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How Recovery Process Influences the Design of Debt Contracts 

 
 

Abstract: 

Literature on ex-ante efficiency of bankruptcy procedures investigates how these procedures influence the behavior of 

managers and creditors. We extend this literature by explaining how bankruptcy law can influence the design of debt 

contracts through the recovery process. We develop a model of a lending relationship with moral hazard with an active bank 

taking a decision regarding the continuation or the liquidation of the borrower in case of default. We show the impact of the 

recovery process on the design of debt contracts (loan rate, collateralized percentage of the loan). 

 

Keywords: bankruptcy, collateral, debt contracts. 

 

 

1. Introduction 

 
Bankruptcy law has received considerable attention from academics because of its social 

implications regarding the continuation of firms and of its impact on the financing and investment 

decisions of firms3. Two complementary aspects of the “efficient bankruptcy” have been thoroughly 

investigated. On the one hand, ex-post efficiency of bankruptcy law concerns the maximization of the 

value of the distressed company by considering all the stakeholders, including employees: financial 

distress is considered as given. On the other hand, ex-ante efficiency analyses the effects of the 

bankruptcy law on the incentives of the involved parties (managers, creditors). 

Literature on ex-ante efficiency of bankruptcy procedures investigates how their characteristics 

influence managers’ and creditors’ behavior in the presence of information asymmetries (Aghion and 

Bolton, 1992; Berkovitch and al., 1998; Cornelli and Felli, 1997). However it does not provide an 

explicit explanation of the influence of bankruptcy law on the design of debt contracts. Namely, as 

former papers such as Cornelli and Felli (1997) show the influence of bankruptcy law on creditors’ 

behavior in terms of monitoring firm behavior or granting loans, bankruptcy law may also influence the 

design of debt contracts through the recovery process. Specifically, bankruptcy law influences the 

recovery process with the value of bankruptcy costs and the realized value of received collaterals. 

Consequently, because it is anticipated by all parties, the recovery process should influence the design 

                                                 
3 The interested reader may refer to White (2005) for a recent survey of literature on bankruptcy. 
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of debt contracts as it exerts an impact on the expected values of loan repayment and of collateral 

realization. 

Our paper fills this gap in the extensive literature on bankruptcy. Indeed, it is the first theoretical 

analysis of the effects of the recovery process on the design of debt contracts to our knowledge. We 

present a model in which a firm asks for a loan to a bank, which faces a moral hazard problem. The 

bank exerts an influence at two stages. First, it designs two characteristics of the debt contract, the loan 

rate and the collateralized percentage of the loan. Second, in case of default of the firm, the bank takes 

the decision to undertake a private renegotiation or a formal bankruptcy. 

Our contribution to the literature devoted to the effects of bankruptcy procedures is therefore to 

explicitly model how the recovery process resulting from bankruptcy law can influence the design of 

loan contracts. As mentioned above, it constitutes an improvement to the existing literature on ex-ante 

efficiency of bankruptcy procedures. It must furthermore be stressed that it represents a relevant 

addition to the literature on optimal debt contracts in presence of moral hazard. Indeed, whereas the vast 

majority of this literature considers a passive bank receiving nothing in case of default of the borrower, 

we provide a model with an active bank taking a decision regarding the continuation or the liquidation 

of the borrower. Such a behavior appears therefore closer from reality than a passive behavior of the 

bank. Consequently, while papers on ex-ante efficiency of bankruptcy procedures or on optimal debt 

contracts in presence of moral hazard present partial models, we aim at providing a global model 

considering simultaneously the design of debt contracts and the incentive effects of bankruptcy 

procedures. 

The structure of the paper is as follows. Section 2 presents the general structure of the model. In 

section 3, we solve the model. Finally, we provide some concluding remarks in section 4. 

 

 

2. The general structure of the model 

 

Our objective is to give a rationale to the ex ante effect of the default renegotiation process on the 

design of standard debt contracts between a bank and a firm. We describe in this section the general 

structure of the model and the basic hypotheses. 

The model analyses the decision after the default of a firm for the repayment of a debt contract it 

had signed with a bank. After this default, two possibilities exist: formal bankruptcy or private 

renegotiation. This trade-off between formal bankruptcy and private renegotiation may be anticipated by 
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the debtor and its creditor. Therefore, the renegotiation process exerts some ex ante effects on the design 

of the debt contract at the beginning of the lending relationship when the bank defines an optimal debt 

contract (collateral and interest rate). This impact reduces incentives to moral hazard behavior, taking 

into account the possibility of renegotiation for heterogeneous clients in case of default.  

 

Hypothesis H1: Lending relationship under asymmetric information 

A monopolistic bank4 trades with a firm for the loan amount D. The bank is the sole creditor of the 

firm. The nature decides the type of the firm, which is either (k) or (k’). This type is firm manager’s 

private information. The manager owns 100% of the firm, so that we can indifferently talk of “manager” 

or “shareholder”. He lives for one period only, and, therefore, has to sell the firm at the end of his life, 

whether the firm is in financial distress or not. 

 

Hypothesis H2: The standard debt contract 

The bank defines a debt contract ( ** ;si ), characterized by optimal levels of interest rate (i*) and 

of collateralization (s*). Both of them are expressed in percent (s* is the collateralized percentage of the 

loan). These variables are the decision variables of the bank. It must be underlined that collateralization 

is a rational behavior even in the presence of one sole creditor (the bank). Indeed, collaterals increase 

the expected gains of the bank against rival claimants, including the firm manager. Namely, we consider 

collateralization as a protection for the bank against the firm manager in addition to the common priority 

of creditors on shareholders which prevails if absolute priority order (APO) holds. Indeed, some 

national regulations do not respect APO and allow some priority deviations. 

 

Hypothesis H3: Moral hazard and the risk of default 

We consider the existence of two rival projects which both need the loan amount D for their 

implementation: (j) and (j’). Both projects can lead either to success or failure. Project (j) (respectively 

project (j’)) has greater chances of success if it is undertaken by firm (k) (respectively firm (k’)). 

Consider for instance the project choice of firm (k): the probability of success is defined as follows (and 

symmetrically for the firm (k’))5: 
 

                                                 
4 This model considers a monopolistic bank for simplicity reasons. It has to be stressed that this assumption is in accordance 
with the observed imperfect competition on banking markets (e.g. De Bandt and Davis, 2000). 
5 In a more complete presentation, probability (p) would depend of the interest rate. Indeed, the probability of default 
increases with financial costs. Nevertheless, given the level of debt (D), we assume the absence of influence of financial 
costs on the occurrence of default. 
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( )
( ) ( )

[ )0;1  with 
p1successprob  )(j'project  chooses (k) Firm

psuccessprob  (j)project  chooses (k) Firm

∈γ
⎩
⎨
⎧

⋅γ−=→
=→

     (1) 

As shown in table 1, there are two firm behaviors from the bank’s point of view: either the firm 

chooses the project with the greatest probability of success and also therefore of repayment, which we 

call the adequate choice, or the firm chooses the project with the lowest probability of success and also 

therefore of repayment, which we call the moral hazard situation. The choice of the suboptimal project 

has three consequences: [a] a fall of the probability of success (see expression (1)), [b] a reduction of the 

intrinsic value of the firm as a going concern6 (normalized to zero, else this value is ( kV ) and ( 'kV ), 

depending on the type of the firm), [c] a gain for the manager through private benefits (gains in nature, 

personal interests…). These private benefits are (bk) and (bk’), depending on the type of the firm. 

In case of success, (k) manager earns turnover x and sells the firm because his life ends. The firm 

is sold at its expected value as the firm type remains private information.7 In case of failure, the firm 

defaults, meaning a null turnover. Nevertheless, financial distress does not mean automatic bankruptcy: 

the firm may propose a renegotiation amount (Rj or Rj’, depending on the previous selected project; (j) 

or (j’)) to the bank. This one may then accept or reject this informal proposition. In case of acceptance, 

debt is forgiven, whereas formal bankruptcy is triggered in case the bank refuses the firm’s proposal. 
 

Table 1. Structure of choices 

 Project (j) Project (j’) 

Firm (k) Adequate choice 

→ No private benefit 

→ ( ) psuccessprob =  

→ Intrinsic firm’s value = 

kV  
 

Moral hazard 

→ Private benefits ( kb ) 

→ ( ) ( ) p1successprob ⋅γ−=  

→ 0 valuesfirm' Intrinsic =  

Firm (k’) Moral hazard 

→ Private benefits (bk’) 

→ ( ) ( ) p1successprob ⋅γ−=  

→ 0 valuesfirm' Intrinsic =  

Adequate choice 

→ No private benefit 

→ ( ) psuccessprob =  

→ Intrinsic firm’s value = 'kV  
 

 
                                                 
6 For simplicity reasons, we restrict our model to “sale as a going concern” issues: there is neither liquidation nor 
continuation by the manager. 
7 There is no “lemon” problem because the manager has to sell the firm before he dies. Consequently, the refusal to sell the 
firm is not a sustainable strategy. 



 6

Hypothesis H4: Bayesian revision process 

At the beginning of the lending relationship, the bank has beliefs on the firm type: let’s denote kp  

the a priori probability of being of type (k) before the relationship starts. Afterwards, three successive 

signals are transmitted – voluntarily or not – by the firm to the bank: [a] the chosen project: 

( ) ( )j'j,J Jkppk ∈∀→ ; [b] the issue of the project: ( ) ( ) X  XJkpJkp ∀→ , = x (success) or 0 (failure); 

[c] the renegotiation amount proposed to the bank at default time: ( ) ( )JR0Jkp0Jkp ,,, → , ∀ RJ the 

proposed amount which depends on the chosen project ( )j'j,J ∈ . In other words, the observable chosen 

project, the observed result and the firm’s willingness to renegotiate can be used as signals by the bank 

to revise in a Bayesian way its beliefs on the firm type. 

 

Hypothesis H5: Contingent gains and bankruptcy recovery rules 

If absolute priority order (APO) prevailed under bankruptcy, the full recovered value of the firm V 

would belong to the bank. Consequently, the bank would receive this value minus the payment of 

bankruptcy costs (β*V). Nevertheless, national bankruptcy codes often allow deviations from APO (see 

Blazy and Chopard (2005) for a theoretical justification of such deviations). Therefore, the gain under 

bankruptcy of the bank can be written as follows (we assume a linear function of gains under 

bankruptcy): 

 

Bank Recovery rate under bankruptcy =  
( )
( )[ ] [ ] 1 and  1,0,with 

 Di1
VV)s( 101010 ≤α+α∈αα

⋅+
⋅β−

⋅⋅α+α    (2) 

 

This expression is to be related to H18. V - β·V represents the difference between the firm value 

and the bankruptcy costs, while the contracted repayment of the loan is (1+i) · D. 0α · (V - β·V) 

represents the minimum level of repayment granted to the bank (if there were no deviations from APO, 

it would be equal to one, because the bank’s claim should always prevail on the firm’s one). 1α · (V -

 β·V) represents the additional recovered amounts due to the fact that the claim is (s)% collaterized. The 

higher 1α  is, the more the bankruptcy procedure grants power to secured creditors. In the rest of the 

paper, we define (α0 + α1·s) as the recovery coefficient on collateral. 

All these configurations which characterize the type of national bankruptcy code are summarized 

in table 2. 
 

                                                 
8Condition 110 ≤α+α  is related to the fact that variable (s) is a percentage. When (s) reaches its highest value (1), the 
previous condition must hold, because the bank can not recover a greater amount than the firm value. 
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Table 2. Level of protection of (secured) creditors under bankruptcy code 

 0 1 

0α  Shareholders totally prevail on creditors 

(100% deviations from APO) 

Creditors totally prevail on shareholders 

(fully respected APO) 

1α  Collaterals are not taken into 

account under bankruptcy 

Collaterals fully increase 

 repayment under bankruptcy 

 
Recovery rate is defined as a percentage of the firm’s value, which directly depends on the choice 

made by the firm between the alternative projects. 

 

We now present the firm values depending on the choice of the project, the result of the project, 

and the choice between private renegotiation and formal bankruptcy in case of failure. 

 

Hypothesis H5a: Let’s suppose any firm (k) makes the adequate choice (i.e. chooses project (j)). 

This choice is efficient from a collective point of view because it maximizes the probability of 

success for any firm (j). Nevertheless, such a choice does not involve any private benefit to the manager. 

Under success, the net income and the firm sale value belong to the manager. As the firm type remains 

unknown – not only by the bank, but even by potential buyers – the firm is sold at its expected value 

( )xjVE , : 

Firm sale value if success = ( ) ( ) kVxjkpxjVE ⋅= ,,      (3a) 

Where kV  is the intrinsic value of firm (k) in case the adequate project was chosen, E(.) is the 

expectancy operator. 

 

Under appropriate choice, the failure of the project leads to the following trade-off. The firm 

proposes a renegotiation amount ( jR ) to the bank. In case of acceptance, private renegotiation prevails: 

debt is forgiven whereas the firm is sold at its expected value. In case of refusal, formal bankruptcy is 

triggered: a costly audit procedure then reveals the firm type. The payment of bankruptcy costs9 then 

reveals (k). All agents can then appreciate the adequacy of the project choice decided by the firm, and 

then the firm can be sold at its intrinsic value: 

Firm sale value if default and private renegotiation = ( ) ( ) kjj VR0jkpR0jVE ⋅= ,,,,   (4a) 

                                                 
9 Bankruptcy costs are costs paid first and foremost in comparison to other payments (to the bank or to the manager). They 
consequently reduce the value of the firm. 
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Firm sale value if default and bankruptcy = kV       (5a) 
 
Hypothesis H5b: Let’s suppose any firm (k) makes the inadequate choice (i.e. chooses project (j’)). 

The firm has incentives to make inadequate choices as soon as it involves private benefits for its 

manager. As for hypothesis (H5a), the firm sale value depends on the resolution of default. The sole 

difference comes from the fact that the intrinsic value of the firm equals zero because of the inadequacy 

of the project choice (the intrinsic value is discovered under bankruptcy). So we have for firm (k): 
 
Firm sale value if success = ( ) ( )( ) ',',' kVxjkp1xjVE ⋅−=      (3b) 

Firm sale value if default and private renegotiation = ( ) ( )( ) 'k'j'j VR,0,'jkp1R,0,'jVE ⋅−=  (4b) 
 

Firm sale value if default and bankruptcy = 0       (5b) 
 

Hypothesis H6: Mixed strategies 

We assume that firms adopt mixed strategies, meaning that they compute the optimal probability 

of choosing each project which maximizes their expected profit.  

 

Hypothesis H7: Timing of decisions 

Figure 1 displays the general structure of the model. The decisions of agents are successively 

made through a three time sequence model. At time (t), the bank defines the level of interest rate and of 

collateralization. At time (t+1), the firm chooses the project to undertake. The manager’s life ends at 

time (t+2): all parties observe the success or the failure of the project. In case of success, all payments 

are made and the firm is sold. Otherwise, the firm defaults and a bargaining process begins between the 

bank and the firm regarding the trade-off between private renegotiation and costly formal bankruptcy. 

This trade-off is directly influenced by the gains expected by each party under each rival solution. The 

national specificities of bankruptcy code exert an impact on the resolution of default. Consequently, 

decisions made at times (t) and (t+1) will be changed. 
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Figure 1. The general structure of the model for the firm (k) 
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3. Results 

 

This section is devoted to the resolution of the model using backward induction. Namely, we 

analyze first the bargaining process taking place between the bank and the borrower in case of default at 

time (t+2). We then study the project choice by the firm at time (t+1). Finally, we investigate the design 

of debt contract by the bank at time (t). 

 

3.1 The bargaining process taking place in case of default at time (t+2) 

 

From now on, we shall focus on the case of project (j): the firm – whatever its type – has chosen 

project (j) at time (t+1)10. In case of success, the following fixed gains take place: the manager pays the 

bank ( ) Di1 ⋅+ , recovers the turnover (x), and sells the firm at its expected value, so we have: 

Gain of the firm (success):  ( ) ( ) Di1xxjVE ⋅+−+,     (6) 

Gain of the bank (success):  ( ) Di1 ⋅+       (7) 

 

Contrary to the success event, default is complicated by the possible endeavor of the firm to 

renegotiate its debt contract. The firm may then try to avoid bankruptcy by proposing a renegotiation 

amount ( jR ) to the bank. An agreement is reached when each party earns more under private 

renegotiation than under formal bankruptcy. It has to be reminded that the bank updates its beliefs when 

receiving the signal ( jR ), so that probability ( )0jkp ,  becomes ( )jR0jkp ,, . We describe below 

preferences for private renegotiation just before signal ( jR ) is released. Then, we are able to define 

individual “acceptance thresholds” (AT), based on probability ( )0jkp , . These thresholds are the 

minimum levels of ( jR ) each party wants (respectively accepts) to receive (respectively grant) outside 

bankruptcy. Of course, these thresholds will change as soon as ( jR ) is proposed to the bank. 

 

 First, the bank prefers to renegotiate if the proposed amount ( jR ) exceeds the expected gains if 

bankruptcy is triggered, i.e. the recovered amount on the expected firm value11 net of bankruptcy 

costs. Namely, the bank prefers private renegotiation if:  
 

                                                 
10The case under which the firm chooses project (j’) is symmetric, so we do not provide its description. 
11 Unlike the firm, the bank does not know firm type during the bargaining process. This type remains private information of 
the firm as long as the formal bankruptcy is not triggered. Consequently, the bank assesses the firm according to its expected 
value. 
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( ) ( ) ( )

(j)BankATR

0,jVE1sR
) BankAT(j) ( ld  threshoacceptance  sBank'

10j

≥⇔

⋅β−⋅⋅α+α≥
44444 344444 21

    (8) 

It must be underlined that the bank’s acceptance threshold defined in equation (8), BankAT(j), 

depends on the probability of being of type (k), ( )0jkp , . This probability represents the beliefs of 

the bank just before receiving signal ( jR ). 

 Second, firm (k) – which is the firm choosing the adequate project here as the project (j) was chosen 

- prefers to renegotiate if the expected firm sale value ( )0jVE ,  minus the amount granted to the 

bank ( jR ) remains greater than the net amount recovered by the manager under bankruptcy: i.e. the 

intrinsic value ( kV )12, after repayments to the bank ( s1 10 ⋅α−α− ), net of bankruptcy costs. 

Firm (k) prefers private renegotiation if: 

 
( ) ( ) ( )

( ) ( ) ( )
444444 3444444 21

) kAT(j) (                    
ld    threshoacceptance  s(k)' 

k10j

k10j

V1s10,jVER

V1s10,jVER     

⋅β−⋅⋅α−α−−≤⇔

⋅β−⋅⋅α−α−≥+−

    (9) 

As for the bank, (k)’s acceptance threshold, kAT(j), varies with ( )0jkp , . 

 Third, firm (k’) – which is the firm choosing the inadequate project here - prefers to renegotiate if 

the expected firm sale value minus the amount granted to the bank exceeds the net amounts 

recovered if bankruptcy is triggered. Nevertheless, contrary to firm (k), the revelation of moral 

hazard behavior implies a zero recovery amount for the manager under bankruptcy, as the intrinsic 

firm value equals zero after this behavior becomes public information. Therefore, firm (k’) prefers 

private renegotiation if: 
( )
43421

) AT(j)k' (   threshold
acceptance  s' )(k'

j 0,jVER ≤      (10) 

As for the bank and for firm (k), firm (k’)’s acceptance threshold depends on ( )0jkp , . 

 

It must be stressed that the acceptance threshold is a minimum amount for the bank and a 

maximum amount for the firms. Depending on the level of ( )0jkp , , equations (8) to (10) provide 

interesting information on the renegotiation amount each party wants to give to or receive from the 

other. First, the bank always requests a lower amount than the one proposed by the firm (k’). As a 

consequence, a private renegotiation is a priori possible between these both parties: BankAT(j) ≤ 

                                                 
12Under hypothesis H1, the firm knows its intrinsic value and anticipates the prevalence of this value in case of bankruptcy. 
This value is strictly positive, because the firm (k) has chosen the adequate project (j). 
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k’AT(j). Second, the firm (k’) proposes a greater amount than firm (k). This results from the fact that the 

firm (k’) has a greater fear of formal bankruptcy than firm (k), as this procedure would mean a null 

intrinsic value only for firm (k’). Third, we derive from equations (8) and (9) that the comparison 

between the levels required / offered by the bank and by any firm (k) directly depends on the level of 

probability ( )0jkp ,  compared to the following pivot parameter ( p̂ ): 
( )

( ) ( )
( ) ( ) [ ]1,0

1s1
1s1p̂    :with

p̂0,jkpBankAT(j)kAT(j)

10

10 ∈
β−⋅⋅α+α−
β−⋅⋅α−α−

=

≥⇔≥
    (11) 

 

Table 3 and figure 2 represent all possible configurations depending on the initial level of 

probability ( )0jkp , , which can be viewed as the bank’s beliefs on the firm type before the firm proposes 

Rj. 

Table 3 and Figure 2. Individual minimum acceptance thresholds and bargaining trade-offs 

( ) 00jkp =,  ( ) p0jkp0 ˆ, <<  ( ) p0jkp ˆ, =  ( ) 10jkpp ≤< ,ˆ  

BankAT(j) = k’AT(j) > 
kAT(j) 

k’AT(j) > BankAT(j) > 
kAT(j) 

k’AT(j) > BankAT(j) = 
kAT(j) 

k’AT(j) > kAT(j) > 
BankAT(j) 

 

            Separating equilibrium  Pooling equilibrium 
 

 
 

 
The bold and black arrow indicates all possible values of jR . Points                 are minimum 

thresholds when probability ( )0jkp ,  respectively takes value 0, p̂  and 1. The direction of small 

jR  

k’ AT(j) 

( ) 00,jkp =  ( ) 10,jkp =

 

( ) 00,jkp = ( ) 10,jkp =

Bank 

Firm (k’) 

Firm (k) 

Separating 
equilibrium 

Pooling 
equilibrium

( ) p̂0,jkp =

( ) 00,jkp =  ( ) p̂0,jkp =  ( ) 10,jkp =

0

k AT(j) 

Bank AT(j) 
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black arrows indicates that the more (the less) jR  is, the more the bank (the firm) prefers to 
informally renegotiate. 
 

Proposition 1.   After any project (j) led to financial distress, there are two bargaining equilibria under 

H1 to H7. First, a separating equilibrium, under which firms (k) directly go to formal bankruptcy and 

firms (k’) – those having made moral hazard behavior – privately renegotiate by offering a null 

renegotiated amount to the bank. Second, a pooling equilibrium, under which all firms privately 

renegotiate by offering a strictly positive amount to the bank. The effective equilibrium depends on the 

bank’s beliefs before it received the signal ( jR ). 

 

Proof (proposition 1).   Table 3 and figure 2 show the existence of two equilibria under asymmetric 

information: a separating one and a pooling one. Each case relies on the comparison between probability 

( )0jkp ,  and the pivot value ( p̂ ): 
 
 If the bank has a low expectation to deal with a (k) firm (i.e. ( ) p0jkp ˆ, < ): the bank is more reluctant 

to trigger bankruptcy because of the high risk of selling the firm at a null value. As a consequence, 

the bank requires a low minimum amount to accept renegotiation. On the other side, any firm (k) 

relatively prefers formal bankruptcy, whereas any firm (k’) prefers private renegotiation. Then, any 

strictly positive offered amount may come from a (k’) firm because only BankAT(j) and k’AT(j) 

overlap. In that case, signal ( jR ) perfectly reveals firms’ types and may come from a (k’) type firm 

only: 
 

( ) ( ) 0R0jkpp0jkp j

0R j
=→<

>
,,ˆ,     (12) 

 
Of course, when dealing with the bank, any firm (k’) anticipates this update and rationally replace 

( )jR0jkp ,,  by zero. Moreover, because it is a “one shot” bargaining13, firm (k) proposes the 

minimum amount required by the bank14: i.e. the level defined by BankAT(j) when ( )jR0jkp ,,  

equals zero. Replacing this value in equation (8) leads to a null value for the bank’s minimum 

                                                 
13The bank cannot intend counterproposals here. This hypothesis leads to simple properties which have the advantage to 
reflect the short delays characterizing the bargaining period through most of the countries. For instance, under the French 
code, the bankruptcy procedure must be triggered within 15 days after default. 
14We suppose that the bank privately renegotiates, when its gains under bankruptcy or under renegotiation are equal. 
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required amount, BankAT(j), so that firm (k’) finally proposes 0R j =* , which is always accepted by 

the bank because renegotiation internalizes bankruptcy costs. Then, from equation (12), we obtain15: 

 

⎪⎩

⎪
⎨
⎧

= ion)renegotiat (privatebank  by the accepted is which ,0R proposes  :)(k' Firm

bankruptcy formal odirectly t oesg and anything proposenot  does  :(k) Firm
*
j

 

 

 If the bank has a high expectation to deal with a (k) firm (i.e. ( ) p0jkp ˆ, ≥ ): the bank requires a 

relatively high minimum amount, anticipating a high sale value of the firm. On the other side, both 

firms (k) and (k’) relatively prefer to turn to renegotiation, because debt forgiveness allows the 

manager to sell his firm outside bankruptcy at a relatively high value. It has to be reminded that 

potential buyers do not know the firm type either, so that they are willing to buy the firm at its 

expected value, which is high when probability ( )0jkp ,  exceeds the pivot value ( p̂ ). In that case, 

the bank minimum requirement is always lower than the amount acceptable to pay by both firms: 

threshold values kAT(j) and k’AT(j) totally overlap with BankAT(j). We then obtain a pooling 

equilibrium, so that signal ( jR ) is “empty”, meaning it does not provide any additional information 

to the bank: 
 

( ) ( ) ( )0jkpR0jkpp0jkp j

0R j
,,,ˆ, =→≥

>
    (13) 

 
Both firms (k) and (k’) propose the minimum amount required by the bank when the probability of 

being of type (k) equals ( )0jkp ,  (see equation (8)). Then, all firms avoid bankruptcy by offering the 

following amount ( *
jR ): 

 
( ) ( ) ( ) k10j V0jkp1sR ⋅⋅β−⋅⋅α+α= ,*     (14) 

 
End of proof (Proposition 1)   ■ 

 

Table 4 summarizes the previous results (from equations (6) to (14)) – when the chosen project is 

(j) – and the symmetrical results related to the second case16 when the firm – whatever its type – 

chooses project (j’). These results are supposed to be anticipated by all parties, so that table 4 displays 

anticipated payoffs in case of default at time (t+1). 
                                                 
15It is essential to notice here that firms of type (k’) are not incited to bluff, by proposing nothing to the bank, in order to 
appear as a “(k) firm”. Indeed this would imply automatic bankruptcy triggering, and the bluff would be directly discovered 
(remember bankruptcy costs are revealing costs). 
16Symmetrical results are simply obtained by swapping indexes (k), (k’), (j), and (j’). 
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Notice that, in the rest of the paper, we shall focus our analysis on equilibria associated to the 

belief that the bank achieves to reduce moral hazard occurrences. Namely we study here pooling 

equilibria associated to condition: ( ) p̂0,jkp ≥ . An interesting case is: ( ) 10,jkp → . Even if the equilibrium 

is a pooling one, almost all choices are adequate. Consequently, only good firms negotiate with the 

bank. 

 

Table 4. Anticipated payoffs in case of default at time (t+1) 
          Bargaining 
              solution: 

 The firm 
  chooses: 

Pooling equilibrium Discriminant equilibrium 

- Initial condition is: ( ) p0jkp ˆ, <  

- Prob. revision: ( ) 0R0jkp j →,,  

 
Firm is of type (k) 

 
Firm is of type (k’) 

Project (j) 

- Initial condition is: ( ) p0jkp ˆ, ≥  

- Prob. revision: ( ) ( )0jkpR0jkp j ,,, →  
 

- Private renegotiation, with (∀k): 
( ) ( ) ( ) k10j V0jkp1sR ⋅⋅β−⋅⋅α+α= ,*  

 
- The firm earns (∀k): 

( ) ( )[ ] ( ) k10 V0jkp1s1 ⋅⋅β−⋅⋅α+α− ,  
- The bank earns: 

( ) ( ) ( ) k10 V0jkp1s ⋅β−⋅⋅α+α ⋅ ,  

- Formal bankruptcy 
 

- The firm earns: 
( ) ( ) k10 V1s1 ⋅β−⋅⋅α−α−  

- The bank earns: 
( ) ( ) k10 V1s ⋅β−⋅⋅αα +  

- Private renegotiation, 
with 0R j =*  

 
- The firm earns: 0 
- The bank earns: 0 

- Initial condition is: ( ) p0jkp ˆ,'' <  

- Prob. revision: ( ) 0R0jkp j →',,''  

 
Firm is of type (k) 

 
Firm is of type (k’) 

Project (j’) 

- Initial condition is: ( ) p0jkp ˆ,'' ≥  
- Prob. revision: 

( ) ( )0jkpR0jkp j ,'',,'' ' →  
 

- Private renegotiation, with (∀k): 
( ) ( ) ( ) '

*
' ,' k10j V0jkp1sR ⋅⋅β−⋅⋅α+α=  

 
- The firm earns (∀k): 

( ) ( )[ ] ( ) ','' k10 V0jkp1s1 ⋅⋅β−⋅⋅α+α−  
- The bank earns: 

( ) ( ) ( ) ','' k10 V0jkp1s ⋅β−⋅⋅α+α ⋅  

- Private renegotiation, 
with 0R j =*

'  
 

- The firm earns: 0 
- The bank earns: 0 

- Formal bankruptcy 
 

- The firm earns: 
( ) ( ) 'k10 V1s1 ⋅β−⋅⋅α−α−

- The bank earns: 
( ) ( ) 'k10 V1s ⋅β−⋅⋅αα +  

Is equilibrium ex-
post verified? 

( )'; jjJ∈∀  
Yes No 

 



 16

3.2 The project choice taking place at time (t+1) 

 

From now on, let us consider the case of any firm (k). We shall derive symmetrical results for firm 

(k’) later. At time (t+1), the firm has to decide between projects (j) and (j’). Following hypothesis H6, 

firm (k) adopts mixed strategies, meaning that it computes the optimal probability ( )kjp  of choosing 

project (j) which maximizes its expected profit. The reference is the project (j), which is the adequate 

choice for any firm (k). Firm (k) resolves then the following program17: 

( )
( ) ( )

( ) ( )

( ) ( ) ( )[ ] ( )

( )( )

( ) ( ) ( )

( )[ ] ( ) ( )[ ] ( )
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
⋅⋅β−⋅⋅α+α−⋅γ−⋅−

+

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
⋅+−+⋅⋅γ−⋅+

⋅−+

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
⋅⋅β−⋅⋅α+α−⋅−

+

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛
⋅+−+⋅⋅

⋅=Π

<γ

 V0jkp1s11p1    

                                              

  Di1xVxjkp1p            b      

  kjp1    

                                                                        

   

 V0jkp1s1p1 

                                           

Di1xVxjkp    p          

kjp       kEMax

ionrenegotiat  privateunder    Payoffs
k10

failure of Prob.

benefitssale  Firm
k

1)  (  success
of      Prob.

benefits
Private

k

)(j'project   
inadequate 

 thechoosing
of    Prob.

ionrenegotiat  privateunder    Payoffs
k10

failure  of Prob.

benefitssale  Firm
k

success of Prob.

(j)project   
adequate  

 thechoosing
of    Prob.

kjp

4444444 34444444 214434421

4342144 344 214342143421

43421

444444 3444444 21321

4342143421321

321

'

'

,''

,''

,

,

     (15) 

 

Under pooling equilibria, this program implies a Bayesian revision process from the bank (see 

hypothesis H4), given the two signals, project (j or j’) and failure (financial distress). Table 5 gives the 

updated bank’s beliefs of dealing with a non-tricky firm (i.e. a firm having made the adequate choice). 

These beliefs are derived from Bayes formulas and depend on the chosen project and on its final issue. 

                                                 
17 Second order conditions are verified but not presented here. They are available on simple request. 
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Table 5. Bayesian update of bank’s beliefs: 

Probabilities of dealing with a non-tricky firm given the chosen project and its final issue 
           Project issue 
Project choice 

Success (X = x) Failure (X = 0) 

Project (j) ( ) ( )
( ) ( ) ( ) ( )γ−⋅⋅⋅−+⋅⋅

⋅⋅
=

1pkjpp1pkjpp
pkjpp

xjkp
kk

k
'

,  ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )[ ]γ−⋅−⋅⋅−+−⋅⋅

−⋅⋅
=

1p1kjpp1p1kjpp
p1kjpp

0jkp
kk

k
'

,

Project (j’) ( ) ( ) ( )
( ) ( ) ( ) ( )γ−⋅⋅⋅+⋅⋅−

⋅⋅−
=

1pkjpppkjpp1
pkjpp1

xjkp
kk

k
'''

''
,'' ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )[ ]γ−⋅−⋅⋅+−⋅⋅−
−⋅⋅−

=
1p1kjppp1kjpp1

p1kjpp1
0jkp

kk

k
'''

''
,''

 

Replacing the expression of the bank’s updated beliefs in the (k)’s program (equation (15)), and 

deriving it with respect to probability ( )kjp , we finally obtain an equilibrium relation, which depends 

on the optimal probability of choosing project (j), ( )*kjp : 

 

( ) ( )( )kE  kjp Π∈ maxarg*      (16) 

 

3.3 The design of debt contract at time (t) 

 

The bank can determine an optimal collateralized debt contract which incites firms to choose the 

adequate project, whatever their type. This debt contract totally internalizes the trade-off between 

private renegotiation and formal bankruptcy taking place under financial distress. 

 

Proposition 2.   Under hypotheses H1 to H7, the interest rate and the degree of collateralization depend 

on legal parameters: [a] the respect of absolute priority order (APO), [b] the protection of secured 

creditors, and [c] bankruptcy costs. These relations describe what we call the ex-ante impact of 

bankruptcy codes on the design of debt contracts. Furthermore, both variables are influenced by 

[d] turnover in case of success, [e] the distance between firm values, and [f] the distance between 

private benefits, and [g] leverage. 

 

Proof (proposition 2).    Under hypotheses H1 to H7, ( )*kjp  depends on three parameters: [a] the mixed 

strategy of the other firm (which is a standard result under mixed strategies), [b] the revised bank’s 

beliefs, and [c] the initial characteristics of the debt contract (interest rate and level of collateralization). 

Nevertheless, the bank does not have to compute this probability. Indeed, the objective of the bank is to 

compute the equilibrium couple )si( ** ,  associated to relation (16) so that all firms choose the adequate 

project. In other words, the bank resolves equation (16), taking into account the double constraint 
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“ ( ) 1kjp = ” and “ ( ) 0kjp =' ”. In this aim, we finally derive from equation (16) the following 

equilibrium relation (see Annex): 

 
( )[ ] ( ) ( ) ( )[ ]{ }

( ) ( )[ ] ( ) ( )[ ]{ } 0 1s1p11p1 V            
 1s1p1p VbDi1xp

10k

10kk
=β−⋅⋅α+α−⋅⋅γ−−+⋅γ−⋅−

β−⋅⋅α+α−⋅−+⋅+−γ⋅⋅+−⋅

'
  (17) 

 

It has to be reminded that this relation applies when the firm is of type (k). We have also to 

compute the optimal probability of choosing project (j), ( )'kjp , maximizing the firm (k’)’s expected 

profit, ( )'kE Π . Using the same method for any firm (k’)18, we obtain a second equilibrium relation: 

 
( )[ ] ( ) ( )[ ] ( ) ( )[ ]{ }

( ) ( ) ( )[ ]{ } 0 1s1p1p V            
 1s1p11p1 VbDi1xp

10k

10kk
=β−⋅⋅α+α−⋅−+⋅−

β−⋅⋅α+α−⋅⋅γ−−+⋅γ−⋅++γ⋅⋅+−⋅−

'

'   (18) 

The system defined by equations (17) and (18) allows the bank to determine the optimal level of interest 

rate ( *i ) and of collateralization ( *s ): 

 

( ) ( )( )( ) ( )

( ) ( )( )
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⎢
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⎡

⎟
⎟
⎟
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⎟

⎠

⎞

⎜
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⎜

⎝

⎛

γ−⋅−

⎟⎟
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⎝
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+
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+⋅=
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1

kk

kk

kkkkk
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2
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1
2p2
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bb

2
p11Vp1VbVV

p
1x

D
1i

'

'

*

'

'

''
*

      (19) 

 

End of proof (Proposition 2)   ■ 

 

Table 6 summarizes the signs of the impact of exogenous variables on ( *i ) and ( *s ), which are 

obtained from the derivatives of equation (19). We obtain standard results on two determinants of the 

interest rate: leverage (D) and turnover (x). First, greater leverage plays on the firms’ financial charges a 

role similar to higher level of interest rate, so that there is a compensation mechanism between ( *i ) and 

                                                 
18For any firm (k’), we derive the expected profit E(Π|k’) with respect to probability p(j|k’). Then, at equilibrium, we obtain 
another relation which depends on the (k’)’s probability of choosing project (j). Here again, the bank defines a constrained 
relation between (i) and (s) so that no firm (k’) chooses project (j): this leads to equation (18). 
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(D)19: looking at equation (15), a rise of leverage is equivalent to a rise in the same proportions of 

interest. Second, for symmetrical reasons, greater turnover increases expected profits so that the bank 

can charge a higher rate to the firm20. 

 
Table 6: The determinants of collateralization (s*) and of interest rate (i*) 

 

Variable 
name Signification Impact on s* Impact on i* 

D 
 

Debt 
 

No impact Negative 

x Turnover in case of 
success 

No impact Positive 

α0 
 

APO protection 
 

Negative No impact 

α1 
Level of protection of 

secured creditors 
under bankruptcy 

Negative No impact 

β Bankruptcy costs21 
Positive  if:  

( ) 2bbVV kkkk '' −−>−   (C1) 
Negative  otherwise 

No impact 

Vk Firm k’s value Negative  if:  0bb kk >− '   (C2) 
Positive  otherwise 

Negative  if:  
( ) ''' k

2
kkkk VVVbb −>−  (C2bis)

Positive  otherwise 

bk 
Firm k’s private 

benefits attached to 
the inadequate choice 

Positive  if:  0VV kk >− '   (C3) 
Negative  otherwise 

Indeterminate 

 

Furthermore, it is of utmost interest to point out the model confirms the negative expected 

relation between on the one hand, the APO protection and the level of protection of secured creditors 

under bankruptcy, and, on the other hand, the level of collateralization. Indeed, when bankruptcy codes 

are respectful of creditor rights (relative to shareholder rights), there is no need of collateralization22. 

Moreover, the bank can reduce the level of collateralization when bankruptcy codes ensure a higher 

                                                 
19 This result may be influenced by a more sophisticated modeling of the probability of success, as a function of the level of 
interest rate, according to which a higher cost of credit should involve a greater probability of default. Here, we consider a 
simpler view according to which the probability of default is constant. 
20 Remember your approach does not focus on risk premium issues. Here, interest rate is only constrained by moral hazard 
incentives. 
21 The sign of the relationships with bankruptcy costs depends of the magnitude of these costs, namely whether they are 
higher or lower than 50%. However as empirical evidence supports the view of very low bankruptcy costs (i.e. below 4%) 
(White, 1989), we consider this case. 
22 It must be reminded that we consider only one creditor, the bank, in our model, meaning the absence of competition 
between several creditors. 
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protection of secured creditors. We observe that bankruptcy protection increases the overall “leverage 

effect” of 1% of collateralization. 

Bankruptcy costs play a major role in our approach (especially through the revelation 

mechanism they imply). First, according to Table 6, these costs only affect the collateralized percentage 

of the loan. Indeed, as for bankruptcy costs, only the level of collateral directly affects payoffs under 

default, which is not the case of interest rate. Second, there is a positive relation between bankruptcy 

costs and the level of collateralization. This may be explained as follows: a costly bankruptcy procedure 

provides more incentives to the firm to avoid it because this decreases its expected payoffs in case of 

failure (see equation (15)). Suppose the firm (k)’s value is relatively high (see condition (C1) in Table 

6) and remember that firm (k)’s value is the value any manager of firm (k) recovers under default after 

having chosen the adequate project (whereas (k’)’s value is the recovered one otherwise): in case of 

default after having made the adequate choice, an increase in bankruptcy costs strongly reduces the 

recovered amount of manager of firm (k) so that he has more incentives to choose the inadequate project 

associated to a lower firm’s value. This higher incentive to moral hazard is paid by a higher 

collateralized percentage of the loan. 

At last, the conditional negative relation between the firm (k)’s value and the level of both 

endogenous variables ( *i ) and ( *s ) may be explained as follows: all other parameters remaining equal, a 

rise of the value of firm (k) increases manager (k)’s payoffs while choosing the adequate project (see in 

equation (15) the payoffs associated to the event of failure). On the one hand, suppose manager (k)’s 

private benefits are relatively low compared to other managers (k’) (i.e. condition (C2) in Table 6 is not 

verified). Then, any manager (k) has two reasons to choose the adequate project: (1) private benefits 

attached the inadequate project are low, and (2) the recovered amount in case of failure gets higher if he 

does not trick the bank. Here, the risk of moral hazard is sufficiently low so that the bank can increase 

both levels of interest rate and of collateralization. On the other hand, suppose private benefits ( kb ) are 

high (i.e. condition (C2) in Table 6 is verified now). In that case, the manager has one new reason to 

trick the bank (i.e. the high level of his private benefits). Here, the consequences of any tricky behavior 

get worse with the increase of firm value (in terms of opportunity cost): the bank has to reduce moral 

hazard incentives with a reduction of both levels of interest rate and of collateralization. For 

symmetrical reasons, a rise in manager (k)’s private benefits leads to an increase of collateralization (the 

derivative of interest rate is undetermined) if and only if the firm (k)’s value is relatively high (see 

condition (C3) in Table 6). 
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4. Conclusion 
 

This research has investigated how bankruptcy law influences the design of debt contracts through 

the recovery process. We have proposed a model on the effects of the recovery process on the design of 

debt contacts. This is a major contribution to the theoretical literature on ex-ante efficiency of 

bankruptcy procedures, as former papers on this topic focused on the impact of the characteristics of the 

bankruptcy procedures on the behavior of managers and creditors. 

Unlike most papers considering a passive behavior of the bank in case of default of the borrower, 

we assume an active behavior of the bank which is more realistic. When the bank observes the default of 

the borrower, it decides the continuation or the liquidation of the borrower. The first result of the 

theoretical model is the existence of two bargaining equilibria, a separating equilibrium and a pooling 

equilibrium. The effective equilibrium results from the bank’s beliefs. The second result of the model is 

the influence of the recovery process on the design of loan contracts, namely the loan rate and the 

collateralized percentage of the loan. 

Our findings have major normative implications at the macroeconomic level. Namely, by showing 

the effects of the recovery process on the features of debt contracts, loan rate and collateralized 

percentage of the loan, we provide elements explaining how bankruptcy law should be designed to favor 

investment. Indeed, if banks require lower loan rates and reduce collateralization, they would favor 

investment as some firms can be inclined not to ask for bank loans because of the need of collaterals or 

of a loan rate considered as excessive. 

They also have important positive implications. La Porta et al. (1997) empirically show that 

protection of creditors and law enforcement positively influences the development of debt markets. We 

therefore provide microeconomic foundations to La Porta et al. (1997)’s result by explaining how 

bankruptcy law through the recovery process can influence the design of debt contracts and 

consequently the development of standard debt contracts. However the present paper’s findings must 

only be viewed as a first investigation of the influence of the recovery process on the design of loan 

contracts. This theoretical analysis can be extended in a number of ways, including empirical 

investigation. This opens an avenue for further research. 
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Annex.   Equilibrium relation between (i) and (s) so that the firm chooses the adequate project. 

 

Equation (16) leads to the following first order condition: 
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The bank computes the couple ( ** ,si ) associated to equation (A1) so that all firms choose the adequate 

project: i.e. “ ( ) 1kjp = ” and “ ( ) 0kjp =' ”. Such incentives imply some additional conditions on 

probabilities appearing in (A1): 

 

Incentive constraints:  
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 (A2) 

 

Introducing constraints (A2) into equation (A1) leads to the following equilibrium relation: 

 
( )[ ] ( ) ( ) ( )[ ]{ }
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