Debt as a Control Device

4. Debt Financing of the Entrepreneurial Firm
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We study the consequences of incomplete contracts on debt financing decisions of the entrepreneurial firm
Remember that asymmetric information, along with the inability to commit, leaves financial contracts incomplete

Incomplete contracts give rise to opportunistic behavior, which, when anticipated, causes underinvestment.

Model assumptions

There is an entrepreneur, E, who own intangible asset, a “project blueprint”
Let us assume that this asset is incorporated in E’s human capital as a bundle of “inventive” and managerial skills

E’s inventive and managerial skills are complementary assets
Assets are complementary when they are worth more combined than they are in isolation

In order for E to be able to employ her inventive skills, she must be in control of the day-to-day operations, which is why we call the firm “entrepreneurial.”
With E in control, the project has positive NPV

An (exogenous) amount, 
[image: image1.wmf]K

, needs to be spent on operating assets to get the project started
In financing the project, E faces a wealth constraint

E’s initial wealth, 
[image: image2.wmf]w

, falls short of the needed investment, 
[image: image3.wmf]K

.

There is an (outside) investor (e.g., a bank), labeled C (“capitalist”)

There is no time preference and, hence, there is no discounting of future cash flows.

The project payoffs are not verifiable
The entrepreneur is able to hide the payoffs (e.g., consume them in the firm as perks, or divert them into private assets).

All the bargaining power is with E
In equilibrium, C breaks even.

4.1
The Two-Period Model
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zero liquidation value

The project has positive NPV: 
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Assumptions concerning the value of the operating assets:
The project can be (fully or partially) liquidated at 
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, i.e., it is never optimal to (partially or fully) liquidate

At 
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, the going concern value exceeds the liquidation value.
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, i.e., the operating assets do not gain in value from 
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The liquidation value of the operating assets at 
[image: image23.wmf]t

2

 is zero.

E’s wealth constraint is binding: 
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, which implies that E has to borrow (from C) to get the project started.

Characteristics of a standard debt contract
E receives an amount 
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 from C and agrees to pay C a fixed amount 
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If E does not repay in full, C obtains the right to liquidate the project and keep all the receipts

As long as the agreed-upon repayment does not exceed the liquidation value of the operating assets, E will partially liquidate the project himself and pay off C (instead of leaving the project to C as a whole).

What date will C demand E to make the payment 
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?

C will demand that E repays in full at 
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, because E cannot commit to a payment at 
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E can hide the project’s 
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‑payoff, 
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The liquidation value of the operating assets at 
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 equals zero.

What will happen (at 
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) if E cannot make the agreed-upon repayment, 
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For 
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, i.e., E owes more than the going concern value, E will leave the project to C
C will recover the liquidation value 
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, because–by assumption–if E is not in control, 
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For 
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, i.e., E does not owe more than the project’s worth, E will pay off C by liquidating the minimum fraction of the project

E will liquidate as little as possible because 
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E will liquidate the fraction 
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 that fulfills the following condition for E’s actual payment, 
[image: image43.wmf]p

:


[image: image44.wmf]p

B

K

w

y

f

L

=

-

-

+

+

-

×

(

)

(1

)

1

,
where

[image: image45.wmf]B

K

w

-

-

(

)

 equals E’s cash at 
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 are the receipts from the asset sale.

The debt capacity of the firm
The actual payment that E will make equals 
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This is because (under the assumption that all the bargaining power is with E) for 
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, the entrepreneur renegotiates the debt contract at 
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E’s inability to commit to a repayment, 
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, greater than the liquidation value, 
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, imposes the following debt capacity constraint on the firm:
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Note that 
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 is the minimum amount that E has to borrow to get the project started (E’s wealth constraint).

To get the project going, two conditions need to be fulfilled

(1) Debt capacity constraint (
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) (C’s participation constraint)

The liquidation value, 
[image: image59.wmf]L

, must be sufficiently high

E’s wealth, 
[image: image60.wmf]w

, must be sufficiently high.

(2) E’s participation constraint
E will participate in the project if and only if (in spite of possible liquidation) her cash balance at 
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 (the end of the project’s life span) exceeds her initial wealth:
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 is E’s cash balance after the repayment, 
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 is the project’s 
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‑payoff (after partial liquidation).

After simplifying, E’s participation constraint reads:
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(Note that, without liquidation, the NPV decision criterion, 
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, is identical to E’s participation constraint.)

Two numerical examples that illustrate possible inefficiencies in financing this project

(1) Ex-post inefficiency
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The project has positive NPV (
[image: image73.wmf]y

y

K

1

2

150

90

+

=

>

=

), i.e., the efficient outcome is to launch the project

The going concern value at 
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, exceeds the liquidation value, 
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, i.e., the efficient outcome is “no liquidation”
Without loss of generality, we can set the amount borrowed, 
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, to the minimum amount of outside financing needed to get the project under way, 
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Consequently, 
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Given these numbers, E will finance 50 from the first-period cash flow, 
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, and 10 by means of assets liquidation

E will liquidate the fraction 
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 of the operating assets.

In summary, the first-best outcome will not materialize
The reason for the (inefficient) liquidation is that E cannot commit to pay out 10 from the project payoff at 
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, 
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(2) Ex-ante inefficiency
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Again, the project has positive NPV (
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), i.e., the efficient outcome is to launch the project

E needs 
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 to purchase the operating assets, but C will not lend more than 
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The project will not get started.

In summary, the first-best outcome will not materialize
The reason for the inefficient outcome is that E cannot commit to pay out 60 from the project payoffs 
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 and 
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4.2 The Multi-Period Model
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We assume about the liquidation values: 
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We assume that the project has positive NPV:
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The efficient outcome is to get the project started.

We also assume that at any time 
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 the project’s going concern value exceeds the liquidation value:
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The efficient, first-best outcome implies “no liquidation.”
E’s loan repayment path equals 
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C will not agree on a repayment plan that stipulates 
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We maintain the assumption that all the bargaining power is with E, i.e., C will break even:
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(C’s break-even constraint)
C will agree only to repayment plans where E’s remaining debt obligations do not exceed the liquidation value (“no liquidation” constraint):
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If E is unable to pay, C will liquidate.

A necessary condition for the “no liquidation” outcome is that E has been able to meet her debt obligations at any time 
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(debt redemption constraint)
where 
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To get the project started, E has to borrow at least 
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(E’s wealth constraint)
E’s wealth constraint follows from the above debt redemption constraint for 
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After inserting C’s break-even constraint into the above condition and rearranging terms, we obtain
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Summarizing terms on the left-hand side results into
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Inserting the “no liquidation” constraint leads to

[image: image123.wmf]L

K

w

y

t

T

t

t

³

-

-

=

-

=

å

(

)

   for all

 

0,

.

.

.

,

1

1

t

t



[image: image124.wmf]Û

+

³

-

-

=

å

  

Min

(

)   

   (

)

=

0,

.

.

.

,

1

1

t

T

t

t

L

y

K

w

t

t


firm’s debt capacity
(
minimum loan needed to start the project

The firm’s debt capacity is a minimum value over the project’s lifetime (periods 
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The necessary and sufficient condition for a first-best, efficient, “no liquidation” outcome is that the debt capacity constraint is not binding.

There is a continuum of debt repayment paths:
Quickest repayment path
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Slowest repayment path
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Repayment path follows the depreciation path of the operating assets.

Longevity of operating assets, front-loaded payoffs, and debt capacity

We define:

Longevity of an asset

The operating assets of a project A are longer-lived than the operating assets of a project B if, for a given initial investment (
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Front-loaded payoffs

The payoffs of a project A are more front-loaded than the payoffs of a project B if, for a given total payoff (
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Proposition 1

The longer-lived the operating assets of a project are…
(a) …the more likely the project will be undertaken

(b) …the slower is the slowest repayment path.

Proof:

(a) The debt capacity constraint (sufficient and necessary for a first-best, “no liquidation” outcome) reads (see above):
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If the operating assets are longer-lived, 
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 does not enter the debt capacity constraint.)  Thus, the debt capacity is less likely to be binding.

(b)
The slowest repayment path follows the depreciation path of the operating assets.  Because the operating assets depreciate slower, debt is repaid less rapidly.

· Proposition 2

The more front-loaded the project payoffs are…
(a) …the more likely the project will be undertaken

(b) …the quicker is the quickest repayment path.

Proof:

(a) The debt capacity constraint (sufficient and necessary for a first-best, “no liquidation” outcome) reads (see above):
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If the payoffs are more front-loaded, 
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(b) The debt repayment path follows the path of the project payoffs.  A higher 
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4.3
The Two-Period Model under Uncertainty

With the following modifications made, we maintain the assumptions introduced in the two-period model under certainty:

Uncertainty: The projects payoffs 
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Both parties, E and C, have the same expectations about 
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Both parties are risk-neutral.

Again, we assume project payoffs not to be verifiable.
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The efficient outcome is to launch the project.

The project’s going concern value exceeds the liquidation value at 
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The efficient, first-best outcome implies “no liquidation.”
As in the case of certainty…
…the actual debt repayment (at 
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…C breaks even ex ante (i.e., in expected value terms):
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E’s participation constraint

E will participate if (and only if) E’s expected wealth at the end of the project’s life span (at 
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) exceeds her initial wealth:
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The condition is identical to the one under certainty, except for the expected value operator, 
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Under certainty, any amount 
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 that E is able to borrow, is optimal

There is no reason for E to borrow more than the minimum needed to start the project, 
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If the debt capacity constraint is not binding at 
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Under uncertainty, it is no longer the case that any amount 
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 that E is able to borrow, is optimal

We look at two numerical examples

Example 1: 
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There are two possible states of nature, each materializing with probability 
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The project has positive NPV:
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Assume the following contract: 
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State 1: 
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State 2: 
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E renegotiates the contract

C breaks even (ex ante): 
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The first-best outcome materializes (the project gets started and there is no liquidation)

Assume an alternative contract: 
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State 1: 
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E renegotiates the contract

C breaks even (ex ante) for 
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The first-best outcome might not materialize (ex‑post inefficiency), because, in state 1, there will be partial liquidation:

E’s cash balance at 
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Example 2: 
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Again, there are two possible states of nature, each materializing with probability 
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The project has positive NPV:
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Assume the following contract: 
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State 1: E has no cash, partially liquidates: 
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State 2: E has no cash, fully liquidates: 
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E’s expected payoff:
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E’s participation constraint is violated.

We can show that if E borrows a sufficient amount (more than she needs to purchase the operating assets) she can fulfill her participation constraint (and, thus, will pursue the project)

Assume the following contract: 
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State 1: 
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E renegotiates if 
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Thus, the expected value of what E will pay at max, equals:
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Consequently, 
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Under the break‑even condition, C will loan the following amount:
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Consequently, 
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Which loan amount 
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State 1

E’s cash holdings at 
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State 2

E renegotiates: 
[image: image228.wmf]p

L

=

=

10


E’s cash holdings at 
[image: image229.wmf]t

1

:


[image: image230.wmf]B

K

w

B

-

-

=

-

(

)

10

,
where 
[image: image231.wmf]B

-

<

10

10

, because of 
[image: image232.wmf]B

£

15


Consequently, E has to liquidate (partially):
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In summary, E’s expected 
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Thus, E’s optimization problem reads
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E’s participation constraint:
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E’s participation constraint is met.

4.4
Multiple Investors

So far we assumed that the entrepreneur can renegotiate the debt contract

Renegotiation implies a low number of investors (debt holders)

With many investors (“multiple investors”), renegotiation is costly, possibly prohibitively costly

In modeling lingo, we speak of “multiple investors” when the number of investors (debt holders) is sufficiently high to deprive the entrepreneur of the incentive to renege on the agreed-upon repayment.

Reasons for the emergence of multiple investors

Investors may face wealth constraints

Investors may prefer to diversify instead of holding a big fraction of wealth in a single firm

Investors may deliberately choose a dispersed debt ownership structure to forestall strategic behavior (reneging) by the entrepreneur.

In a stylized way, one can think of bank debt as renegotiable and corporate bonds as non-renegotiable

Typically, a firm’s bonds are dispersed, whereas a firm’s bank debt is concentrated in a few lenders.

Renegotiation and ex-ante inefficiency

Let us assume the following values for the two-period model under certainty analyzed above:
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Now assume that E borrows the minimum amount needed to start the project (
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), and that E and C agree on 
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If renegotiation is possible, E will renege at 
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, offering a payment of 
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C will submit, and E will continue the project

The first-best outcome will materialize
Renegotiation leads to redistribution of wealth (30) from C to E, which itself is no inefficiency.

If C anticipates E’s behavior before lending (and she will do this because this is a model under certainty), C will not finance the project

Not undertaking this (positive‑NPV) project represents an ex‑ante inefficiency.

Assume that renegotiation is not possible

E will pay the agreed-upon amount (
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Multiple investors and free‑riding

Assume that there are 
[image: image251.wmf]N

 investors, each holding a debt claim against E at the amount 
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Assume that, at time 
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Assume that E will make the following announcement:

“If 
[image: image259.wmf]M

, 
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[image: image265.wmf]$

p

N

R

L

N

-

>


The 
[image: image266.wmf]N

M

-

 investors who do not renounce receive the original agreed‑upon amount 
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Each investor knows that if 
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 investors gave up the claim 
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, each investor would be better off.

Each investor also knows that her probability of being pivotal is small—in particular, 
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Assume, for simplicity, an investor’s subjective probability of being pivotal equals zero.  In this case then, it is suboptimal for the investor to renounce:

If the debt renegotiation fails, the investor is worse off having renounced

(If the individual debt renunciations do not take effect without at least 
[image: image271.wmf]M

 investors having renounced, the investor does not suffer a loss if the renegotiation fails.)

If the debt renegotiation succeeds, the investor again is worse off having renounced (as compared with not having renounced).

The impossibility of renegotiating the debt contract might enhance efficiency or impede it, depending on the case

In the above example of the two-period model with certainty and parameter values 
[image: image272.wmf]12

90, 30, 100, 70, 30

KwyyL

=====

, and 
[image: image273.wmf]B

K

w

=

-

=

60

, the possibility that there will be renegotiation causes an ex-ante inefficiency (the project will not be undertaken)

Remember the following example of the two-period model with uncertainty from above:

Example 1: 
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There are two possible states of nature, each materializing with probability 
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State 1: 
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The project has positive NPV:
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Assume the following contract: 
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In this example, E cannot renegotiate the contract in state 2 and, consequently, has to liquidate part of the project at 
[image: image280.wmf]t
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, which is an inefficient outcome
There is a loss to society equal to the difference between the going concern value and the liquidation value, weighted by the fraction of the project that was liquidated:
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Note that C breaks even in spite of renegotiation, which means that, in this example, renegotiation introduces no ex‑ante inefficiency.
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