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Abstract An insolvency administrator replaces the manager of an insolvent firm to
devise and organize a liquidation or reorganization plan in the creditors’ interest. In
the course of the process, the insolvency administrator presents the most favourable
option from his perspective, and the creditors choose to accept or reject this plan.
Conflicts of interest arise because the insolvency administrator, as the better-in-
formed party, considers in his proposal liability risks and reputational issues that are
beyond the creditors’ scope. We model this conflict as a Bayesian game and find
that, under those compensation schemes typically used in real-world regulations,
optimal creditor satisfaction and efficient decisions concerning the economic future
of the insolvent firm will never be achieved simultaneously.

Keywords Bankruptcy - Insolvency administrator - Creditor - Incentives -
Compensation
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1 Introduction

The objective of a bankruptcy law concerns two primary aspects: first, it should
ensure optimal creditor satisfaction by exploiting the remaining assets of a bankrupt
firm, and second, it should separate viable from unviable bankrupt firms. However,
identifying the viability of firms is a difficult task, generating two types of errors:
Type I error occurs if unviable firms are restructured under court-supervised
reorganization. Type II error occurs when viable firms are liquidated instead of
reorganized (White 1994). These two errors constitute the filtering failure of an
insolvency procedure.

The literature discusses various reasons for this filtering failure. The most
commonly considered explanation is asymmetric information between creditors and
managers or equity holders, which impedes the information revelation process
regarding the true value of a financially distressed firm (Hotchkiss et al. 2008;
Giammarino 1989; Li and Li 1999; Mooradian 1994; White 1994). Further studies
analyse the influence of biased judges (Bris et al. 2005; Baird 1986) or the quality
and judicial discretion of judges on the ex post outcome of a bankruptcy procedure
(Ayotte and Yun 2007; Bernhardt and Nosal 2004). Another issue discussed in the
literature is the conflict of interest among multiple creditors (Blazy and Chopard
2004) or the problems due to multiple classes of creditors (Bulow and Shoven 1978;
White 1989; Gertner and Scharfstein 1991).

This paper addresses the individual incentives of a better-informed insolvency
administrator as an additional source of filtering failure. We incorporate asymmetric
information, individual concerns, such as liability risks or reputational issues, and
insolvency administrator remuneration in a stylized model in which the interactions
between the insolvency administrator and the creditors of a company are analysed.
Our key contribution is that the insolvency administrator compensation schemes
typically used in insolvency law will not imply optimal creditor satisfaction and the
absence of filtering failure simultaneously. The main driver of this result is the
information asymmetry between the involved parties in combination with the
individual concerns of the insolvency administrator. The insolvency administrator
will always report the true viability of the bankrupt firm and will always propose the
correct resolution of a bankruptcy under an appropriate compensation scheme.
However, providing these incentives is not optimal from the creditor’s perspective.

Besides from compensation schemes typically used in insolvency law, we derive
a compensation scheme that simultaneously implies optimal creditor satisfaction
and no filtering failure as a benchmark. However, such a scheme heavily depends on
the unverifiable preferences of the individual insolvency administrator and will
therefore not be implementable as a general regulation. We argue that regulatory
measures addressing liability risk or the role of reputation are more appropriate to
enhance the efficiency of insolvency proceedings.

To the best of our knowledge, this is the first study to analyse the influence of
insolvency administrators’ incentives on the ex post efficiency of a bankruptcy law.
This article contributes to the theoretical literature on the information asymmetry
among creditors, owner-managers and third parties such as judges as a source of
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filtering failure. White (1994) investigates the filtering properties of U.S. bankruptcy
law. In that model, a manager can decide to file for Chapter 11 or Chapter 7
bankruptcy, and the results indicate that pooling equilibria exist in which efficient
and inefficient bankrupt firms reorganize under chapter 11 and, therefore, Type I
errors occur. Furthermore, Giammarino (1989) and Li and Li (1999) study how a
formal bankruptcy procedure can help resolve the information problem between a
manager/firm and a creditor. They analyse whether it is optimal to incur costs due to
a bankruptcy procedure, given the existence of the costless alternative of a private
renegotiation. The role of bankruptcy law is to force information disclosure and to
resolve information asymmetry. In contrast to these papers, we analyse the
information revelation process within a court-supervised procedure after private
renegotiation between the firm and its creditors has failed. Moreover, we consider
the relationship between an insolvency administrator and a creditor.

Ayotte and Yun (2007) analyse the effect of the quality of judges or insolvency
administrators on the ex post outcome of a bankruptcy procedure. They find that
judicial expertise is necessary when creditors are biased, using the following
argumentation: When creditors are biased towards liquidation, a more debtor-
friendly bankruptcy law in which management is allowed to retain some control will
be efficient. Therefore, this freedom in managers’ decisions necessarily requires
judicial expertise to separate viable and unviable bankrupt firms. In contrast, if the
judges’ ability to identify viable firms is low, a more creditor-friendly bankruptcy
law will be optimal. Bernhardt and Nosal (2004) also analyse how judicial
discretion influences the outcome of a bankruptcy. They show that some judicial
error can enhance the ex post efficiency of a bankruptcy procedure due to better ex
ante actions on the part of management. In contrast, we investigate the influence of
the insolvency administrator’s remuneration on the ex post outcome and do not
distinguish different qualities or discretion of an insolvency administrator.
Moreover, in our model, an insolvency administrator has divergent incentives from
those of a judge. The insolvency administrator is not employed by the government,
is personally liable for his decisions and needs a good reputation to be assigned to
future insolvency procedures.

A second strand of the literature empirically examines the reasons for ex post
inefficiency. For example, Djankov et al. (2008) use a case study presented to
lawyers in 88 countries to measure the concrete extent of inefficiency. They find that
bankruptcy procedures in all countries are highly inefficient. Therefore, the main
reasons for inefficiency are high administrative costs and long time delays. The
study contains several countries with an insolvency administrator as an integral part
of the bankruptcy procedure, but they do not separately analyse how the insolvency
administrator should be remunerated. Only one empirical study considers the
influence of an insolvency administrator’s compensation scheme on the bankruptcy
outcome. Using Hungarian data, Franks and Loranth (2013) find an impact of the
insolvency administrator’s remuneration on the satisfaction of creditors and argue
that one reason for high bankruptcy costs might be the structure of the remuneration
scheme for insolvency administrators. Our paper can be understood as a theoretical
basis for the inefficiencies mentioned in Franks and Loranth (2013).
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The remainder of this paper is structured as follows. Section 2 outlines the role
and the remuneration of the insolvency administrator in the German Insolvency
Code. Section 3 presents the model, and Sect. 4 analyses the different equilibria of
the game. Section 5 analyses the efficiency of the insolvency administrator’s
compensation. Some implications for the regulation of insolvency procedures are
discussed in Sect. 6, and the final section concludes the paper.

2 The German insolvency procedure

The insolvency administrator is of particular importance in the German Insolvency
Code; therefore, we use the German insolvency procedure as the basis for our
analysis. Nonetheless, our study is not limited to Germany, as insolvency
administrators are common in many insolvency codes." German insolvency
proceedings begin after creditors or the management of the bankrupt firm declare
insolvency. The reasons for such a declaration are illiquidity, impeding illiquidity or
over-indebtedness (Sec. 16 et seq. Insolvenzordnung (InsO)). In a next step, an
insolvency judge examines whether the remaining assets are sufficient to cover the
insolvency costs (Sec. 26 InsO and Haarmeyer, in: Kirchhof et al. (2014), to Sec.
26, Note 11) and delegates the responsibility and management of the bankrupt firm
to an insolvency administrator (Sec. 27 (1) InsO). Thereafter, the insolvency
administrator must continue operations, secure remaining assets and develop
options for the future of the firm. During this time, the insolvency administrator
privately obtains information about the viability and conditions of the firm and
therefore learns whether a liquidation or continuation of the bankrupt firm is
beneficial.

At most three months after the beginning of the insolvency procedure, the
insolvency administrator reports on the potential future options for the bankrupt firm
at the creditors’ meeting (Sec. 156 InsO). On the basis of this report, creditors
decide to liquidate and shut down the firm or to continue the firm. Furthermore, they
can enable the insolvency administrator to devise an insolvency plan (Sec. 157
InsO). The main purpose of such an insolvency plan is the development of a detailed
proposal on how the bankrupt firm can be reorganized.

According to German bankruptcy law, an insolvency administrator’s compen-
sation depends on the total amount of the insolvency assets realized in the
insolvency procedure and on the compensation parameters defined by the
insolvency code. The monetary compensation is typically defined as a share of
the realized assets (Sec. 1 et seq. Insolvenzrechtliche Verguetungsverodnung
(InsVV)). From this compensation, the insolvency administrator has to pay his
general administrative costs (Sec. 4 InsVV). However, in the event of a highly
complex procedure, a reorganization of the firm or a preparation of an insolvency
plan, the insolvency court can individually adjust the compensation parameters
(Sec. 3 InsVV and Haarmeyer et al. (2007), to Sec. 3, Note 8 et seq.).

! Insolvency administrators or trustees are most frequent in European countries. See Appendix A for a
comparison of selected international insolvency procedures.
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In addition, the insolvency administrator’s incentives contain elements other than
monetary remuneration. These are the uncompensated costs or non-monetary
benefits of the insolvency administrator. Uncompensated costs arise from litigation
or liability risks (for example, Sec 60 InsO and Brandes/Schoppmeyer, in: Kirchhof
et al. (2014), to Sec. 60, Note 89-91). Legal liabilities and litigation costs are
prevalent in reorganizations because the insolvency administrator has to manage the
bankrupt firm and to develop a sustainable business model in a continuation. During
this task, creditors may believe that the administrator’s decisions are negligent or
wrong. Additionally, he vouches for all debt issued during the insolvency. Thus,
creditors may sue the insolvency administrator for damage payments as a party with
deep pockets and not only in situations in which a reorganization plan fails.

In contrast to uncompensated costs, reputational effects may imply non-monetary
benefits. Reputation arises primarily in a reorganization of the insolvent firm
because the insolvency administrator can demonstrate his ability to develop a
sustainable business model and to maintain the firm as a going concern.
Restructuring a firm under time constraints is a highly complex task. The
insolvency administrator has to develop a profound, firm-specific understanding in a
very short time. Hence, he needs high cognitive skills and high managerial know-
how. Therefore, the reorganization of an insolvent firm can be seen as a positive
signal that helps the insolvency administrator be assigned to profitable future
insolvency procedures. For example, the German government implemented an
insolvency law reform in 2011 intended to encourage the reorganization of insolvent
firms.” This amendment also affects the value of the insolvency administrator’s
reputation: Prior to the reform, the insolvency court assigned an insolvency
administrator to the insolvent firm. The court had to choose the insolvency
administrator from a list and, thus, had considerable leeway. Overall, this process
was rather obscure. Under the new law, creditors can propose an insolvency
administrator (Sec. 56a InsO).

3 The game between the insolvency administrator and the creditor

The discussion of the German insolvency code in Sect. 2 and Table 1 in Appendix A
reveals the following stylized facts concerning the interactions between the
insolvency administrator and the creditors:

1. Insolvency administrators are better informed about the future options of the
insolvent firm.

2. They propose the potential usage (liquidation or continuation), which has to be
approved by the creditors.

3. The insolvency administrator’s compensation can entail fixed and variable
components, depending on the value of assets under continuation or liquidation.

We consider these stylized facts in a Bayesian sequential game between the
insolvency administrator and a creditor. To rule out different interests and free-rider

2 “Gesetz zur weiteren Erleichterung der Sanierung von Unternechmen” (ESUG).

@ Springer



Business Research (2017) 10:159-187

164

SOX
synsme|
JO 90UIPIAD
ou pue paddeo
st Aniqer|
‘IOAIMOY ‘SO X
IOJRIISTUTWPE )
jsurede sosIn0dal
aye) ued
uoyue)) ‘ANYIqerf
s1e9q UOIUL))

SOX

Anpiqer reuosad
jueoyugig

Anpiqer reuosrad
juedyugig

000°001 P399x3

jouued uonesuadwo)) J0JeNSIUIUPY

‘Surpassold oy Jo Suruuidoq oy

Je [B10] J99Ys OUB[EQ IO NUIAI ‘SI0IGIP

Jo Iequinu 9y} uo ‘39 ‘spuadop pue
pare[n3ar Ap3owns st uonesuadwiod ‘Q[qeLIe A

Kouaajosur oy}
ur pazifeal spaadold jo a8ejucorad ‘oqerrep

Surpaosord
ay jo Ayrxordwod ay) SuLIopIsuod
9[IyM 11095 9y} Aq paururdjep wns dumn

S9OUB)SWNIIID
[eroads jo aseo ay) ur 9[qrssod

QI SJUNOJSIP IO SPIBMY ‘AOUSAOSUI )

ur pazifeal spaadold jo a3ejudorad ‘oqerrep

Kouaajosut jo Ayrxordwod
10 9718 "8 ‘IOpISU0d A3y, "UOTIRIUNWAI
(spaadoi1d jo a3ejudorad) o[qerrea
JO (SIseq QW) XU JNOQE IPIIAP SIONPAL)
*SOOUBISUWINOIID
[eroads jo aseo oy ur 9[qissod
QIe SJUNOISIP 10 SPIEMY "AOUIAOSUI A1)
u1 pazifeal spaadoid Jo a8ejucorad ‘o[qerrep

110D
(uoIsSIdp
)
1S9IU0D UBd
SI0JIPAID))
11n0D)

SI0IPaID)

SIONPAI)

(3mos ay) Jo

uorsiazadns
Jopun)
SI0MIPAID)

SI0YIPaID)

J[qssod st

UoNENUNUOd/UOTIBZIUBSIOAT

Bl

QUIUIIJOP pUE JuSUIdFeURUI

juaquundul Jo uoisiazadng

(uonepnbry
‘uoneziuedioar) sagesn
aminj [enuojod UL

ue[d A19A0021 © QuIULIRJ

(uonepmbry
‘uoneziue3ioar) afesn
a1y renuajod suruIdleqg

(uonyepinbi| JuoweSuere

Areyunoa Auedwod

‘uoneziuedioar) aesn
amny renuajod surwIdleq

(uonepmbry
‘uoneziuedioar) sagesn
amyny [enudjod SUTLIA(

il

110D
(3s1xa sy0adsoxd
K19A0931
J1 JOJenSIuTwIpe
ue asodoxd
SI0JIPaID) 1N0D)

10D

jiiilve}

(J0jenSIUTWIPE
ue osodoid ued
SI0}IPaID) 30D

(arrerorpnf
JUSWIISSAIPIY) AOURL]

AreSunyg

(UQIYRJIDASSRYIBN))
PUBIOZIIMS

(UQIURLIDASINYUOY]) BLOSNY

(ernpaooxd
UONENSIUTWPE) UTRILIg 181D

(UIYBJIOAZUIA[OSUI[TY)
Auewron

Anpiqer) euosiag

JOJENSTUIWPE JO UOTJRIQUNWIY

oSesn
amjny noqe
SIpIOAp OYM

JOJENSTUTWPE JO YSE,

I0jeNSTUTWpE
syutodde oypn

Anuno)

mpooo1d ASUSA[OSUT [BUOTIBUIAIUI JO SONSLINIRIRYD [ dqe],

pringer

AR



Business Research (2017) 10:159-187 165

problems among creditor groups, we model the multitude of creditors typical for
real-world insolvency cases as a single player.

At the beginning of the game, a firm declares insolvency, and the official
insolvency procedure starts. Figure 1 summarizes and illustrates the game. First, the
insolvency court delegates the responsibility and management of the insolvent firm
to an insolvency administrator. During this time, the insolvency administrator
privately obtains information on the viability of the firm, denoted by 6. We
understand that firms with high 6 exhibit high viability: they have a sustainable
business model and good future prospects. Low 6 means the opposite: these firms
cannot survive in the market on a sustainable basis. The creditor does not obtain this
information but has a prior belief about 0, given by a uniform distribution with
support by [0, 1].

With knowledge of 0, the insolvency administrator can determine the value of the
firm’s assets depending on liquidation or continuation. In a continuation, the firm is
reorganized and operations continue. A liquidation will result in a sale of the assets
and in a shutdown of the firm. For the sake of simplicity, we normalize the
liquidation value to 1. The value in a continuation increases with  but is not
perfectly predictable as a result of uncertain future events. In a continuation, the
value accounts for 20 + ¢ with E(¢) = 0, Var(¢) = ¢ and Cov(0,¢) = 0. Thus, the
expected continuation value is 20. Due to our assumptions, liquidation values are
higher for small 0 and continuation values for large 6. Both expected values are
equal at 6 = 1/2.

In the next stage, the insolvency administrator reports his favoured option to the
creditor. The creditor then decides whether to follow or to reject the proposal. This
decision critically depends on the creditor’s conditional expected payoffs for both
alternatives, which we derive below. If the creditor accepts the proposal, the
insolvency administrator will carry out his decision and the game ends.

Motivated by the discussion of the German insolvency code, we assume that the
insolvency administrator’s payoff is proportional to the value realized in the
insolvency procedure.” The shares can depend on liquidation and continuation and
are denoted as f, (liquidation) and f§; (continuation). To keep things simple, we
abstract from any direct expenses of the insolvency administrator for preparing and
performing the plan if the plan is accepted by the creditors and implemented.

However, we consider expected uncompensated costs (uy, #c) and non-monetary
benefits (1, rc) in our model. As motivated in Sect. 2, we assume that u; = 0 and
r. = 01in a liquidation scenario. In a continuation scenario, we define uc = u(0) and
rc = r(6). Uncompensated costs typically decrease in 0 because litigation and
liability risks become less likely for high 6. For the sake of simplicity, we set
u(0) = (1 — O)u. We also assume that the non-monetary benefits increase in 0
because an insolvency administrator can better demonstrate his abilities to maintain
a firm as going concern for more valuable firms. Again, we assume a linear relation
and set r(0) = Or and obtain Or — (1 — 0)u as the total amount of uncompensated
costs and benefits.

3 We discuss a fixed compensation that differentiates only between liquidation and continuation and
between a compensation—inducing no filtering failure—and optimal creditor satisfaction in Sect. 5.
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Fig. 1 Bayesian game between insolvency administrator (IA) and creditor (C). After observing 0, the
insolvency administrator can propose liquidation (L) or continuation (R). The creditor can confirm the
proposal (claiming R upon R or L upon L) or reject (claiming L on R or R on L). In the event of a
rejection, the insolvency administrator may accept the creditor’s claim or terminate

If the creditors accept the insolvency administrator’s proposal, the game ends and
we can define the payoffs of both parties depending on liquidation and continuation.
The insolvency administrator’s payoffs for continuation and liquidation are

(0, By, e, u,r) = B[20 + &) — (1 — O)u+ Or (1)
and
7% (Bo) = Bo. (2)
The creditor’s payoff for continuation and liquidation are given by
70, By e) = (1 - By)[20 + ¢] (3)
and
(o) = 1= Po. (4)

The game continues if the creditor rejects the insolvency administrator’s proposal
and asks for continuation upon a liquidation proposal and vice versa. In this case,
the insolvency administrator can either follow the creditor’s proposal or terminate
his assignment. In both cases, the rejection of the proposal creates disutility K for
the insolvency administrator because he prefers not to work for the trash can. K may
also represent costly negotiations with the creditors that especially appear in case of
a plan rejection.

The insolvency administrator will always follow the creditor’s claim for a
liquidation as long as fi, >0. In the event of a continuation claim (instead of a
proposed liquidation), the insolvency administrator will leave the job if
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“ Op.

28,0 —(1—10 Or—K< —K < —— =
B ( Yu+ 0r < & <2ﬁ,+u+r (5)

As a result of the termination, a new insolvency administrator is hired. The new
insolvency administrator will also propose liquidation because €< 6p. Without
explicit modelling, we simply assume that the creditor always accepts liquidation
because the resignation of the first insolvency administrator is a credible signal.

4 Equilibrium analysis

In this section, we examine the equilibria of the game between the insolvency
administrator and the creditor. The equilibrium concept used is perfect Bayesian or
sequential equilibrium, as the game is similar to a signalling game. In our model, the
creditor will use the insolvency administrator’s proposal as a signal and he will
update his beliefs about 6. Using the updated beliefs, he will accept or reject the
proposal. Under perfect Bayesian equilibrium, the insolvency administrator’s
reporting strategy and the creditor’s reaction to the report are best responses given
Bayesian updating.

This paper focusses on two questions: (1) How does the insolvency adminis-
trator’s compensation influence the separation of viable from unviable financially
distressed firms, such that no filtering failure occurs? (2) Can no filtering failure and
optimal creditor satisfaction be implemented simultaneously by an appropriate
compensation regime? As a first consequence of this focus, we concentrate our
analysis on separating equilibria and do not consider any pooling equilibrium, as
pooling equilibria will never be efficient. In a separating equilibrium, the insolvency
administrator proposes liquidation for a subset @, € ® = [0, 1] and continuation of
the firm for ®c = ®\OL. As a second consequence of our focus, we restrict our
attention to those values of f§; for which a compensation parameter f5(f;) exists,
such that f§; and f57(f};) induce a no filtering failure equilibrium.

Depending on the compensation parameters, we identify three different types of
separating equilibria in our model, which are characterized as follows:

1. Pure strategy equilibrium: The insolvency administrator proposes liquidation if
0<0<0" and continuation if 6" <0<1. The creditor always accepts the
proposal. The pure strategy equilibrium without filtering failure is characterized
by 0" = 3.

2. Mixed strategy equilibrium with mistrusted continuation: The insolvency
administrator proposes liquidation if 0 < 6 < 0** and continuation if 0™ <0 < 1.
The creditor always accepts the liquidation proposal and accepts continuation
with probability p".

3. Mixed strategy equilibrium with mistrusted liquidation: The insolvency
administrator proposes liquidation if 0<6<6" and continuation if
0" <0 < 1. The creditor always accepts the continuation proposal and accepts
liquidation with probability p'.
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Proposition 1 states how the three different separating equilibria depend on the
compensation parameters f; and f3, if uncompensated costs dominate (u > r).

Proposition 1 Suppose that u>r >0, and 0<f,<1+3(r—u). Then, the
compensation parameters f, and 3, induce the following equilibria:

1. A pure strategy equilibrium with 0* = 2/1’[?04:4’:;"

B, <B <PB,. The no filtering failure equilibrium 0* :% is induced for

By =Py +55 € (ﬁl,ﬁl)-
2. The mixed strategy equilibrium with mistrusted continuation emerges if

Bi < By <B)“. The threshold value is given by 0" = %

3. The mixed strategy equilibrium with mistrusted liquidation exists for

i . kK 1—
B < B <B,- The threshold value is 0" = 17?‘; - Zﬁ]iqur'

exists if B, and B, are such that

Proof See Appendix B. O

Proposition 1 shows that pure and mixed strategy equilibria exist for different
values of 8, and f,. Figure 2 illustrates the different equilibrium regions for u = 0.4
and » = 0.2 and helps to explain the intuition behind the results.

The dashed line depicts the compensation in the case of no filtering failure
Bi = Po + 5~ No filtering failure is induced because f5; exactly adjusts for the
uncompensated continuation cost # and non-monetary continuation benefits r. As
long as the difference between f; and f] is not too large, a pure separating
equilibrium with inefficient liquidation or continuation exists. If f, exceeds
1—|—%(r— u) = 0.7, the separating equilibrium with no filtering failure can no
longer be implemented, as f§] exceeds B,. Increasing f3, beyond f3; creates stronger
continuation incentives for the insolvency administrator. The creditors counterbal-
ance these distorted incentives by stochastically accepting or rejecting the
continuation proposal. Thus, the mixed strategy equilibrium with mistrusted

Pooling Equilibrium

0.8

0.6

0.4

0.2

Pooling Equilibrium

0' L L L L L L L
8.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 Fo

Fig. 2 Pure and mixed strategy equilibria depending on f8; and f, for u = 0.4 and r = 0.2
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continuation emerges. The opposite effect appears if f§; falls below f8 ,- In this case,
liquidation incentives are relatively strong. As a consequence, the creditors do not
always accept the liquidation proposal, implying the mixed strategy equilibrium
with mistrusted liquidation.

Figure 3 displays the threshold values 0, 0™ and 0" depending on f§; in the
pure and mixed strategy separating equilibria for different values of f, and u = 0.4
and r = 0.2.

We consider the pure strategy equilibrium ranges first. These ranges, given by the
interval (B,(B,), B1(Bo)). are shifted to the right with an increase in f3,. Moreover,
the threshold value 0" starts above the no filtering failure level 0 = 1/2 at f§; =
B . (Py) and decreases in f3; because a higher compensation for continuation should
drive down the insolvency administrator’s preferences for liquidation.

In both mixed strategy regions, however, the thresholds 0™ and 6 increase
with f3;. Intuitively, one would expect decreasing thresholds similar to the pure
strategy equilibrium. However, the increasing 6™ and 6" in 8, are indeed a
necessary property of the mixed strategy equilibrium. In both mixed strategy
equilibria, the threshold value is determined such that the creditors are indifferent
between liquidation and continuation upon receiving the insolvency administrator’s
liquidation (or continuation) proposal. A larger compensation f3; does not affect the
creditor’s liquidation payoff. However, it reduces the creditors’ expected profit,
conditional on continuation. Shifting the threshold value to the right enhances the
creditors’ expected payoff and, thus, counterbalances the reduction caused by the
increased compensation f3;.

In the following Proposition 2, we analyse the separating equilibria in a situation
in which the non-monetary benefits exceed the uncompensated costs (r > u).

2
Proposition 2 Suppose that 0<u<r, and 0 < f, < &=+ \/% +u(u—r).

Then, the compensation parameters 5, and f, induce the following equilibria:

0
{
0.5 \y T~ _ ‘/ ‘
= -7
0 = = B
0 £10.05)51(0.15) Bi(0.05)  Bi(0.15)

Fig. 3 Threshold values 0%, 6" and 0™ for f§, = 0.05 (solid line); f, = 0.15 (dashed line) and u = 0.4;
r = 0.2 depending on f3,
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1. A pure strategy equilibrium with 0" = Potu_ o ists if B, and B are such that

2B Futr
glgﬁlgﬁl. The no filtering failure equilibrium 0 :% is induced for
By =Py +55 € (Elvﬁl)-
2. The mixed strategy equilibrium with mistrusted continuation emerges if
B <Py <BT™*. The threshold value is given by 0** = ﬁl‘%ﬁﬁ]‘)
3. The mixed strategy equilibrium with mistrusted liquidation exists for

11“1“ <B <£1. The threshold value is 0° = }:ﬁ? - m

Proof See Appendix C. O

Proposition 2 is similar to Proposition 1 above. The threshold values for the pure
strategy equilibrium and mixed strategy equilibriums are the same. The only
noticeable difference from the case with u>r 1is the upper limit

Bo< E5+ \/ % + u(u — r). The upper limit ensures that a pure strategy
separating equilibrium with no filtering failure can be implemented.

Similar to Fig. 2, Fig. 4 shows the equilibrium regions depending on 8, and f,.
As above, the pure strategy equilibrium will be valid if f; moderately deviates from
f1. Moreover, the pure strategy equilibrium can exhibit inefficient liquidation or
inefficient continuation. Increasing f§; above the threshold value f3; induces the
mixed strategy equilibrium with mistrusted continuation, and decreasing f3; below
B , implements the mixed strategy equilibrium with mistrusted liquidation.

The compensation parameters f§; and f; can be designed such that the game
between the insolvency administrator and the creditor exhibits no inefficient
liquidations and continuations, provided that the regulator has information
concerning uncompensated costs and non-monetary benefits. However, the conse-
quences for the satisfaction of the creditor’s claims are thus far unclear and are
analysed in the next section.

1.0

Pooling Equilibrium
0.8

B™

0.6 _

B
04 B~

B
0.2 ’/—‘// ﬁllni"
L Pooling Equilibrium
0.0 Bo
0.0 0.2 0.4 0.6 0.8

Fig. 4 Pure and mixed strategy equilibria depending on f8; and f, for u = 0.2 and r = 0.4
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5 Creditor payoff and insolvency administrator compensation

In the previous section, we analysed how the insolvency administrator’s compen-
sation influences the economic future of the insolvent firm. In this section, we
characterize the optimal compensation parameters f, and f; from the creditors’
perspective. We concentrate on creditors for the following reason: In many
jurisdictions, the purpose of insolvency law is to provide an institutional setting for
the satisfaction of the creditors’ claims. Thus, the insolvency administrator can be
seen as an agent of the creditors, and his compensation should be designed so that
the creditors’ satisfaction is maximized. Therefore, it is natural to analyse whether
optimal creditor satisfaction and no filtering failure can be achieved simultaneously
in our setting. We derive the expected creditor payoffs in the equilibria first:

—  Mistrusted liquidation (8, € (™, B,)): The firm will be liquidated for 6 <0p.
Note that the threshold value 0" is determined such that
f:P (1= p,)20d0 = f(, (1 — B4)d0. For 0 > 0", the firm will be continued.
Thus,

1

~Op
E[TIC(By, B))] :/0 (1fﬁo)d0+/9 (1 — f;)20d0 ©)

= (1= Bo)0p + (1 = ) (1 = 0p?).
— Pure strategy equilibrium (f; € [El,ﬁl)): Liquidation appears for <0 and

continuation for 0 > 0*. Thus,
1

.

EMC(By, )] = / (1 - fo)d0 + / (1 - ,)20d0

— (1= Bo)0" + (1— B)(1— 0%%).
)

— Mistrusted continuation (8, € [B;, B7**)): The threshold value 0** is determined
such that [ (1 — fo)d0 = f.(1 — )20d0 Thus,

E[T(Bo, B1)] = (8)

()

Proposition 3 defines the creditor’s payoff-maximizing compensation parameters for
u>r:

Proposition 3 Suppose that u > r. Then BO =0 and ﬁ, = ”> maximize the

2(1+
creditor’s  payoff and imply a pure  strategy eqmllbrium with
0" = (1+u1)jrrl(ll+r) € (%’ 1).
Proof See Appendix D. U

The values f; and fj, which avoid filtering failure, are intuitively appealing
because the first-order effects of the compensation parameters on the creditors’
payoff dominate. Liquidation causes no uncompensated costs, and thus, f, can be
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set equal to zero in the optimal compensation. The compensation for continuation
has to be positive and is set such that the separating equilibrium is preserved.
Several properties of Proposition 3 will be highlighted in greater detail.

1. First, the payoff-maximizing ﬁl is below the efficiency-inducing f. Thus,
maximizing the creditor’s payoff implies 6° > % and induces inefficient
liquidation. Consequently, simultaneously maximizing the creditor’s payoff and
avoiding filtering failure is impossible. Only in case of u = r optimal creditor
satisfaction and no filtering failure can be achieved simultaneously. Efficiency
losses appear for u > r and rise in u — r, as the discrepancy between the no

filtering failure threshold § and (HMI)J“W € (3, 1) increases.

2. To investigate the efficiency losses further, we analyse the distributional and
welfare implications. That is, we compare the payoffs under optimal creditor
satisfaction with a setting in which the creditor’s payoff is maximized such that
no efficiency losses (no filtering failure) are induced. The payoffs under no
filtering failure* are

~ 5 3u-—r)

> _ TIAY _
EII ]_4 2 and E[IT"]

3(u—r).

. ©)

Summing E[II] and E[IT*] yields 2. Inserting B, and f, yields the expected
monetary (without u) payoffs under optimal creditor satisfaction as
1+7r 1+r

E[M] =1 Y irw Grawteiay M

pirma) (=Nt r 43 (10)
204+ u)2+r+u)?
Summing up yields
l+r4+u+ru 5
EM +EM =14+ ———— <>, 11
[IT7] + E[IT*] rrut2’ 4 (11)

We proceed with r > u. Here, the creditor’s payoffs are the same as in Proposition
2. Proposition 4 provides the optimal compensation from the creditor’s perspective.

Proposition 4 Suppose that u<r. Foru > — % + 1/ % + r, the compensation

parameters ; =0 and f, = 0 maximize the creditor’s payoff and imply a pure
2

strategy equilibrium with 0" = 1t € (07%). If u< — %—l— %—&— r, the com-

pensation parameters 8, = 0 and B, = %j’_&;”)

and imply a pure strategy equilibrium with 0 = 2(11:;’1‘4) € (0,3).

maximize the creditor’s payoff

Proof See Appendix E. ([

4 The values Bo =0 and f; = “5* maximize the creditor’s payoff and induce no filtering failure.
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The intuition behind the optimal compensation given in Proposition 4 is as
follows: Because of the negative first-order effects of f§; on the creditor’s payoff, it
is reasonable to set §; = 0. The optimal compensation f}, depends on the difference

between u and r. For a small difference, it is reasonable to set 5, = 0. For larger

(1—u)r—u(1+u)
2(1+4r+u)

We observe properties similar to Proposition 3:

differences, f, = maximizes the creditor’s payoff.

1. The compensation does not counterbalance the insolvency administrator’s

1+u
2(1+r+u)

are below % Moreover, 0% decreases in the discrepancy between u and r, and
thus, inefficient continuation appears more frequently when the insolvency
administrator’s continuation benefits increase.

2. We can compare the creditor’s and the insolvency administrator’s monetary
payoffs under optimal creditor satisfaction and under no filtering failure. Given
no filtering failure and therefore efficient liquidation and continuation, 8, = 5*
and f; = 0 maximize the creditor’s payoff. We obtain

continuation bias, as the resulting threshold values 0" = M‘—J‘rr and 0* =

~ 5 r—u r—u
E[I°) =>— and E[IT : 12

e =2-"3 =" (12)
The total monetary payoff is E[IT¢] + E[IT'A] = 2, and no deadweight loss occurs.

Optimal creditor satisfaction for u > — % + “H) + r yields the payoffs

ENY =14+——

(r—|—u)2 and E[IT?] =0. (13)

Summing E[1] and E[[1']

( )
1(r— )2
4 (r4u)®

continuation induce a deadweight loss of

Ifu< — 1% + (Hr) + r, the optimal creditor satisfaction yields the payoffs

1 2 1 1 —u)—u’—
113 S LA Gy R, N B Gl L Ul . S
4(1+r+u) 4(14r1+u)
Summing both payoffs yields
5 r? 5
EM 4+ EMY)=>-———— <=, 15
T = I 4 drtu+t1)y 4 (15)

Inefficient liquidation and continuation induce a deadweight loss of +—7+1)

We further investigate the findings of Propositions 3 and 4 in a numerical example.
Figures 5 and 6 display the creditor’s and insolvency administrator’s expected
monetary payoff with respect to u for the optimal creditor satisfaction and the no
filtering failure scenario. The dashed lines represent the no filtering failure regime,
and the solid lines the payoffs under optimal creditor satisfaction. Both under
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Fig. 5 Expected creditor payoff
under no filtering failure (dashed
line) and optimal creditor
satisfaction f}, and f§, (solid
line) foru =0...04and r =0.2

1.25

1.24

1.23

1.22

1.21

Fig. 6 Expected monetary 0.05 /
insolvency administrator payoff /
(without # and r) under no \
filtering failure (dashed line) and oot N\ /
optimal creditor satisfaction /?0
and f, (solid line) for u =
0...04and r=0.2

0.3 0.4

optimal creditor satisfaction and no filtering failure, the expected creditor payoff in
Fig. 5 decreases in a higher discrepancy between u and r, as the insolvency
administrator must obtain a larger share of the pie. This observation is reflected in
Fig. 6, where the insolvency administrator’s (gross) payoff increases in the
discrepancy between u and r. For u > r, this result is due to his uncompensated
costs. In the case of u<r, the insolvency administrator does not earn any rent as
long the discrepancy is not too large. For higher differences, he has to earn a rent to
make liquidation sufficiently attractive.

In Fig. 7, the total monetary payoffs under the two regimes are compared. The
efficiency loss is given by the difference between the dashed and the solid curve.
Unsurprisingly, the efficiency loss increases in the discrepancy between u and r.

. . . .. N 1A
Finally, we consider the insolvency administrator’s net payoff E[II.] =

s< 2
Jy Bof ()40 + [ (510 = (1= O)u+0r)f (0)d0 = 0"y — (1 = 0)u+ "2 (B +
u + r) depicted in Fig. 8. The net payoff will be larger for u <r, as in this case, the
insolvency administrator has reputational benefits from continuing the insolvent
firm.

Motivated by the insolvency administrator compensation observed in Germany
and several other European countries, our setting was restricted to a linear contract
based on the liquidation and continuing value so far. In the following, we look how
the results change when the continuation value is the insolvency administrator’s
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Fig. 7 Expected total monetary

1250p— — — — —— — e —— e — — —— — —
payoff under no filtering failure
(dashed line) and optimal 1.249)
creditor satisfaction /;’O and /)’Al

(solid line) for u = 0...0.4 and 1.248

r=02 1.247

1.246
1.245

1.244

0.1 02 03 0.4
Fig. 8 Expected total "
insolvency administrator payoff 0,12\
(net of u) under efficient N\
compensation (dashed line) and 0.11 \\
optimal creditor satisfaction Bo 0.10 \
and fi; (solid line) for u = \
0ldots0.4 and r = 0.2 0.09 \

0.08 N\

\
0.07 \
0.06 \\ - -
— -—
X 02 03 04"

private information and, thus, not contractible. Therefore, the compensation is
restricted to fixed payments conditional on liquidation (by) and continuation (b;).
Table 1 in Appendix A shows that fixed payments as insolvency administrator
compensation are also common in several European insolvency codes.

As above, we analyse the optimal compensation from the creditor’s perspective
and the resulting filtering failure. To be short, we restrict our analysis to the pure
strategy equilibrium and skip the mixed strategy equilibria. In the pure strategy
case, the outcome will be liquidation whenever by > by — u + 0(r + u). It can be
seen that liquidation is preferred for low values of 0. The insolvency administrator is
indifferent between the two alternatives if

bo=by —u+ 0" (r+u) @0*2%. (16)
Inserting into the expected creditor’s payoff yields
E(TI€(bo, b1)) = 0°(1 — bo) + (1 — 0°2) — (1 — 0")by. (17)
The partial derivatives are
%ﬁ:uiru—bﬁbl—w*)—m (18)

and
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OE(T1€) 1 OE(II%)
=— l—by+b —20°)—(1-0")=———=
0b; u+ r< 0+ 21 )= ) 0by
From (18) and (19), it can be seen that by >0 = b} =0 and by =0 = b} >0.
Proposition 5 demonstrates the details:

—1. (19)

Proposition 5 In a pure strategy equilibrium, the following fixed compensation
payments maximize the creditor’s payoff:

(1+n)° (=wr—u(i-+u)

1. Suppose u< — %Jr 5 —+tr. Then by =0, by= D) and
0" = 1+u
2utr+1)
2 ~ ~

2. In the case of — 4"+ —(HZ) +r<u<itr,by=b; =0and 0" = ri—‘u

14r .. L r o (1=ru—r(1+4r) ¥ r42u
3. I]Cu>1—:r,b0—0,b1—mand0 —2(:_'_—':::%)
Proof See Appendix F. U

Proposition 5 shows that maximizing the creditor’s payoff through fixed
payments will also induce filtering failure, except for u = r. Basically, we observe
similar results as under linear contracts. For u <r, optimal fixed compensation

exactly resembles Proposition 4. This observation is due to the fixed compensation

R— o — : : _u 1 r+2u+1 1 :
B =b; =0 in both cases. Since e >3 and 30triD) > 5, we also obtain a

liquidation bias if # > r. However, the threshold values and also the expected payoff
to the creditors differ. Corollary 1 shows the details.

Corollary 1 Suppose u > r and insolvency administrator compensation according
to Propositions 3 and 5. Then, the resulting threshold value 0° and the expected
creditor payoff is larger under fixed compensation than under linear compensation.

Proof See Appendix G. U

Under a fixed compensation scheme, the insolvency administrator’s liquidation
incentives are stronger and filtering failure occurs more often. Moreover, the
creditor would prefer fixed over linear compensation, which is quite intuitive:
Linear compensation induces high compensation in cases where non-monetary
benefits to the insolvency administrator are large. Overall, the linear scheme is
based on more information than fixed compensation, but from the creditor’s
perspective, it does not make use of it in an optimal way.

This situation changes if continuation and liquidation values are verifiable and
contractible and contract design is not restricted. In this case, a simple compensation
scheme exists that extracts the insolvency administrator’s expected rents in the limit
and induces no filtering failure at the same time. This scheme is given by a zero
fixed payment upon liquidation (f, = 0), and a combination of fixed and variable
payments conditional on the continuing value CV(0,¢) = 20 + ¢ written as B™ +

™ CV (0, &) in the case of continuation. The fixed payment is B = u — nE,[CV (0 =

%)] =u—n and pP* = —@. The parameter n captures a sufficiently small

@ Springer



Business Research (2017) 10:159-187 177

positive (negative) payment in the case of continuation for 6 > % < %). It can be
seen that the insolvency administrators’ payoff, including uncompensated costs and
benefits, boils down to

u—n+(n—r+7”)-29_u+(u+r)9:n(29_1). 20)

If lim, — g#(20 — 1) =0 and (20 — 1) >0 < 0> 1 as long as n > 0. Of course,
this scheme works because of the risk neutrality and unlimited liability of both
parties. Moreover, the insolvency administrator’s preferences represented by u# and
r have to be observable and a verifiable and unbiased estimator of the continuation
value must be available.

The scheme presented above shows that optimal creditor satisfaction and no
filtering failure can be achieved simultaneously if the creditor and the insolvency
administrator individually negotiate the compensation contract without any
legislative constraints. However, a first best compensation scheme will generally
not be implementable by regulation because insolvency administrators differ with
respect to unverifiable uncompensated costs and benefits. Therefore, a presumably
more promising way to improve insolvency proceedings with respect to the conflict
of interest between creditors and insolvency administrator would be to control
uncompensated costs and benefits. We discuss this point in Sect. 6.

In summary, the results in this section are comparable to the second best outcome
of typical principal-agent problems. From this perspective, the interaction between
a creditor and an insolvency administrator can be seen as a setting in which the
principal hires an agent with different objectives and private information. The
creditor finds it too expensive to select a compensation for the insolvency
administrator that induces first best actions. The tension vanishes only if conflicts of
interest due to uncompensated costs and non-monetary benefits disappear.

6 Implications

The essential result in the preceding two sections states that insolvency procedures
coordinated by a better-informed insolvency administrator will never simultane-
ously achieve optimal creditor satisfaction and no filtering failure if the insolvency
administrator’s compensation is designed as typical in many insolvency codes. The
driving force behind this result is a conflict of interest between the creditor and the
better-informed insolvency administrator that originates from uncompensated costs
and non-monetary benefits. As discussed in the model description above, these
typically represent liability risks and non-monetary benefits, such as building a
valuable reputation from reorganizing and continuing the insolvent firm.

For example, liability risk arises because many decisions with a highly uncertain
future outcome must be made during the continuation. As a party with deep pockets,
creditors may sue the insolvency administrator for damage payments after an
unsuccessful reorganization, even if the administrator’s decision was reasonable at
the time it was made. Moreover, public attitude may claim higher liabilities for the
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insolvency administrator after a publicly observable continuation with bad
outcomes. The results of our paper imply that stronger liability regimes may be
counter-productive for overall welfare and the creditors’ payoff if higher liability
risks are not compensated by non-monetary benefits. Compensating higher liability
risk with increased monetary compensation in the event of a continuation may
induce efficient decisions at the cost of the creditor’s payoff.

The most important example of non-monetary benefits for an insolvency
administrator is reputational issues. Regulation has had a strong impact on the value
of reputation, as the following example shows. In 2011, the German government
implemented an insolvency law reform intended to encourage the reorganization of
insolvent firms.” Prior to the reform, the insolvency court assigned an insolvency
administrator to the insolvent firm. The court had to choose the insolvency
administrator from a list and thus had considerable leeway. Ultimately, this process
was rather obscure. Under the new law, the creditor can decide which insolvency
administrator to choose.® The reform will clearly change the value of reputation in
the event of a continuation decision. Insolvency judges might have preferences for a
reorganization of the insolvent firm because of negative public reactions to a
liquidation. Thus, they select insolvency administrators with a strong record of
reorganization. Creditors concentrate on the satisfaction of their claim and prefer an
insolvency administrator with a history of high insolvency dividends. Therefore, the
non-monetary benefit of a reorganization might have declined due to the reform.

7 Conclusion

This paper discusses the impact of the insolvency administrator on ex post
efficiency and creditor satisfaction in bankruptcy procedures. We incorporate
asymmetric information and incongruent objectives between a creditor and an
insolvency administrator into a sequential game. Our key result states that the
remuneration schemes typically used in insolvency proceedings will not allow a
compensation of the insolvency administrator that simultaneously avoids any
filtering failure and provides optimal creditor satisfaction. Optimal creditor
satisfaction will always imply false liquidation or continuation decisions due to
uncompensated costs or non-monetary benefits. The theory in this paper adds to the
literature a novel explanation for the emergence of filtering failure in insolvency
proceedings.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, dis-
tribution, and reproduction in any medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were
made.

5 “Gesetz zur weiteren Erleichterung der Sanierung von Unternehmen” (ESUG).
6 cf. Section 56a InsO.
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Appendix A: Characteristics of International Insolvency Procedures

In all selected insolvency procedures, an administrator can influence the output of
an insolvency. We excluded procedures where the result is fixed at the time of filing
for insolvency. The evaluation is based on the different insolvency codes.’

Appendix B: Proof of Proposition 1

Pure strategy equilibrium We start the proof with the pure strategy equilibrium.
Given the creditor’s equilibrium behaviour, the insolvency administrator (hence-
forth, IA) is better off under a continuation proposal if

Po+u =: 0.

<280 -1 =0u+0r & 0> ————
ﬁO— ﬁl ( ) r 2ﬁ1+u+r

(21

The creditor will accept the proposal if the following two conditions hold:

1. The creditor will follow the continuation proposal if
1 1
f(9) / f(0)
1 —fy) ———+=d0< 1—$,)20——-——d0 22)
fo-maTrgyes [ 0-moggye

holds. Reformulating yields

0" — Bo+u /31 Bo
2ﬂ1+u—|—r 1-8

(23)

_Potu ﬁ] /;0

L The relevant
2 +u+r 1-8,°

The critical value f; can be obtained by solving

solution is given by

= Bo—2u—r Bo—2u—r?* Bo(l+u+r)+u (24)
b= 4 * 16 * 2 '
Straightforward algebra shows that the condition f§; > B = Py + 4~ is equivalent

to fo<1+3 (r — u), which holds by assumption.
2. The creditor accepts the IA’s liquidation proposal if

b £(0) v £(0) v £(0)
/0 (l—ﬁo) ( )d0+/0,, (1—[31)20 ( )d9</0 (l—ﬂo)md‘) (25)

holds. For 0<0,, the IA is unwilling to continue the insolvent firm; thus, 0, is
defined by 2f,0p — (1 — Op)u + Opr =0 < 0, = 0p > 0 is satisfied for all
u > 0. Reformulating yields

H*: 180+u <17ﬁ0
20 +u+r 1 -

2[3 +u+r

— Op. (26)

7 For the Hungarian Insolvency Code, see Franks and Loranth (2013).
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Botu __ 1-P,
2§10+u+r = I—ET — Op. The relevant

The critical value ﬁl can be obtained by solving

solution is given by

(27)

5 Pl +r4u)tu—r
Lo 2+2M_ﬁ0 '

Condition B < f3] is equivalent to i, < ot \/ rou2) + u(u — r). We can show

that f,< 25+ + \/r u-2)’ + u(u —r) is dominated by By <1-+3(r—u) for all
u > r, because both condltlons are equal to By <1 for u = r. Taking the partial
derivatives of f,< 2=+ + \/r u2f E o u(u—r) yields %o > 0;% <0 for all
values of u > r. In contrast, the partial derivatives of /30<1 +§(r— u) yields

d”“ <0; dfr(’ > 0. Thus, By <1+ 32 (r — u) dominates for all u > r.

Finally, it remains to show that 0" <1 is satisfied for all admissible f,. As
0"<1 & B, > ﬁOZ",

p > Lot (28)

implies our claim. Inserting f, and rearranging yield fyr+2u > — [5(2) — 2ur,

which is true for f, € (0,1) and u,r > 0.

Mixed strategy equilibrium with mistrusted continuation First, the equilibrium
threshold value 6** is set such that the creditors are indifferent between accepting
and rejecting the IA’s continuation proposal From

b f(0) _ f(9)

we obtain

0** ﬁl ﬁ()
1—-p°
Second, the equilibrium probability p” ensures that the IA strictly prefers a liqui-

dation (continuation) proposal for 0 <( > )0™ and is indifferent between the two
alternatives at 0 = 0, which yields

Bo =0=p")Bo—K)+p 20" —(1—07)u+0"r)
K (31)

(30)

@ " = ok k% °
P=k—uro (r+u) — By + 25,0
Apparently, K > 0 ensures p" >0 and > 0 implies 0" > 25?1134%’ inducing
pr<1V > p.
The condition 0™ <1 yields 8, < % = BT, Moreover, simple algebra shows

that the interval (f,, B') is non-empty for ﬁo <.
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Mixed strategy equilibrium with mistrusted liquidation The threshold value is
obtained from

(9) - f(9) . (9)

P

(32)
Rearranging yields
1— By
0 = —0Op. (33)
=B
To be valid, 6 = 1 ﬁ ® — fp > Op has to be satisfied. Rearranging this claim yields
[fo(r+u) r4+u ., pmin

a lower bound f; > 2(0—Potu) "~ Pl

The probability p' can be obtained by equating
K
K+u—0""(r+u)+ By — 25,0

o pl=

(34)

Again, K > 0 and —— d()

To ensure the ex1stence of the claimed equilibrium, f]
established, which is true for 8, € (0, 1).

> 0 ensure p’ € (0, 1).

min

<§1 has to be

Appendix C: Proof of Proposition 2

Pure strategy equilibrium The pure strategy equilibrium can generally be derived as
in Proposition 1. The threshold value 6%, ,8_1 and ﬁ are the same.

We have to check f§; <f] and B1 > B;. Straightforward algebra shows that the

2 r+u

condition §; <f] is equivalent to ;< 2= + \/ + u(u — r), which holds

by assumption. Condition 8, > f3; 1 equlvalent to fy < 1 +3 5 (r — u), is dominated by
the former condition because 1+3(r—u)>1 -5t =20

2
2—r+ (2— r+u 2—r+ (2—r+u)*
4/ > ’“+\/ +uw—r)Vr>u

Mixed strategy equilibrium wzth mistrusted continuation The proof for the
mixed strategy equilibrium with mistrusted continuation is exactly as in
Proposition 1.

Mixed strategy equilibrium with mistrusted liquidation The proof for the mixed
strategy equilibrium with mistrusted continuation is exactly as in Proposition 1.
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Appendix D: Proof of Proposition 3

The proof consists of two steps: First, we show that f, =0 and f; = (1 H)

maximize the creditor’s payoff in the pure strategy equilibrium. In the second step,
we argue that the creditor’s payoff will never be larger in one of the mixed strategy

equilibria.
Step 1: The creditor’s payoff in the pure strategy equilibrium is given by
E[TI(By, B1)] = (1 = Bo)0" + (1 = By)(1 = 0%2). (35)
Taking the partial derivatives with respect to f3, yields
OE[ITC _ o —B)2(By +u .
and

OE[C] 00" (. (1=B)2By+w)\ . o
0B, 9B, <1 o 2B +r+u ) (=07 G37)

A sufficient condition for %/?IC] <0 can be obtained from

(1= B1)2(By +u)

1—By— >0 &
Po 2B +r+u (38)
8 >2.30+'4—”+ﬁ0(”+"): B Bo(u+ 1)
! 2(1 + u) (I+u)  2(14+u)’
Inserting ff; =, into ] > q +u> +L "((l”ju’)) = u> — fB,. Thus, the creditor’s
payoff will be maximal for f§; < llilu) + Aol llfur < f3]. Now consider a%[ﬂnoc]:
OEMT] _ o p < Ghotwtutn)—r_ fi  @htuwutr)
opy 2(1 = Bo) 1 =Py 2(1 = Bo)

(39)

Thus, f; <p| implies that f, = 0 will be optimal. We conclude that the optimal

compensation in a pure strategy equilibrium consists of f;<f] and f,=0.

aE[n ]

Inserting S, = 0 into a[ﬁ and f8; shows that <0 holds in the whole interval

P € [ﬁ17 B,). Thus, the optlmal compensation in the pure strategy equilibrium is

given by f, =0 and f, = (T The creditor’s payoff amounts to

1+u

u—r) 1_|_1—|—r 14+r o1y
- — u,r.
242u  (242u)+ (2+2r) ’

E HC(ﬁO = 07B1 =

(40)
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Step 2 It remains to show that the creditor’s payoff will not be larger in one of the
two mixed strategy equilibria. It is easy to rule out f; > B;: In this case, the payoff

(1 — By) is maximized at ff; = O but smaller than 1 + 55 — CrumsRoren] +2u§i€2 3

We also have to rule out the mixed strategy equilibrium with mistrusted

Po(r+u)+u—r  Bo(14r+u)+u—r .
212u—Fy 0 2+2u—P, ). First,

note that the interval is empty for 5, = 0, as the upper and lower bounds are equal in
this case. Second,

liquidation, which may arise for §, > 0 and f, € [

OE[IIC]
= —HP <0. (41)
by
Third, the partial derivation with respect to f3; yields
OE[IIC] a0 1—B))2
[ ]:P(1_ﬁ0_( ﬁl)”)-(l—opz). (42)
op, op, 2B +u+r
A sufficient condition for a%[/gfc] <0 can be obtained from
(1—B)2u Bolr +u) —r+u
1-fp———>0 & b, > . 43
bo o urr U T ey “3)
i : . i r+u)+u—r . in . QE[TIC
Condition (43) is most strict at ff; = " = % Inserting 7" into %[[l;l ]
QE[MC] _ (r+)(r+2u+3) . . i
shows that =57 = — 2] <0 holds in the whole interval §; € [f"", B,).
Thus, the optimal compensation in the mixed strategy equilibrium is given by
By = prin = %)j/{r and f, = &. The creditor’s payoff maximizes if ¢ — 0 and
amounts to
1 1
ENC =147 tr (44)

242u (2+42u)+(2+2r)°

The payoff of the mixed strategy and the pure strategy equilibrium are equal for
(rdu)+u—r Po(1+r4u)+u—r
24+2u—f, 24+2u—fy
pure strategy payoff will be greater for f, = ¢ >0 .

Bo =0 and an empty interval f, € [l ). Consequently, the

Appendix E: Proof of Proposition 4

Again, the proof consists of two steps:
Step 1: The creditor’s payoff in the pure strategy equilibrium is given by

E[Hc(ﬁwﬁl)] = (1_/50)0*"‘(1_/31)(1 _0*2)' (45)

Taking the partial derivatives with respect to f5; yields
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QE[MC] 00" /(1= B 2B +w)\ e
op, 9P <1 o 2B +r+u ) (=67
1

= 2B+ u)(Bor+u+2) —r4u—28010+u)) - (1-07)

(2B, +r+u)?

(46)

and

OE[ITC] 00" 1—p,)2
0By i 2B +r+u
A sufficient condition for a%[ﬂnocl <0 can be obtained from
o (L= B)2(By +u) 2(L+u)+r—u 2B, 2pu

1= 2B, +r+u <0 ho> 24+r+u 24 utr 24utr

(48)

Inserting the efficient decision compensation f, = fi; = f; + 5 into condition (48)

yields r +u > — 2[5, which holds for all »,u > 0. Thus, the creditor’s payoff will

2B, (14u)+r—u < ﬁg

be maximal for fi, < =5

Now consider a%%]]c]‘ A sufficient condition for aEa[;;lC] <0 can be obtained from
1—-Pfy— “;’;}ﬁ# > 0. At , = 0, this condition is equivalent to
(1—py)2u
——— >0 < 20,(1 > — . 49
3 Bill+u)> —r+u (49)

Thus, a%[;;llcl <0 at f, =0 for all » > u > 0. Furthermore,

CE[I] ! (4ru — 2r + 4u® + 6u — 4B, + Bo(4B, + 6r + 6u + 8))
= ru — Zr Uu u — r u
opiofy (2B +r+u) EERARS

(50)
continuously increases in f,. Therefore, aEa[EC] is most strict at §; = f;,. Inserting S,
in a%[llgc] yields —% <0, which is true for all 5, € (0,1) and r,u > 0.

Thus, f, < f; implies that §; = 0 will be optimal. We conclude that the optimal
compensation in a pure strategy equilibrium consists of f,<f; and f; =0.

Inserting §; = 0 into a%[/?oc] = 0 yields the optimal compensation in the pure strategy
equilibrium:
1 141)°
0 ifu> — ;r+ ( Zr) +r
Bo = (51)
r—u—u(r+u)
_— else.
20+ r+u)
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The creditor’s payoff amounts to

ru ) Cl+r (1+4r1)?
1+—— if u > + +r
E[NC] = (r+u)’ 2 4 (52)
1 2
l+ﬁ else

which is greater than 1 Vu,r.

Step 2 The creditor’s payoff in the mixed strategy equilibrium with mistrusted
continuation again will be smaller, as the payoff is 1 — f, < 1.

It remains to show that the creditor’s payoff in the mixed strategy equilibrium
with mistrusted liquidation does not exceed the pure strategy payoff. This may arise

for ﬁo c |:r7u+2/31(1+u) r7u+2/3](1+u)>. First

I+B+rtu ° Bi+rtu
OE[ITC
[ ]:—0p<0 Yu,r>0. (53)
9B
Thus, the optimal compensation is f; = %W Second, the partial derivative
with respect to f§; again yields
OE[IC] 0 1— B))2u
e AR e ) (54)
op, op, 2By +u+r
. ... QE[IY] .
A sufficient condition — 7 <0 can be obtained from
(1 —p,)2u r—u+2p,(1+u)
l—fy————>0 & fy< . 55
P 20, +u+r P 28, +r+u (53)
Condition (55) is most strict at f§, = %ﬁm Inserting yields 5, > — Z(’I;fu),

which is true for all §; € (0,1) and r > u. Thus, the optimized creditor’s com-

pensation in the mixed strategy equilibrium with mistrusted liquidation for 5, =

—u+28, (1 .
% and 8, = 0 yields

u(ru + r + u?)

C —
R P

(56)

which is smaller than the payoffs in the pure strategy equilibrium for all r > u.

Appendix F: Proof of Proposition 5

1. Inserting b; =0 and reformulating aEEg;C) =0 vyield by :4“*2‘(‘1)4’:1(:;%) and
0 :2(ul++rli1)' by =0 is equivalent to aEéE 9 <0. This condition yields

14r (14r)?
u< 5 + — +r.
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2. aE ) <o0. Inserting by =
by =0 and reformulating yields — % + (1“) +r<u< 1*’ r.
3. by is obtained from aEébrlIC) =0 and u > {7 from aEa(bU ) <.
Appendix G: Proof of Corollary 1
1. Suppose r<u< % r.  Comparing the critical values yields
gl ﬁf‘“ < u>r. Expected creditor payoff under fixed and linear
compensation is given by E(If) =1+ — (ufr>2 and E(TIf ) =
+ 35 — g5ty The expression E(TIG, ) — E(TIG,) > 0 is equivalent to
(u—r)2r® +uBr* +4r—1)+r +27 +r) >0 < 2r’ (57)
+u(3rt +4r — 1)+ +2r +r>0.
Solving 2ru? + u(3r* +4r — 1) + 13 +2r* +r = 0 yields
— 4y — 442 Ay — 42\ 2 43 2
M12:l 4r 4r:t I —4r—4r\" r+2r +r' (58)
’ 4r 4r 2r

The root term is negative for » € (0.1317,0.7673). In this case, the polynomial in
the second part of (57) has no real valued root, and thus, (57) must be true. Consider
r<0.1317 now. One can show that

1 —4r — 472 1—dr—4r2\> P4224r 147
" - > r (59)
4r 4r 2r 1—r
for all 0 <r<0.1317, which implies inequality (57). If r > 0.7673, then
174r74r2+ 1 —4r — 4r2 2_r3+2r2+r<r (60)
4r 4r 2r

which again implies inequality (57). Thus, E(TIS, ) — E(TTf,) > 0 must be true for
all valid u.

2. Suppose u>{*r now. Inequality zr(ﬁl;ﬂ) > s s equivalent to

2+ (14 u)r +u > 0, which is true for all u, r > 0. Expected creditor payoff

under fixed compensation is E(TI,) :miti"#. Inequality E(TIS,) —
E(TIj,

lin

) > 0 can be written as
(r+ 14+ 4+ru—r)>0 < >+ (1 +ru—r>0. (61)

The roots of u? + (1 + r)u — r are
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1 1 2
Upp = — ;r:l: ( ;r) +r. (62)

Apparently, we obtain a positive and a negative root. We can show that the positive

root —1# 4+ /(47)* 4 must be smaller than r. Since u>r, E(IIS) -
E(TIS ) > 0 is established.

lin
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