppmuties. The project
selection value is specified a¥(p) =maxXM(p),U} to assess trading and investment
opportunities over time, wher€l(p) and U are defined shortlyV(p), together with its

componets, is illustrated in Figure 3.
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Figure 3: The Dynamics of Firm Investments
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N(p) denotes the present value of the firm undertakirtgpe p

and behaving optimally in the fure. This value ésetimined by a recursive

n(p)=p{[R(P)-r]+AN (0} + F{-

N (p) =7, (p)+ £ N (P)+ FU],

entrepreneur’s time preference. If the project suacess and produces

N(p) will be repeated. If the project fails and collalec is seized

will receive a waiting valueU from next period onwards.

project this period

equation:

p 2)

where Equation (1) has been used af& <1 is a discount factor reflecting the

a profit [6f(p) - r]

(with probabilityp) this period, it will continue to the next periathd the process generating

by the bank (with

probabilityp®) this period, the entrepreneur will wait at lease period for another project and
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Rearranging Equation (2) yields:

n(@:”’e@#’ﬁ“. 3)

As derived in Appendix (I), and depicted in Figdre(p) decreases ip at an increasing rate
since M'(p)<0 and N"(p)<0. This suggests that the firm will accept a riskiesject given

the credit terms

U denotes the value of waiting for the entrepreneun @ncounters no project this period
or rejects the currently available project and wéir a better future opportunity. She receives
the reservation payofu, in each waiting period, and projects are assunocedrtive with
probability a . If a type p project arrives (with probabilitya ) in the next period, the
entrepreneur decides whether to undertake it aneive the new valug/(p). If no project

arrives (with probabilityr® =1—-a), she continues to wait and receives from then on.

Thus U is given by a recursive equation:

U :uo+B[0(EV(p)+0(°U], (4)
or U = % T aBEV(p)
1-a°p

where the expectatiof is taken with respect t68 which captures the project uncertainty faced

by the firm. U is constant irp as shown in Figure 4 after averaging out the remuss of p.
Substituting Equations (4) and (3) into the firméue functionv(p) yields Bellman's

functional equation:

_ | m(p)+ B Py-am (P ]+ 5| FaEMp)| u,+aBEV(p)
V(p)‘max{ (1-Bp)(1-a°p) ' 1-a%B p } ®)
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which is used to derive the firm’s reservation pobjtype p (<1). The investment policy rule is:
accept any project of tygewithout delay if p < p; reject any project of typpif p>p and
wait for better opportunities. This optimal projesetiection strategy is depicted in Figurendth
MN(p) >U (or NPV =MN-U >0) for p<p, and M(p) <U for p>p. We label this
reservation policy the dynamic NPV rule for investihchoice: the firm accepts a project if its

present valuel/, is greater than the reservation vallief waiting.

Figure 4: Optimal Choice between Investing Now orWaing for Future Opportunities
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Equation (5) models the firm’s investment decisiona dynamic framework, where
future opportunities are taken into account in mgka decisions at the begining of perifd

The optimality condition for this model is derivedAppendix (Il) and is:

R-y-c¢

r_

0, (6)

pG d
B

(1 ﬂp
which defines the reservation project typg<1) as a function of € r; ) among other things

(.e.,Ro— W, a, f).
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A type p project is acceptable to firmx at the loan contractc( r) only if p& [ p, b]

wherep = f:)(c; r;,u), so that p matters for firm riskiness. Ifp increases, the project

acceptance rangEE, b] becomes wider and firm investment becomes moreenmtusince
projects that were rejected before now become &alskp Conversely, the firm’s project choice
gets riskier if p falls. Without loss of generosity, henceforth wermalize u, as 0 for
simplicity.

2.3 Comments on the Optimality Condition

Equation (6) can be rewritten as:

Rt h, ™)
r—c
p
wherep = p+ p, and p; saﬁ(l—ﬁb)j(f(;)d)gw. Note thatp (<1, by definition) is the
-pp
P

threshold probability in period O under the dynamRV rule; it denotes the success probability
of the marginal project. In additiop, [< 1, see Equation (A7)] is the total future probapitf
project success across perioi®2,3[[[ (allowing for the risk of project failure ifuture
periods).

The probabilityp, , simplified in Appendix (lIl), is:
B, =aG[1-(1-BP) 4, |=a(1-9) G, (8)
where G = G(P) =Pr(p< P) with « omitted. th, = Epsb(l—,é’p)_1 is the "discounted" mean

duration of successfully operating an acceptedeptajver periodsl,2,3[([ > oY = (1‘5@)HTd]

®(Bp)is regarded as the "discounted" probability of gsscin running projeg since discounting the return value
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is the “discounted” failure rate of the projecteafits successful operation faf, periods. Then
(1— 611) is the duration-adjusted probability of the projeperating successfully in future
periods 1,2,3[[[ . Note thataG is the joint probability that the project is awdile and
acceptable. Hencep, :aé(l— QL) is the total future probability that a projectadsailable
acceptableand successful (until failure occurs after survieal p, periods).

A variant of Equation (8) derived in Appendix (1§ helpful for interpreting p; .

P :ﬁaéEpsg)Kl_—lﬂpj(b— IO)}, (9)

which indicates thatp, is the product of discount rat@, project arrival ratea, project
acceptability rateG, project survival rate(1- ,[:’p)_l, and project preferability rat¢p— p).
For a giverp, a lower typep project or a Iarger(f)— p) is preferred by the firm. Thug, is
the “discounted” probability that a project is dahle, acceptable, preferable, and sustainable.
Given p and Pr as the current and future probabilities of progmetcess, respectively,
P, = P+ P; is the sum of project success probabilities dbrperiods, and can be less than,

equal to,or greater than one. That is, the possibility thattacepted project continues into the

infinite future allows the sum of its per-perioccsass probabilities to be equal to or greater than

R,[= pR ] is equivalent in effect to discounting the succpssbability p; i.e.,BR, =(Bp) R p . Intuitively, a

successfully run future project is less valuabléenms ofpresent valughan a successfully run current project of the
same typep (with the nominally equal return®k( p) in both periods). AlsoBpis the parameter of the random

variable Ty ={1,2,3,...}which indicates that the project will fail in pedioT; after its successful operation in the
first (Ty —1) periods. This random variable follows a geometigtribution:Pr(Ty =t)= Bp) ™t @-Bp)and has the
expected valueE(Ty) :Z:1t(8 p)t_1 (1-Bp =1/(@1-B p). Note that=(Ty)is conditional on the acceptability of

project typep. Thenpy = E .z[E(Tg)] is the average duration of an accepted projectsessful operation.

p<p

16



unity.® This sum will become even greater with a biggemde ofreincarnationwherein a new
acceptable project arrives to replace the old pt@é#er it has failed.

Equation (7) can be changed to the standard marmgpnaition (MR = MC) as follows:
R, = D+ iy (10)
where Pn=1-P,. In Equation (10), the marginal return on investim®R =R, is the
expected return from a proje®, = E(R). The marginal cost of investmenMC = rp_+ cfx,, is

the expected cost of borrowing and consist debaye@nts in case of success and collateral
losses in case of failure. Therefore, the threlsnidcess probablitip of the marginal project
used in period O to decide whether to accept a pypeoject is determined by the marginal

condition in Equation (10), whergd,, is a function of p as in the definition in Equation (7).

3 Comparative Static Analysis

We now conduct comparative static analyses to samtymal changes in the firm’s dynamic
project choices with respect to credit contracintgrfuture investment opportunities, and firm

risk type.

3.1 Credit Terms

We first examine the impacts of the loan natnd of collaterat on the firm’s optimal rulg for
project selection. Differentiating the reservatfmoject type p in Equation (6) with respect to

r andc yields:

® To see this, it suffices to look at a simplifiednmerical example where an accepted project can benced for
multiple periods but with an equal amiblependenthance p (< 1) to fail in each period. Using a decision-tree

technique yields the surmp, of probabilities that the project happens to ba successfully in all periods:
Py = p+ PP+ pP+...= p/ . Thus p,=3/7<1 for a low p=0.3 but p,=1.5>1 for a high p=0.6. On

average, however, the survival duration of a fypeoject is only 1/ p© periods (not forever).
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op_ R,-cC

= <0

or (r —c)Y
b _ R-r [<0ifr=aR, (13)
oc (r-c)Y [>0, if r<R,

0p__ 1 | aBd (R-N(R-9_2R-(r+q|_,
oroc  (r-c)Y|1-pp v2 r-c

where g=g(p),Y=(r —c)(1+a[3qué)>0, 2R, > r + c, andr > c. These results imply the

following proposition:

Proposition 2:

A. A higher loan rate induces the firm to make a Bsknvestment decision by decreasing its
reservation project types (i.@p/ dr < 0).

B. More collateral causes the firm to select riskieojpct (i.e.0p/0c<0) if the loan rate is
higher than the project returnr(> R,), but makes it more prudent (i.€p,/0c>0) if the
loan rate is lower than that returmr € R,).

C. The incentive effect of the loan rate becomes gaorwith more collateral (i.e.,

d

9P| 0), as depicted ifFigure 5’
ac|or

Proof: See Appendix (1V).
Proposition 2 shows that while a higher loan r&eags creates a moral hazard problem
(part A), the impact of collateral on borrower risk-takingcentives is dichotomous in that

increasing collateral has a positive incentive affethe loan rate is low, and a negative efféct i

" The operator of absolute value used here and bildigates only the magnitude of derivatives, whismot
inconsistent with the fact thgt( is not differentiable at = 0. However, |¥ is differentiable atOx# 0.

18



the loan rate is too high (pd@). The reasons for this dichotomy are discussetl nex

At low loan rates € R,), firms try to make best use of low borrowing soahd high
potential profits by selecting safe projects andidwg investment failures that might engender
collateral losses. Given that there is a sufficeuntplus for the firm if it is successful, it has n
incentive to increase its risk taking. More coltatancreases the cost of default and induces the
firm to make more prudent investments. At high loates ¢ R,), it is difficult to profit from a
safe project with a low return and the firm willadse a sufficiently risky project to offset its
high debt cost. Since the likelihood of defaulhigh in this case, the firm takes advantage of
limited liability. Increasing collateral provisiorexacerbates the already high cost of debt and
induces more risk taking.

The interaction between the two credit terms ishstltat greater collateral generates
investment decisions that are more sensitive terast rate changes. While a fall (rise) in the
loan rate induces firms to undertake safer (rigkpeojects, this effect is strengthened by a mse i
collateral (partC in Proposition 2). On the one hand, the negati¥ece of more collateral
aggravates the negative effect of a higher loanwditen the latter is already highXR,); this is
depicted in Figure 5 where for a riserifshown by arrow a) and a risedr(in the form ofc, >

1)), arrow 1 is worse undeg than is arrow 2 undex, as measured by drops ip (i.e., higher
risk). On the other hand, the positive effect ofrencollateral reinforces the positive effect of a
lower loan rate when the latter is already low (R,); this is illustrated in Figure 5 where for a
decline inr (shown by arrowb) arrow 3 is better witle, than is arrow 4 witlt;, as measured by
increases inp (i.e., lower risk).

The above results indicate that collateral afféicts investment incentives both directly

and indirectly. The direct dirst-order effect is measured by the second expression i@tioqu
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(13) and is shown by the vertical gap betweenwwtedurves (with separatecations) in Figure
5. When the loan rate is greter thg imposing lower collateral has a positive inceatand
reduces the moral hazard problem. When the loan isatower tharR,, tightening collateral
requirements induces firms to make safer investsnandl reinforces the positive incentive effect

of the lower loan rate.

Figure 5: The Effects of the Loan Rate and Collatal on Investment Choice

2

ﬂc‘rrﬂ

2—1— s g . S
¥ :‘_I—_ :::: N ity - . €= &
[ | [
L i | b
| [ [
: L B | o | L ¥
- = —
e He) we) X #c, ) He,)

The indirect orsecond-ordereffect of collateral arises through its interagtiowith the
loan rate. This is captured by the third expressiorEquation (13) and is reflected in the
differing slopesof the two curves in Figure 5. A higher loan réteR,) becomes less harmful if
collateral is lower, as implied by arrow 2 whiclsisorter than arrow 1 in Figure 5. A lower loan
rate & R,) becomes more beneficial for loan repayment ifatetal is greater, as suggested by
arrow 3 which is larger than arrow 4 in Figure HisTimplies that it is desirable for banks to
reduce collateral during booms and to raise itrduglumps, as the loan rate changes over the
business cycle. Our theoretical predictions petitagnto direct and indirect effects offers a

potential explanation for the observed cyclicakgais of credit terms in bank lending across the
20



business cycle: high loan rates are associated lathcollateral in upturns and the reverse

occurs in downturns.

3.2  Firm Quality
The effect of firm type on project selection argliiiteraction with credit terms are presented in

the following:

M __r-c o\ f9G(ply)  dp
ou” Y{”ﬁ b0 (1-ﬁp)2}>0

0%p _ R,-c aY
opor (r —c)Y2 ou

0 (14)

°p __ R-r aY [20, if r=R,
ouoc (r—(:)Y2 o |<0, if r<R)’

where gl>0 since ‘;ﬁ<o. These results are summarized as follows.
u u

Proposition 3:
A. Lower-quality firms (i.e., highew®) undertake riskier projects (i.@p/ou° <0).
B. Decreasing (increasing) loan rates lead firms tooabe safer (riskier) projects (i.e.,

0p/dr <0), and this effect is stronger for lower-qualitgnfis (i.e.,ic %

>0).
oL |or

C. When loan rates are highr ¢ R,), increasing collateral force lower-quality firms take

higher risk (i.e.; 9_|9p >0 with %<O). When loan rates are low &R,),
ou‘ |oc oc
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decreasing collateral causes lower-quality firms llecome riskier in their investment
(i.e.,aiﬂc‘;—im with g—§>0).8
Proof: See Appendix (V).

Proposition 3 asserts that lower-quality firms ha@onger incentives for risk taking
(partA), and that their investment decisions are morpaesive to changes in the loan rate and
collateral (part88 andC). Specifically, a rise in the loan rate inducdsfiains to take on more
risk, with lower-quality firms taking on far moresk. Firm quality also affects the incentive
effect of collateral which also depends on therggerate. When the rate is highR,), stricter
collateral requirements induce greater risk takiyglow-quality firms than their high-quality
counterparts. When loan rate is low K,), the imposition of lower collateral increases
risk-taking incentives of low quality firms moreath of their high-quality counterparts. We

found before that collateral has dichotomous effect risk taking, and we now show that such

effects are stronger for lower-quality firms.
3.3 Investment Opportunities

Future investment opportunities are indicated ey fhoject arrival ratee and expected project

returnR,. These indicators vary over the business cycld,thair impact on project selection is

as follows:
op r-c Ay A
—=-——(1-¢§,)G<0 15
Joa Y( 0“) (15)
£:1>0
R, Y

8 The interaction of firm risk typg® with bank credit termsc( r) = L can be compactly written in a unified forn%‘% >0.
ou
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d'p>2(_c +bj%>o if d_R3>d_a>0
a R, «a

d’p<E£L+ bj%<o if d_R3<d_a<0 or @>M
Y a R, «a R a

where dp is the total differential ofp caused by changes in bd®& anda.® The results in

Equation (15) imply the following proposition.

Proposition 4:

A. Firms select riskier (safer) projects when futurejpct availability is greater (lower), i.e., a
largera causes a lowep .

B. Firms select safer (riskier) projects when the &tpé return on investment is higher (lower),
i.e., a larger R leads to a highep.

C. Firms become more prudent in their investment, (idp>0) if the increass in expected
return dominate the increase in the project arrivate(i.e., dB/R, > da/a > 0), whereas

firms become riskier (i.e.dp<0) if the decline in expected return is larger titae decline
of the of project arrival rate(i.e|dR, |/ R, > | da| / a).

Proof: SeeAppendix (VI).

Proposition 4 illustrates the impact of future istraent opportunities on firm investment
choices. Greater project availability increase®stinent options and makes firms more selective
about project type (paw). With a higher project arrival rate, a firm cheesa riskier project
since it is easier to find another one if a projeals. Higher expected returns on investment

generate larger profit margins and reduce riskagkpartB). A firm that is more optimistic

° dz/zdenotes a (positive or negative) percentage chianaey variablez.
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about investment returns selects safer projects alhdelse equal, stays in business longer

because it avoids risky projects that are mordylitefail.

The above results show that the two investmentdppity indicators,a andR,, have
opposing effects on investment. Their net impagiedels on which factor is dominant in a
particular situation (par€). At the early stage of an economic boom, witingsproject arrival
rates and investment returns, the net effect an fisk taking is ambiguous. As the economy
approaches the peak of the boom, project arrivalmay be sustained while investment returns
decline as diminishing marginal returns sets immBithen have strong incentives to invest in
riskier projects and credit risk accumulates befibre termination of the boom. Therefore, a
higher interest rate and a lower investment rehath serve to reinforce moral hazard problems,
resulting in loan defaults as the economy plungesa recession.

3.4 Relationship Duration

Firm operates a successful project over multipieops and we now examine the duration of a

successful project. If the firm waif6 periods before encountering (with probability) an
acceptable project (with probabilitgé), the random variabl€ follows a geometric distribution
with parameteraG and mean y, = E(T) =1/(aG). Similarly, the random duratioi’ of

successful operation of an accepted project hasannof . =E(T') =1/ p¥; as the project

may fail with an average risikp°(=1- p) after T'periods of operation, whered :Epspsb( p)

= p(c, r|,u). p is the average success probability of a projecepiable to the firm type, or

its average repayment rate under the loan confa@ct). One can show thap is related

positively to p with p<p<min(p,u). Note that . is the mean duration of the credit
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relationship before default. It is easy to see:that

Opt Oply 0Ly
Mo _Fr_so, I < g 16
J(IR,) A R,) oa (16)

These results generate the following proposition.
Proposition 5:

A. A higher-quality firm (with largey) has a shorter waiting duration (smallgy) for an

acceptable project, but it has a longer duratiomrderi ) of a successful credit
relationship with its financing bank.

B. Higher expected project returns (higheg)Rshorten waiting duration (smaller. ), but

extend the duration of the credit relationship gar U ) because of lower risks assumed

by investing firms.

C. Higher project arrival rates (larger) make firms select projects with greater risk and
shorten the duration (small@g ) of the credit relationship.
Proof: SeeAppendix (VII).

Proposition 5 pertains to the impact of firm typed of investment opportunities, on the
length of waiting time for an acceptable projectd ahe maintainance of a successful credit
relationship. A lower-quality firm will choose askier project and have to wait longer for an
acceptable investment opportunity, but may maingashorter-term credit relationship with its
financier since its project is riskier with greatdrance of failure (pa®). A lower prospect of
earnings growth prolongs the waiting time for anegtable project, but shortens the duration of
the credit relationship because of a greater chahggoject failure (parB). A higher project
arrival rate makes the firm more selective in tgeistments, and its relationships with the bank

is of shorter duration because of a higher likedth@f default (parC). These results highlight
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the sensitivity of the duration of the bank-firmlatenship to economic conditions. In an
economic downturn, for example, earnings growtHides andR, become smaller. Firms turn to
riskier investments to maintain their profitabiléynd their relationships with banks become less

stable and of shorter duration. This is more prowed for lower-quality firms?
4 Empirical Implications

Our theoretical analysis of the firm’s dynamic gaijchoices given credit contract terms, future
investment opportunities, and firm risk type yietdveral new empirical implications. First, the
relationship between loan rate and collateral islinear in that loan rates are positively
(negatively) related to collateral when the loateris below (above) the expected investment
return. This is because increasing (decreasinglatechl mitigates risk taking incentives
engendered by increasing loan rates when the ktang below (above) the expected investment
return. Our results are consistent with observex tseries pattern showing that low collateral is
associated with high loan rates in economic expassiwhereas high collateral is associated
with low loan rates in recessions. However, thessrgectional firm-level evidence on the
relationship between the loan rate and collateratixed. For example, Berger and Udell (1990)
find a positive relation between the use of cofidtand debt yields, while Knox (2005) shows
that collateral is negatively related to firm bawng costs. Our results suggest that collateral has
dichotomous effects depending on the level of tam Irate. This nonlinear relationship between
the loan rate and collateral provides a potentegonciliation of the seemingly conflicting

empirical evidence.

2n
ajcapao =%‘;7\:>0, the reservation project typep of lower-quality firms are more sensitive to chasge
the expected project retumR, In bad times withR, falling and all firms getting riskier in their iegtments,
lower-quality firms become even riskier and henaveh much shorter credit relationships as confirnbgd
Ol
ou°

10 Since

<0
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Second, our theory suggests that macroeconomicitcorg] indicated by project arrival
rates and expected investment returns, affecttaking incentives of bank-financed firms. A
related study by Coles et al (2006) finds that §invith greater market-to-book ratios have lower
default risk. To the extent that the market-to-baako reflects both project arrival rates and
expected investment returns, their findings sugtiegtmacroeconomic conditions and firm risk
are negatively correlated. Our theory predicts fraject arrival rates and expected investment
returns have opposite effects on firm risk takirigwould be interesting to disentangle their
effects on firm risk taking to provide further ights on the impact of macro-economic
conditions in bank-financing firms.

Our theory also predicts that higher project atrrades and lower expected investment
returns increase risk-taking and shorten the dumadf a successful credit relationship between
the firm and the bank and, also, that lower-qudiitms choose riskier investments and have
shorter-term credit relationships with their lerslerSeveral studies have explored the
determinants of relationship-duration in bank lexgdiFor example, Ongena and Smith (2001a)
find that longer duration implies a higher the bttty of termination so that to the extent that
longer duration is associated with a greater Iliia@did of an economic downturn, their finding is
consistent with our theory. Farinha and Santos 2p@@d that small and young firms maintain
the shortest relationships; since such firms tyjyideave lower credit ratings and higher default
probabilities, their finding suggests, consistenthvwour theory, that lower quality firms have

shorter relationship duration with lenders.
5 Conclusion
We presented a dynamic model of the interactiowéen bank lending, firm investment, and

macroeconomic conditions. We showed that, althdugher loan rates increase firm incentives
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for risk taking, collateral has dichotomous effeatsinvestment behavior depending on the loan
rate: increased collateral induces firms to takename (less) risk if the loan rate is higher (lower
than the expected investment return. Moreover,irtbentive effect of the loan rate becomes
stronger with more collateral. Firm quality alscshen important bearing on risk taking; as the
interest rate rises in an economic upturn, firmsosle riskier projects (especially lower-quality
firms). When the interest rate rises above the eegeinvestment return, a higher level of
collateral exacerbates moral hazard problems (edpefor lower-quality firms). If the interest
rate is lower than the expected investment retargher collateral mitigates moral hazard
problems especially for lower-quality firms. Giveredit contract terms, a higher expectation of
project arrivals or lower project expected retuntsease firm risk-taking incentives.

Our model generates theoretical results that ansistent with extant empirical findings
and yield new predictions. To make the model ttdetawe have made some simplifying
assumptions. Several extensions for future reseamebrge. For example, our model did not
allow for firm self-financing and it would be in&sting to investigate the firm’s profit retention
decision. While we considered the interaction betweredit terms and their effects on firm
investment, there was no feedback effect from fimrestment to bank credit terms. A natural
extension would be to analyze the robustness ofresults by endogenizing credit terms in a
general equilibrium framework. These modificatioms,conjunction with the integration of

dynamic firm investment with bank lending, wouleyide a fruitful avenue fdiutureresearch.
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Appendix

(I) Prove the signs of M(p)'s derivatives in Equation (3)
PointA in Figure 4shows M(p) =U as a cutoff condition. Substituting from Equat{@j

to this condition yields:

BU =m(p) =R~ pr- Vo, (A1)
where =+ 3 and p°=1-p . Change Equation (A1) toR -c-BU =p(r-c).
Multiplying (=) first, then adding(r —c), and finally arranging terms, yields:

r-c-BR,-c-4U)= - H)r-c) (A2)
Differentiating Equation (3) with respect po yields:

,B(Rj—c—,BCU)+ c- 1

n(p)= ;
(p) - 5p)
Combining this with Equation (A2) yields:
(o) = {1 =¢)(1-5D)
Mn'(p)=- — <0, (A3)
(p) - 5v)

2B(r -c)(1-B8p)

3 <0,
(1-8p)

n"(p)=-

sincec<r, f<1,and p<1.
(I) Derive the optimality condition in Equation (6)

Change the second expression in Equation (4) to:
|6~ -u,lias) = EV(p). (A4)

Calculate the expected value Wf(p) = max{(p),U} in the following manner:
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EV(p) ( p dg p+ q d@ p using Figure 4 & definition of V (p)

11
(ke '—.1:

[n(p) UJdG(p  since+] }G (5 1

G(PMN(pdp using] (b U G(p ¥ O,and integration by parts

(ko] '—.U (-] '—‘13

=U +(1- Bp)(r— c)j (1(2) )p subsituting from (A3) (A5)

Putting (A4) and (A5) together and rearranging teymelds:

LU =u, +aﬂl ﬁﬁ)r— fG (A6)

Since U >u, from Equation (A6), B°U =m(p) in Equation (Al), and
7. (p) <0, we know: 7z(p) 2 (p) =BY >u, or m(p)>u, for Op<p; otherwise no
firm is willing to invest and they will wait to oin u,. In particular, if p =1/20[p, p], then

we know from 77(1/2) >u, that 2(R -u,) >r+c which is useful in Equation (13).
Combining Equation (Al) with Equation (A6) to elimaite U yields the optimality condition
Equation (6) in the paper.
(1) Analyze the property of p, in Equation (6)

By omiting 4, using G(E) =0, and integrating by partsp, in Equation (6) can be

written as:
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- aé{l‘ (1-@)Epsﬁ(ﬁﬂ

= aé[l— (1- ﬁﬁ)de J >0, (easy teseethat p, <1) (A7)

which appears in the paper as Equation (8), in m&(’m—ﬁﬁ),qu =G, is the "discounted”

probability of project failure adjusted for the pct's mean duration.

Equation (8) can be written in a different way akofws:

by = aGlL- (L= BD)E oL+ Ao+ (Bo) + (o)’ +
- a6 1-E., 3 (50} 1)
- a6 pb- 5., 300 (-4}
N )

The last expression appears in the paper as Equ@)pin which project sustainabil(t}_lng

and project preferabilit@ﬁ— p) move in the opposite directions for the same chaimg p
since a more preferred project (riskier) is lekslii to be sustained.
(IV) Prove Proposition 2

To perform comparative statics, we need to usdntipdicit function theorem, integration
by parts, and the Leibniz rule:

d ) af(m) _ dk
r ICLES jb d+ f(ab f(bp

Define x, = R, — W as the expected project return in excess of teervation payoffu, is

omitted fromx, in the text, buty, is still kept in the Appendix for completeness. Biéntiating
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p= ﬁ(c,r;u,a, xo) in Equation (6) with respect to the underlying gmaeters and applying
these techniques yields the first-order derivateSquations (13), (14), and (15) in the paper.

Note thatR(p) E[R,, R(_p)] for pE[E,l} sinceR’(p) < 0, whereR, = pR(p)for all p so
thatR, = R(1) settingp =1. Since the successful retuR{p) must exceed the interest cosio
have an incentive to borrow for investment, it mustthatR, > r. It then follows thak, > r - u,.
Sincer > ¢, we have2R, > (2% > 2r - 2, ) >r + C - 2W,. Thus2(R, - W) >r +c or
7o(1/2) > W,

op

Differentiating % or - in Equation (13) with respect ta or r vyields the third

expression of Equation (13) in the paper.
_ op iiﬁ‘ - i
It r>R,-u,, then 2 <0 or ac‘ar >0 under 2(R, -u,) >r+c and givenr
> R, —u, >c. Thus the (absolute value) slope of cupweith respect ta gets larger with higher
c asin Figure 5.

If r<R -u,, itis easier to havéZ(R) —uo) >r+c but the sign of% seems unclear
from the third expression of Equation (13) unBer u, >r >c. We can rely on the continuity
of functionp(c,r) and the monotone property ojy(c) and Fy(C) to diagrammatically work
out the sign of this cross effect as shown in RiguNote thatr €[r ,(c), r.(c)] in Figure 5 is

the range of feasible loan rategiven collaterat (tedious to derive, omitted here; ask us for the
technical note via email if interested).
(V) Prove Proposition 3

The derivation of the first-order derivatives iroposition 3 has been stated in (IV), and the

following is the derivation of cross-derivativeepented in this Proposition.
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Notlcmg — _1+aﬁj' e , differentiating this with respect o, and using the first

expression in Equation (14), one sees:

-1 oY :[Mﬂ}rjae dp

af(r-c)ou | Y v op (1- o)

<0 sincea—G <0.
ou

Then, from g—; >0 and the first two expressions in Equation (13),cma derive the last two

expressions of Equation (14) which meacl%g{" <0 where L=r or c.

(VI) Prove Proposition 4
The method for the derivation of the first two résun this Proposition has been given in
(V).

To prove the third result in Proposition 4, use &dpn (7) to have: i Py pe—

1
r-c

and look at the total differential ofp as follows:

oD
dp=-L dyx +-F o
P % ¥aa
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(VIl) Prove Proposition 5

Taking derivative ofs =1/(aé) andl =1/p° with respect to investment opportunities

and firm types, we have:
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Here, %g:%(ﬁ—p) >0. Under some minor condition, we ha\g%>o. The reason for‘% 'S

ambiguous sign is that greater project availabriguces the waiting time (due to/a >0) but

firms' becoming choosie%?g <0) prolongs it.
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