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expressions for the optimal bankruptcy boundary and the optimal coupon level. Numerical results show
that, compared with the continuous bankruptcy model, the discrete bankruptcy mechanism significantly
increases the optimal bankruptcy boundary and the optimal coupon level. While the overall impact on
firm value is relatively small, it substantially changes the distribution of value between equity and
debt: Equity value decreases by approximately 6%, whereas debt value increases by about 51%.
Furthermore, when the bankruptcy reorganization observation period extends from 0.5 years to 1.5
years, the divergence between equity and debt values becomes more pronounced. The proposed
model provides theoretical insights for corporate bankruptcy reorganization strategies, capital structure
optimization, and the pricing of corporate stocks and bonds under uncertain bankruptcy environments.
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1. Introduction

The valuation of corporate equity and debt constitutes an important foundation for investment
planning, risk management, and capital allocation. Its accuracy depends critically on an appropriate
characterization of bankruptcy timing and bankruptcy reorganization mechanisms. In modern
corporate finance practice, bankruptcy reorganization has become an important institutional
arrangement through which financially distressed firms can avoid liquidation and restore firm value,
and it has been widely observed in capital markets. For example, in the U.S. market, Hertz filed
for Chapter 11 protection in 2020 after the COVID-19 pandemic caused a sharp decline in car rental
demand and subsequently completed debt restructuring and equity conversion in 2021, returning to
profitability and relisting. In the same year, Chesapeake Energy entered bankruptcy protection due to
collapsing energy prices and later completed its reorganization through capital structure adjustment.
In 2023, Bed Bath & Beyond entered bankruptcy proceedings owing to declining sales and cash flow
pressure and maintained part of its operations through brand restructuring. Similar cases have also
occurred in China. For instance, in 2022, the Shenzhen-based retailer Xinyijia implemented bankruptcy
reorganization under court approval and resumed operations in 2023. In 2024, Zhongtian Financial
successfully emerged from financial distress after the court approved its reorganization plan and
strategic investors were introduced. In the same year, Sichuan Trust mitigated its risks and optimized
its asset structure through a bankruptcy reorganization plan. These cases indicate that, when firms face
severe financial distress, bankruptcy reorganization has become an important mechanism for restoring
operations, relieving debt pressure, and preserving firm value.

At the same time, in actual economic environments, corporate bankruptcy is often triggered by
sudden external shocks or major financial events. For example, in 2022, Revlon filed for bankruptcy
protection because of supply chain disruptions and concentrated debt maturities. In 2023, a certain
electric-vehicle start-up filed for bankruptcy and sold its core assets after the breakdown of a
key technology partnership and a funding shortage. In 2024, Zhongzhi Enterprise Group entered
bankruptcy proceedings following changes in management and the exposure of off-balance-sheet
liabilities. These cases suggest that corporate bankruptcy not only involves a continuing process of
reorganization and bargaining but also exhibits pronounced suddenness and randomness.

These real-world cases reveal that the bankruptcy process typically has two important features. On
the one hand, once bankruptcy proceedings are initiated, the firm usually enters a finite reorganization
observation period during which it attempts to restore operations and rebuild value through debt
restructuring, asset adjustment, and the redistribution of claims. On the other hand, bankruptcy is
often triggered by sudden external shocks or major financial events, so bankruptcy timing is inherently
discrete and random in practice. However, the existing literature typically focuses on only one of these
two aspects: Either bankruptcy reorganization and capital structure are studied in a continuous-time
framework, or bankruptcy timing is modeled through random jump processes. Relatively little work
has incorporated both a finite bankruptcy reorganization observation period and discrete bankruptcy
timing within a unified framework. This separated treatment limits the ability of existing models to
capture the actual bankruptcy process of firms. Therefore, developing a unified pricing framework
that simultaneously incorporates a finite bankruptcy reorganization observation period and discrete
bankruptcy timing is of considerable theoretical importance for more realistically characterizing firm
value dynamics and the pricing of equity and debt.
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Motivated by this observation, this paper develops a unified structural credit risk model in which a
finite bankruptcy reorganization observation period is combined with a Poisson jump mechanism for
discrete bankruptcy timing. Based on this framework, we establish a pricing model for corporate equity
and debt and further analyze its implications for the optimal bankruptcy boundary and the optimal
coupon level.

The main contributions of this paper are threefold. First, we incorporate both a finite bankruptcy
reorganization observation period and discrete bankruptcy timing into a unified framework and
establish a structural pricing model for corporate equity and debt; mathematically, the problem can
be formulated as a nonlinear optimal stopping problem with a penalty term. Second, by using partial
differential equation methods and Itd’s formula, we derive explicit expressions for the values of equity,
debt, and the firm as a whole and further obtain analytical solutions for the optimal bankruptcy
boundary and the optimal coupon level. Third, based on the analytical solutions, we conduct a
systematic numerical analysis of how the finite observation period and discrete bankruptcy timing
affect equity value, debt value, and the optimal bankruptcy strategy, thereby providing theoretical
implications for capital structure decisions and bankruptcy policy design.

The remainder of this paper is organized as follows: Section 2 reviews the related literature. Section
3 presents the theoretical framework and model assumptions. Section 4 analyzes firm value during
bankruptcy reorganization. Section 5 derives the pricing formulas for corporate equity and debt and
studies the optimal bankruptcy boundary and the optimal coupon level. Section 6 reports numerical
results and discusses the effects of key parameters. Section 7 concludes.

2. Literature review

From the theoretical perspective, the early literature mainly studies bankruptcy and capital structure
problems within continuous-time structural models. Fan and Sundaresan (2000) [1] were among the
first to systematically characterize strategic debt service and asset reorganization under bankruptcy
protection law, thereby laying the foundation for the pricing of corporate equity and debt under asset
reorganization. However, their model assumes an infinite bankruptcy observation period, meaning
that firms can continue reorganization bargaining indefinitely, which differs from actual bankruptcy
institutions. To capture the finite duration of reorganization in practice, Francois and Morellec
(2004) [2] extended this framework to a finite bankruptcy observation period and analyzed its effects
on capital structure and bond value. Nevertheless, both studies focus only on perpetual corporate
equity and debt and do not consider the finite-maturity case. Subsequently, under a finite bankruptcy
observation framework, Broadie and Kaya (2007) [3] employed a binomial tree approach to construct
a discrete pricing model for finite-maturity corporate claims, whereas Dai et al. (2013) [4] developed
a continuous model for finite-maturity corporate claims by using partial differential equation methods
and optimal stopping techniques.

From the empirical perspective, Gupta (2024) [5] showed that, for large U.S. firms, leverage is
significantly positively correlated with the probability of emerging from bankruptcy, highlighting
the important role of debt structure in the reorganization process. In addition, statistics reported by
S&P Global (2025) [6] indicated that approximately 62.7% of U.S. bankrupt firms in 2024 resolved
their financial distress through reorganization, reflecting the practical importance of bankruptcy
reorganization from a macro-level perspective. Moreover, Mazur (2022) [7] studied the effects of
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bankruptcy law on corporate investment decisions and found that bankruptcy institutions significantly
affect firms’ investment discipline and capital allocation behavior.

On the other hand, recent studies have increasingly paid attention to the discreteness of bankruptcy
timing. Dupuis and Wang (2002) [8] were among the first to model the timing of sudden events
faced by firms by means of a Poisson process, thereby establishing a discrete bankruptcy-time model
and providing an important theoretical basis for introducing random jump mechanisms into corporate
bankruptcy pricing. Building on this idea, subsequent studies further extended the modeling of
discrete bankruptcy timing. For example, Liang and Sun (2019) [9] examined the impact of discrete
bankruptcy triggers on credit spreads within a jump-diffusion framework. Furthermore, Palmowski et
al. (2020) [10] introduced Poisson observation times into the Leland—Toft model [11] and investigated
how limited observation frequency affects the optimal bankruptcy threshold, capital structure, and bond
value.

In summary, the existing literature has mainly developed along two separate lines: bankruptcy
reorganization mechanisms and discrete bankruptcy timing. In reality, however, the bankruptcy process
of firms often involves both features simultaneously. Therefore, simultaneously incorporating a finite
bankruptcy reorganization observation period and discrete bankruptcy timing into a unified theoretical
framework remains an important gap in the literature®.

To fill the above gap, this paper develops a unified model, within a structural credit risk framework,
that combines a finite bankruptcy reorganization observation period with a Poisson-based discrete
bankruptcy trigger mechanism. Under a strategic debt service reorganization mechanism, we establish
pricing models for corporate equity and debt. By using partial differential equation methods and It6’s
formula, we derive analytical expressions for equity and debt values and further solve for the optimal
bankruptcy boundary and the optimal coupon level, thereby providing a systematic analysis of the joint
effects of a finite reorganization observation period and discrete bankruptcy timing on corporate capital
structure and asset pricing.

3. Theoretical framework and model assumptions

To characterize the effects of a finite bankruptcy reorganization observation period and discrete
bankruptcy timing on corporate asset pricing, we establish a theoretical model within a structural credit
risk framework. This section first presents the basic assumptions of the model, then describes the
bankruptcy reorganization mechanism, and finally explains the Nash bargaining allocation between
shareholders and creditors in the reorganization state.

3.1. Model assumptions

We assume that the risk-free interest rate r is constant and that there is no arbitrage in the market.
The firm finances itself by issuing equity E and perpetual debt D. Before bankruptcy is declared,
creditors receive a coupon payment C per unit time, while the firm obtains a tax shield benefit of yC
per unit time from debt issuance, where v (0 < y < 1) denotes the proportion of tax shield generated
by one unit of coupon payment. Shareholders receive income in the form of dividends.

“To present the development of the related literature more clearly, this paper summarizes representative studies on bankruptcy
reorganization models and discrete bankruptcy-time models in Table A.1 (see Table A.1 in the Appendix).

AIMS Mathematics Volume 11, Issue 4, 9788—-9818.



9792

On the probability space (Q, F;, ¥, Q), where Q denotes the sample space, ¥ is the associated o--
algebra, Q is the equivalent martingale measure, and ¥, represents the information generated by the
market over the time interval [0, ¢], the firm value process V; follows a geometric Brownian motion:

Vi =(r—9)dt+odW, 3.1
Vi
where ¢ is the total cash payout rate of the firm, o is the volatility, and {W,},5¢ is a standard Brownian
motion.

The bankruptcy time of the firm is determined by the jump times {7, },>; of a Poisson process {N};»¢
with intensity p. These jump times correspond to critical moments at which the firm experiences
sudden events or major economic losses. At such times, shareholders are granted the option to
declare bankruptcy. The Poisson process and the Brownian motion are assumed to be independent.
Specifically,

Fi = ?_-W,t 4 ?:N,t’

where Fy, = oc(W, : s <t)and Fy, = o(Ns : s < 1).

3.2. Bankruptcy reorganization mechanism

Under the strategic debt service reorganization regime, when shareholders choose to declare
bankruptcy at a bankruptcy time 7 = T, the corresponding firm value V. represents the firm value at
the bankruptcy time and serves as the bankruptcy observation threshold. At that moment, shareholders
and creditors determine the reorganization plan according to a bargaining mechanism.

When the firm value satisfies V; < V., the firm suspends the original coupon payment C to creditors
and instead adopts a new coupon payment scheme determined through bargaining between the two
parties, until the firm value recovers to the threshold level V. and the firm resumes normal operation.

At the same time, the reorganization agreement specifies a liquidation trigger. If the firm value
V,; remains below the bankruptcy observation threshold V; for a continuous period exceeding the
observation horizon G, the firm is forced into liquidation. In the liquidation process, the asset loss
rate is @ with 0 < @ < 1. In addition, during the reorganization period when V, < V., the firm
temporarily loses the tax shield benefit and incurs a reorganization cost of ¢V, per unit time, where
0 < ¢ < @o. This parameter restriction ensures that bankruptcy reorganization can still generate a
potential net benefit for the firm.

3.3. Nash bargaining allocation

Suppose that shareholders choose to declare bankruptcy at the bankruptcy time 7 = T, at which the
firm value is V,. If the firm does not enter the reorganization procedure, it is immediately liquidated.
In the liquidation process, the asset loss rate is @, shareholders receive nothing, and creditors obtain
the liquidation payoff (1 — a)V-.

If the firm enters the bankruptcy reorganization stage, shareholders and creditors renegotiate the
allocation of the total firm value generated after bankruptcy, denoted by v(V,-; V;), according to the
Nash bargaining principle. When the firm value satisfies V < V., the equity and debt values are given
by

E(V, Vo) = 60V, Vo), D(V, Vo) = (1 = 0)u(V, - Vy), (3.2)
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where 6 denotes the shareholders’ share of the allocation.
According to the Nash bargaining principle, the optimal allocation ratio 6* is determined by

g = arg max[6v(V, ;s VOI'[(1 = O)%(V; s Vo) = (1 = a)V]'™,

which yields
g MV Vo) — (1= a)V]
Here, n € [0, 1] denotes the bargaining power of shareholders in the bankruptcy reorganization
negotiation. A larger 7 implies stronger bargaining power for shareholders, and hence a larger share of
firm value, whereas a smaller 7 implies a more advantageous position for creditors.
Moreover, since the Nash product

(3.3)

[65(V, 5 VOI'[(1 = O)#(V, 5 Vo) = (1 = a)V]'

is strictly concave in 6 over the interval (0, 1), the optimal solution is unique. Therefore, the Nash
bargaining allocation ratio 6 is uniquely determined.

4. Firm value under bankruptcy reorganization

In order to determine the payoffs received by shareholders and creditors at the bankruptcy
declaration time, we first model and solve the total firm value under the bankruptcy reorganization
regime, denoted by ¥(V; V;).

Define g, =t—sup{0<s<tr: V>V, }and B =inf{s >0: g, > G}.

Here, g, represents the length of time that the firm’s asset value has continuously remained below
the bankruptcy boundary V., prior to time ¢, and S denotes the time at which the firm is ultimately
liquidated when the condition g, = G is satisfied.

According to the strategic debt service bankruptcy reorganization mechanism, under the martingale
measure Q, for any bankruptcy declaration time 7 = T, the total firm value ¥(V,, g;; V) is given by

B
W(V,, g3 Vi) = B2 f e 6V, +¥Clyyav,y — 6ViLiv,<v,y )ds

t

4.1
+(1 = a)e PV, ‘ T,].

Equation (4.1) describes the composition of the firm’s total value. Specifically, the firm value is
equal to the sum of two discounted components: The total cash flows generated from time ¢ until the
liquidation time S and the remaining asset value at the liquidation time after accounting for liquidation
losses.

More precisely, the first component of cash flows consists of three key elements: The basic cash
flow generated by the firm’s assets per unit time, 0V; the tax shield benefit yC obtained when the asset
value satisfies V; > V; and the restructuring negotiation cost ¢V incurred when the asset value lies in
the region V; < V..

By applying Itd’s formula and the martingale method, the function ¥(V, g; V.) satisfies the following
boundary value problem P1:
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Lv(V,0; V) + oV +yC =0, V>V.,g=0, 42)
T+ LuV,g; V) +6V -V =0, 0<V<V,0<g<G. ‘
The continuity conditions at V = V, are given by
{v(vf—o,g;v»=v<v7+o,o;vf>, 0<g<G, @3
v . _ o . ’
W(V‘r - 0’ Oa VT) - W(VT + 09 09 VT)'
The boundary conditions are
lim {5(V,0; Vo) — [V + 2|} = 0,
WG Vo) =1 -a)V, V>0,
where p 5
= . 1 5 0 v -
LV, g, Vo) = EO‘ \% ET + (r — 6)VW - .

By solving the above boundary value problem P1, the analytical expression for the firm’s total value
function can be obtained as stated in the following theorem.

Theorem 1. Suppose the firm declares bankruptcy at time T and the corresponding asset value is V.
Under the strategic debt service bankruptcy reorganization mechanism, the total firm value v(V, g; V)
is given by

SV o V. V+IC+AvVh, V>V,g=0, L5
BV =1 1 v + O 9nag| L. 0<V<V,.0<g<G, ()
- Vv
where L | o
POk AP Gl LA RO
o2 207

Ll r-s 1 (r—6)2+2r
T2 2 o? o

The explicit expressions of A, h(A; V), and w(x, g) are given in (A.9), (A.2), and (A.8), respectively.
The detailed derivation can be found in the Appendix.

Combining Egs (3.2), (3.3), and (4.5), the payoffs obtained by shareholders and creditors at the
bankruptcy declaration time V = V; under bankruptcy reorganization are given by

C
(V) = n[K(G)V + y7<1 ~ BO))],

Vi (I- n)yCil - B(G)).

Y(V) =[1-nKG) + (1 - a)]

Here, K(G) and B(G) are functions determined by the bankruptcy reorganization observation period
G, which characterize the impact of the reorganization phase on the firm’s value structure. Specifically,
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K(G) represents the effective retention ratio of the firm’s asset value during the reorganization period
when the observation horizon is G. It reflects the proportion of firm value that can be preserved through
continued operations during the restructuring process.

In contrast, B(G) captures the discounted attenuation of tax shield benefits during the reorganization
observation period. When the observation period G becomes longer, the firm has more time to adjust
its assets and restructure its liabilities, which increases the recovery rate of asset value; therefore, K(G)
generally increases with G. Meanwhile, because coupon payments and tax shield benefits may be
suspended or reduced during the restructuring stage, B(G) reflects the discounted loss of tax shield
benefits in this phase.

Therefore, K(G) and B(G) jointly characterize the impact of the bankruptcy reorganization
observation period on the firm’s value structure. Together with key parameters such as the restructuring
cost ¢ and the liquidation loss rate «, they determine the allocation of firm value between shareholders
and creditors. The explicit expressions of K(G) and B(G) are given in (A.10) and (A.11) in the
Appendix.

5. Pricing of corporate equity and debt

5.1. Mathematical model and pricing formula for corporate equity

Under the basic assumptions of the model and the martingale measure Q, the pricing model for the
corporate equity value E is given by

TACO
E(V,) = max E? [ f eV +yC — C)ds + e-’<”°°—’><1>(v,)'7—7] . (5.1)
TE ¢

Let 7 = {T,T,,---,T,,---} denote the set of bankruptcy declaration times available to
shareholders. The first term on the right-hand side of Eq (5.1) represents the discounted value of
dividend payments received by shareholders, while the second term corresponds to the discounted
payoff ®(V;) obtained by shareholders when bankruptcy reorganization is declared.

Different from the traditional assumption that “shareholders may declare bankruptcy at any time”
(which implicitly implies that the shareholder value E(V;) is always no less than the bankruptcy payoft
®(V,)), in the model developed in this paper, the optimal bankruptcy time 7* must satisty

T Aoco
E(V) =E? U e OGSV +yC = C)ds + € max{O(V,.), E(V-))}
t

7:,] . (5.2)

The economic interpretation of the second term on the right-hand side of Eq (5.2) is as follows:
If the payoff from bankruptcy reorganization, ®(V.-), exceeds the current equity value E(V;-), then
shareholders will choose to declare bankruptcy reorganization at time 7*; otherwise, they will choose
to continue operating the firm. This means that at any admissible jump time 7, shareholders can obtain
at least the maximum of E(V,.) and ®(V,.).

By Itd’s formula and the dynamic programming principle, the corporate equity value E(V) satisfies

For a detailed explanation, see Theorem 2 in Dupuis and Wang (2002).
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the following boundary value problem P2:

LE + p(@®(V)—E(V)* = —(y - 1DC -6V, 0<V < oo,

%/I_I% E(V)is bounded,1 (5.3)
. _ a-DCY| =

lim [E(V) - (v + )] =0,

where
d*E(V) dE(V)
- 0)V——=—-rEV
q2 tr-oV—r .
Here, boundary condition 1 mdlcates that when the firm’s asset value approaches zero, the equity
value remains bounded and does not explode. Boundary condition 2 implies that when the firm’s asset

value is sufficiently large, the corporate debt approaches a risk-free bond with value converging to %,
o=DC l)C

LEW) = 2V2

while the equity value converges to V +

Theorem 2. The corporate equity value and the optimal bankruptcy boundary are given by

I A 0-lC oy (%), V>V 54
= _ € (- P} :
6+/;71_12(G)V + (y 1)C+Pr+;) (1-B(G)) +C, (%) 4 . V<V
poo A p+s  [CU-BG)+(-yC] 53
(1= -A) (+nr 1 - nK(G) ' .

Here, 4, is given in Theorem 1 and

1 r=6 1 r=6\ 20+p)
A== - - ,
T2 T \/(2 o? ) T

B i1 o A =nK(G))p nyC(l = B(G)) + (1 —y)C
Cl_@—ﬂl[v(l A4) T TPl (o + r)r ]
_ i o A =nK(G))p nyC(l = B(G)) + (1 —y)C
Cs = As— 44 [V (=) +0 ol (o +r)r ]

The detailed derivation is provided in the Appendix.

5.2. Mathematical model and pricing formula for corporate debt

Based on the optimal bankruptcy boundary V* obtained above, the optimal bankruptcy time can be
expressed as
=inf{T,:n>1,Vy <V}

The pricing model for the corporate debt value D is given by

T Aoco
D(V,) = E° [f e ICds + ¢TI (I{(D(Vr*)ZE(Vr*)’\P(VT*) + 1{¢(vr*)<E(vT*)}D(VT*)) '7'7] . (5.6)
t

The first term on the right-hand side of Eq (5.6) represents the discounted coupon payments received
by creditors. The economic interpretation of the second term is that, if the shareholders’ payoff
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from bankruptcy reorganization ®(V,-) exceeds the current equity value E(V.-), then shareholders
will declare bankruptcy reorganization at time 7*, and creditors will correspondingly obtain ¥(V.-);
otherwise, shareholders will continue operating the firm, in which case creditors’ continuation payoff
is D(V+).

By Itd’s formula and the dynamic programming principle, the corporate debt value D(V) satisfies
the following boundary value problem P4:

LD + p[¥(V) = DOV igi<owy = —C, 0 <V < oo,
%/irr(l) D(V) is bounded,
lim D(V) = €

P

Here, boundary condition 1 indicates that when the firm’s asset value approaches zero, the debt
value remains bounded. Boundary condition 2 implies that when the firm’s asset value is sufficiently
large, the corporate debt approaches a risk-free bond, and its value converges to g

Theorem 3. The corporate debt value is given by

bl
Cray() V>V
D(V) = pr[(l—n)K(G‘)/:(l—a,)] Crip(1-n)yC(1-B(G)) VA ’ (5.7)
p+o V + r(r+p) + C6 (W) ’ V < V .

Here, A, and A4 are given in Theorem 2 and

C, = A |C A4-1 pld-mKG)+A-a)]V" Clp(d -my( - BG)) +r]
4_/11—/14 r A p+0 rio+r) ’
C = A E_/h—l_P[(l—n)K(G)+(1—01)]V*_C[P(l—n)y(l—B(G))H]
T -l A 0+6 r(p + 1) '

The detailed derivation is given in the Appendix.

5.3. Firm value and the optimal coupon

By issuing debt, the firm obtains a tax shield benefit of yC per unit time, but at the same time, it
must pay coupon payments of C per unit time to creditors, which increases the firm’s bankruptcy risk.
Therefore, how to optimize the firm’s leverage ratio becomes a key issue. In this paper, we determine
the optimal leverage ratio by selecting the optimal coupon level C* so as to maximize the total firm
value v.

Based on Egs (5.4), (5.5), and (5.7), the explicit expression of the total firm value v(V) can be
obtained. Then, regarding v(V) as a function of the coupon C, when V > V*, the optimal coupon C*
is determined by solving % = 0. Following this line of reasoning, we summarize the result in the
following theorem.

Theorem 4. The total firm value and the optimal coupon C* are given by

1
o V+E 1 (C+C (%) V>V, 59
v = .
+p[K(G)+(1-a)] yC[r+p(1-B(G))] v\ «
i p+;r V+ i) + (C5 + Cy) (W) , V<V,
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1

1% -

PoL Ay e (5.9)
Kl er
Here, Ay, 44, Cy, C3,C4 and Cg are given in Theorems 2 and 3 and
B A1y p+6 [ny(1-B(G) - (y-1)]
1 — . : )
(I-Apd-24) (e+nr 1 —nK(G)

oAM= p {[UV(I—B(G))—(Y—I)]
) :

(=) (e 1 =nK(G)

A [A-mKG) + (1 -a)]+17K(G) -1
1 -4
The detailed derivation is provided in the Appendix.

+[1 - (1 =)y - B(G))]}-

Theorem 5. As p — oo, the analytical expressions of E(V), D(V), V*, and C* all converge to the
corresponding results in the model of Frangois and Morellec [2], that is,

lim E(V;p) = E(V), lim D(V;p) = D(V),
p—?OO p—)OO

lim V(o) = V, lim C*(p) = C.
p—00 p—0

Here, E(V), D(V), V, and C denote the corresponding pricing results in Frangois and Morellec [2],
respectively.

6. Numerical analysis and financial implications

Based on the pricing formulas for corporate equity, debt, and total firm value derived in Eqs (5.4),
(5.7), and (5.8), together with the analytical expressions for the optimal bankruptcy boundary and the
optimal coupon level in Eqgs (5.5) and (5.9), this section numerically examines the effects of key model
parameters on firm valuation and operating strategies when the firm follows the optimal bankruptcy
policy and the optimal coupon policy. In particular, we focus on the impact of the Poisson jump
intensity p on corporate equity value, debt value, and total firm value. We further investigate the
sensitivity of the model to the bankruptcy reorganization observation period G, the firm-specific risk
parameters ¢ and o, and the market interest rate r under the discrete bankruptcy-time mechanism, so as
to explore the financial implications embedded in the model. To facilitate comparison of value changes
under different scenarios, define

o _E-E , _D-D vV
E — E ) D — D ’ v — \_),

which denote the relative change ratios of corporate equity value, debt value, and total firm value,
respectively. Under the benchmark case, the model parameters are set as p = 0.05, G = 1, r =
0.04, y=0.02, 6=0.03, c =02, 7=06, ¢ =0.0l anda = 0.5 *.

#The above parameter values are chosen with reference to the typical calibration ranges used in the structural credit risk literature,
such as Leland and Toft (1996), Fan and Sundaresan (2000), and Francois and Morellec (2004).
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All numerical results reported in this section are obtained through numerical computations based
on the analytical solutions derived in the theoretical model, rather than from empirical data. The
simulations are implemented in Matlab.

First, the benchmark values of corporate equity, debt, and total firm value, as well as the optimal
bankruptcy boundary and the optimal coupon level, are computed. Then, keeping all other parameters
fixed, one-factor sensitivity analyses are performed with respect to the Poisson jump intensity, the
bankruptcy reorganization observation period, the payout ratio, volatility, and the risk-free interest
rate. The corresponding figures and tables are generated automatically in Matlab to ensure the
reproducibility of the results.

6.1. Effects of p on C*, V*, E(V), D(V), and v(V)

By comparing our results with the corresponding pricing results in Francois and Morellec (FM) [2],
we examine the effects of the jump intensity p on the firm’s operating strategy and valuation.
Figure 1 shows that the optimal bankruptcy boundary is higher than that in the FM model. Indeed,

if V* < V, then there exists an interval V* < V < V. From boundary value problem P3, one has
LE = —(y - 1)C — 6V, whereas, because V < V, one has LE < —(y — 1)C — 6V. Since lim LE = LE,

p—)OO

a contradiction arises, and hence, V* > V.

30

$=0.015
p=0.05

251

—FM

20

80 85 920 95 100
v

Figure 1. Relationship between the optimal bankruptcy boundary and the jump intensity p.

Figure 2 shows that the optimal coupon is also higher than that in the FM model. Since the optimal
coupon is chosen to maximize total firm value by balancing the interests of shareholders and creditors,
the increase in debt value implies that the corresponding optimal coupon level is also higher.
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Figure 2. Relationship between the optimal coupon and the jump intensity p.

Figures 3-5 show that introducing Poisson-type bankruptcy timing has only a limited effect on total
firm value, but it substantially affects the allocation of value between equity and debt. Compared with
the FM model, corporate equity value decreases, whereas corporate debt value increases. The reason
is that, relative to the FM framework in which shareholders may declare bankruptcy at any time, the
present model restricts shareholders to a smaller set of admissible bankruptcy times, namely only the
jump times of the Poisson process. Therefore, the optimal strategy in our model is only the optimal
strategy over a subset of the bankruptcy times available in the FM model, which leads to a reduction
in equity value. Since the effect on total firm value is relatively small, the decrease in shareholders’
claims naturally implies an increase in creditors’ claims.

90

;
=0.015

L1 S —

sof

75
w

70 [

65 [

60 [

55 . . .
80 85 90 95 100

v

Figure 3. Relationship between corporate equity value and the jump intensity p.
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Figure 4. Relationship between corporate debt value and the jump intensity p.

1056

=0.015
S ———
—— =0.65
100 .
95 -
>
90 -
85
80 ; ‘ ‘
L - p” % 100

v

Figure 5. Relationship between total firm value and the jump intensity p.

Finally, as p increases, all results gradually converge to the corresponding results in the FM model.

In Sections 6.2—-6.4 below, compared with the FM pricing results, we examine the sensitivity of the
model to various factors through the change ratios of corporate equity value, debt value, and total firm
value, denoted respectively by Pg, Pp, and P,.
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6.2. Sensitivity analysis of pricing with respect to the bankruptcy reorganization observation period

G

Figures 6-8 show that, compared with the pricing results of the FM model, the introduction of
discrete bankruptcy timing leads to a noticeable change in the firm’s value structure. Among the three
components, corporate debt value is affected the most, with its relative change ratio reaching as high
as about 51%; corporate equity value is affected to a lesser extent, with a change ratio of about 6%; the
change in total firm value is relatively small, remaining below 0.007%. These results indicate that the
change in the bankruptcy-timing mechanism primarily affects the allocation of value between equity
and debt, whereas its impact on overall firm value is relatively limited.

0.064
0.0635
G=0.5
0.063 - G=1.0
——————— G=15
0.0625 -
o 0062
0.0615
0.061 -
0.0605
0.06 : : :
80 85 90 95 100

v

Figure 6. Relationship between the relative change ratio of corporate equity value and the
bankruptcy observation period.
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Figure 7. Relationship between the relative change ratio of corporate debt value and the

bankruptcy observation period.
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Figure 8. Relationship between the relative change ratio of total firm value and the
bankruptcy observation period.

A further examination of the bankruptcy reorganization observation period G shows that all three
value change ratios increase slightly as G increases. When G rises from 0.5 to 1.5, the average change
ratio of corporate equity value increases by about 0.33%, while that of corporate debt value increases
by about 0.0028%, and the variation in total firm value remains at a relatively low level.

From a financial perspective, a longer bankruptcy reorganization observation period G provides the
firm with more time for debt restructuring and operational adjustment, thereby reducing the probability
of immediate liquidation and increasing creditors’ expected recovery rates. As a result, debt value
rises significantly. Meanwhile, although shareholders face a lower immediate bankruptcy risk, the
improvement in equity value is relatively limited because the firm must bear additional reorganization
costs and operating constraints during the restructuring stage. Overall, an extension of the bankruptcy
reorganization observation period mainly enhances the firm’s ability to mitigate financial distress,
benefiting creditors more substantially, while the changes in equity value and total firm value remain
relatively moderate.

6.3. Sensitivity analysis of the firm-specific risk factors 6 and o

Figures 9-14 show that the relative change ratios of corporate equity value P and total firm value
P, are both monotonically decreasing in 6 and o, whereas the relative change ratio of corporate debt
value Pp is monotonically increasing in ¢ and o. Numerical results indicate that when the payout
ratio ¢ increases from 0.025 to 0.035, the average change ratio of equity value decreases by about
15%, while the average change ratio of debt value increases by about 3.5%. Similarly, when the asset
volatility o rises from 0.15 to 0.25, the average change ratio of equity value decreases by about 3%,
whereas that of debt value increases by about 43%.
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Figure 9. Relationship between the relative change ratio of corporate equity value and the
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Figure 14. Relationship between the relative change ratio of total firm value and the volatility
g.
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From a financial perspective, an increase in the payout ratio 6 means that the firm allocates more
cash flow to dividends or expenditures, thereby weakening internal capital accumulation and reducing
the firm’s resilience to risk. As a consequence, shareholders become more sensitive to bankruptcy
risk, leading to a decline in equity value. At the same time, since debt cash flows are relatively
stable, creditors’ expected payoffs improve. On the other hand, a higher asset volatility o increases
the probability of bankruptcy triggers, causing shareholders to bear greater risk and thus reducing
equity value. Under a finite bankruptcy reorganization observation period, however, creditors’ expected
recovery rates rise, and debt value correspondingly increases.

6.4. Sensitivity analysis of the market factor r

Figures 15-17 show that the risk-free interest rate r has a significant effect on the relative change
ratios of corporate equity value, debt value, and total firm value. As r increases from 0.035 to 0.045,
the relative change ratio of equity value rises by about 35%, whereas that of debt value declines by
about 0.57%. This is because a higher risk-free rate changes investors’ required returns on risky assets,
making equity value more sensitive to interest-rate changes. At the same time, an increase in interest
rates reduces the discounted present value of future debt cash flows, and therefore the relative change
ratio of debt value exhibits a downward trend. As for total firm value, since equity value and debt
value move in opposite directions, there is a certain offsetting effect between them, so that the relative
change ratio of total firm value changes only moderately as r increases.
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Figure 15. Relationship between the relative change ratio of corporate equity value and the
risk-free interest rate r.
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Figure 17. Relationship between the relative change ratio of total firm value and the risk-free
interest rate r.

To present more intuitively the effects of key parameter changes on firm value, Table 1 summarizes
the quantitative results corresponding to the major parameter variations.

Table 1. Quantitative effects of key parameter changes on Pg, Pp, and P,.

Parameter interval change Relative change of Pg Relative change of Pp, Relative change of P,
G:05—-15 increase by about 0.33% increase by about 0.0028% increase by about 0.0034%
6:0.025 — 0.035 decrease by about 15% increase by about 3.5% decrease by about 0.0181%
0:0.15 - 0.25 decrease by about 3% increase by about 43% decrease by about 0.04%
r:0.035 — 0.045 increase by about 35% decrease by about 0.57% increase by about 0.04%

7. Conclusions

This paper addresses the realistic feature that corporate bankruptcy decisions are often characterized
simultaneously by a finite bankruptcy reorganization observation period and a discrete bankruptcy-
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triggering mechanism. Building on the model of Francois and Morellec (2004) [2], we extend the
assumption that firms may declare bankruptcy at any instant to the case in which bankruptcy can only
be declared at the jump times of a Poisson process with intensity p. In this way, we construct a unified
pricing model for corporate stocks and bonds that incorporates both a finite bankruptcy reorganization
observation period and discrete bankruptcy timing. Within the structural credit risk framework, we
establish mathematical pricing models for corporate equity and debt and derive explicit analytical
expressions for equity value, debt value, and total firm value by means of the dynamic programming
principle and partial differential equation methods. At the same time, explicit solutions for the optimal
bankruptcy boundary and the optimal coupon level are obtained. Furthermore, we prove that, as p —
oo, the pricing results of our model reduce to those of the continuous bankruptcy model in Frangois
and Morellec (2004).

The results show that the introduction of a discrete bankruptcy-time mechanism significantly
alters the firm’s optimal bankruptcy strategy. Compared with the FM model, the optimal bankruptcy
boundary in our model is substantially higher, and the optimal coupon level is significantly increased.
This indicates that, under discrete bankruptcy timing, shareholders face restrictions on their choice of
bankruptcy timing and therefore have a stronger incentive to trigger bankruptcy earlier and to raise the
coupon level, so as to achieve a new balance between tax shield benefits and financial risk. Numerical
results further show that the discrete bankruptcy mechanism has a relatively limited impact on total
firm value, but it significantly changes the distribution of value between equity and debt, namely,
equity value decreases while debt value increases. In addition, extending the bankruptcy reorganization
observation period G further strengthens this divergence effect and thereby increases debt value. The
sensitivity analysis also indicates that the payout ratio, asset volatility, and market interest rate all exert
significant effects on corporate asset pricing.

From an economic perspective, the present model simultaneously characterizes the finite bankruptcy
reorganization observation period and the discrete bankruptcy-time mechanism within a unified
framework, allowing it to reflect more realistically corporate bankruptcy and reorganization behavior
under financial distress. It also reveals the important influence of uncertainty in bankruptcy timing on
corporate capital structure decisions and risk allocation mechanisms. The model is particularly suitable
for studying firms with relatively high financial leverage, elevated bankruptcy risk, and the potential
for debt restructuring through reorganization procedures, such as firms in capital-intensive or cyclical
industries.

It should be noted that the present model still has certain limitations. First, the model assumes a
constant risk-free interest rate and does not take into account the effects of macroeconomic factors, such
as interest rate fluctuations or inflation changes, on corporate bankruptcy decisions and asset pricing.
Second, the model does not consider heterogeneity across firms in terms of growth opportunities, asset
structure, and operating risk. In addition, real-world bankruptcy procedures often involve multi-stage
reorganization processes, whereas this paper considers only a single-stage bankruptcy reorganization
mechanism. Future research may be extended in several directions. On the one hand, heterogeneity in
creditors’ bargaining power may be introduced so as to characterize more realistically the allocation
of interests among different types of creditors in bankruptcy reorganization. On the other hand,
reorganization costs may be modeled as random variables, making it possible to analyze the effects
of market fluctuations and firm-specific operating risks on reorganization costs and asset pricing. Such
extensions would further enhance the practical applicability of the model and provide more valuable
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decision-making references for corporate managers and investors.
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Introduce the transformation
V. _
x=1In v g=G-g, WV, g, Vo) — h(A, Vy) = e w(x, 8), (A.1)

where

vC

r
Then, on the region 0 < V < V,, 0 < g < G, the boundary value problem for ¥(V, g; V;) is

transformed into

WA, V) = Ve + — + AV, (A.2)

ow 1 ,0%w

— — _O- —

dg 2 Ox?

=[(6 - @)Vee ™ —rh(A, V)] e ™™, 0<x<oo, 0<8<G, (A.3)
w(x,0) = [(1 —a)V.e™™ — h(A, V)] e ™, (A4)
w(0,8) =0, (A.5)
lir% "’ law(x,G) + w = (Ve + AL, V), (A.6)
X! X
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with 2 2
r-o-% b (r-6—-%)?
“ ’ - 202 ’
Denote _
O(x, 8:A V) = [(5 - $)Ve ™ — rh(A, V‘r)] e—ax—hg’

T A V) =[(1 —a)Vee™ = h(A, V)] e ™.
By the method of images, define the odd extensions of ®(x, g; A, V;) and Y'(x; A, V) as follows:

[(6 — ¢)Vee™ — rh(A, V)le "8, x>0,

g Vo) = { (6 - Ve - rh(A, Vo)le™ ", x <0,

[(1I—a)Vee™ = WA, V)le™™, x>0,
—[(1 = @)V.e* = h(A, V;)]e™, x<0.

Therefore, the boundary value problems (A.3)—(A.6) are reduced to the standard Cauchy problem:

{8w 1 ,0w

T(x;A, V) = {

- T X _:® ’_;A’VTa R’ OS_ G’
g 27 o - oAV xe § <

w(x,0) = T(x;A, Vo), x €R.

Using g = G — g and Poisson’s formula, we obtain

_ (=872
e %G9

-0 0 +21(G - g)
(¢

G +00 e— 202Gi-2) _
+ f O, G -1 A, V) dg dn. (A7)
g _

o 027107 - )

After calculation, w(x, g) can be expressed as

+00

w(x, g) = T(&;A, V) dE

w(x,g) =Vl —a)[Mi(x,8,G,a+1)—M(-x,8,G,a+1)]
—h(A; V)IM(x,8,G,a) — M(-x,8,G,a)]

G
+ V(6 — ¢)f (M(x,g;8,a+1)—M(—x,g;8,a+ 1)]dg (A.8)
gG
- A Vo) [ M. = M (-
g
where

2
M (x, g; &, a) = e—xa+x220—2(§:_g)N(X —aoc (‘f — g)) e_b(G_g)’

oVE-g

252 2eP¢
Ms(a,G) = =2 T CaN(—ao VG) + ,
o \V2nG
_4a 2b+aa? ao
Mi(a,G) = ————— T~ ON(- G) — N0 N(V=2bG) — N(O
3(a,G) 2b+a202[e (—ac VG) T (V=2bG) — N(0))
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N(V=2bG) - N(O
J\/_[( )= N©O),

N(x)—\/_f e_7d§

Then, from (A.6) and (A.8), the undetermined constant A can be obtained as

- {¢M3(a + LGV, + ab(a+ 1.6V, + LMo G) + rMs(a. G)]} /
; (A.9)

{[Mx(a,G) + rMs(a, G) — L, T} (V).
Finally, from
WV, 8 Vo) = h(A; Vo) + e 0w(x, g)

_n Yz
=In 3+

we obtain the expression of ¥ on the region 0 < V < V,,0 < g < G. This completes the proof of
Theorem 1.
Expressions of K(G) and B(G)

Since

Y(Vo) = A =mo(Ve,0; Vo) + (1 — )V,

combining these with the expression of firm value after bankruptcy in (4.5), we have

{cb(va = n[P(Ve, 0, Vo) = (1 — ) Vi],

C
(V) = 1 [K(G)v + 220 -B@G))|.

and
1 —n)yC( - B(G
Y(V) = [(1 - pKG) + (1 —a)] V + (4 =my i @)
Here,
_ —{¢pMs(a+1,G) + aMy(a + 1,G))
KO = e +hac -1 % (A.10)
 [My(@,G) + rMy(a,G)]
BG) = My(a,G) + rMs(a,G) — A, (A-11)
Proof of Theorem 2:

Assume that E(V) — ®O(V) is strictly increasing in V. Then, there exists a unique V* such that
EWV) > oV)forV > V", E(V) < ®(V) for V < V*, and E(V) = ®(V) for V = V*. Under this
assumption, boundary value problem P2 is reduced to the following problem P3:

{[:E:—(y—l)c—csv, V>V
LE+p(@V)-EWV)=-(y-1)C-06V, V<V~
%/iil}) E(V) is bounded,

lim [E(V) - (V + 252)| = 0,

hm E(V)= lim E(V)

Vo V0 Vo V0
lim dE(YV) _ li dE(V)
V—y*t0 av V—Vy*0 av >
lim dPE(V) N dzE(V).
yoywo AV yoyeo dV?
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The last matching condition is the second-order smooth-fit condition, which is used to determine the
optimal bankruptcy boundary.

Solving the above system of ordinary differential equations together with the two boundary
conditions, we obtain the general expression

e VAt
V+u+C1(—) : V>V,
E(V) = r Ve 2
0+ pnK(G) r(y = DC + pnyC(1 — B(G)) Vo
v ca(L) e
p+o r(r+p) v

where C, and C; are undetermined constants and

/14:l_r—6+ \/(l_ r—5)2+2(r+p).

2 o2 2 o2 o2

Using the continuity conditions

Iim E(V)= lim E(V),
V—y*0

qu*JrO
. dE(V) ) dE(V)
lim —— = lim ———,
vy dV vove=o  dV
we obtain
. (1 —nK(G))p nyC( - B(G)) + (1 —y)C
= 1 -Ay)— A
C = [V( e TPl o +r :
1 -nK(G C(1 - B(G 1-y)C
Cs = Vil — K ))p+p/11”7 1-BG)+dA=-yC|
As — A4 +0 (p+l")l"

Then, by the second-order smooth-fit condition

lim CEY) = lim dE(V)
voveo  dV2 yoyeo dV2

the explicit expression of V* is obtained as

- Ay p+d nyCd -B(G)+d-yC
(I -4)1-A) (p+r)r 1 —nK(G)
It remains to verify that E(V) — ®(V) is strictly increasing in V.
For V > V*,
d[E(V) — D(V)] ( )M—‘ 1
=1-nK(G)+CiA4 | — —,
v nkK(G) 1\ ye v
d’[E(V) — ®(V)] Vi
=Ci4(4 -1 (—) .
a2 141 (A ) Ve V2
Using the expressions of C; and V*, C; can be rewritten as
o= A p[myC( - B(G)) + (1 —y)C]
1= .
(Ag = A1 = 4y) r(r+p)
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Since 4; <0, 4, > 1,and 0 < B(G) < 1, we have C; > 0, and therefore

IIE(V) = (V)]

T > 0.
Moreover,
d[E(V) - DV 1 V(1 - nK(G Cia
EWD =W _ | ks ooy = VIZ0KG) + Ciy
av V=y~ 1% %
A Ay A -1 nyC(1 —BG)+ ({1 -y)C 1
= Jo, -0 — > 0.
(IT=-A)As =D [ 44— 4 r(r +p) &
d’[E(V) — DV
Together with LEC d)V2 W > (, this implies that
d _
LE(V) — ®(V)] >0 for V> V™.
av
For V < V*,
d[E(V)-®(V)] 61 - nK(G)) vkt
= + C3, (—) —.
av p+0 % %
Using the expressions of C5 and V*, we further obtain
_ 4 p[nyC(1 - B(G)) + (1 - y)C]
Cs = > 0.
(A = A = Ay) r(r +p)

Since 0 < K(G) < 1, it follows directly that

dlE(V) — ®(V)]
dv

0.

Finally, one can verify that

_mCd -BG)+dA -y)C _
r+p

0,

Im[E(V) — (V)] =
Am [E(V) = &(V)] — oo,

which ensures that 0 < V* < +o00. This completes the proof of Theorem 2.
Proof of Theorem 3:

Based on boundary value problem P4, from the system of ordinary differential equations satisfied
by the debt value D(V) together with the two boundary conditions, the general expression of D(V) is

A
g+C4(%) s VZV*,
DVI=1 o1 = K@) + (1 = )]V L Clrtp -y -BG)] . (K)M V<V
p+o r(r+p) v

Here, C4 and C¢ are undetermined constants.
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Using the matching conditions

lim D(V)= 1lim D(V),
V-V*+0 V—-V*—0
dD(V) . dD(V)

vovs0 dV veveo dv
we obtain
oM [C_ =1 pld-nKG+ -]V Clr+p(l=ny(l - BG)]
4 /7.1—/14 r /l4 p+($ r(p+r) ’
oA [C_ =1 pld-nKG) +(=a)] V' _Clr+p(l =yl - BG)]
“TAh-A|r A p+6 r(p +r) '
Thus, the proof of Theorem 3 is complete.
Proof of Theorem 4:

From (5.4), (5.5), and (5.7), the explicit expression of total firm value v(V) in (5.8) follows directly.
We now focus on the derivation of the optimal coupon C*.

For V > V*,
av:
oV;C) vy ( 14 )Al d(Cy + Cy) dC
==+(—= _ - A—=1.
ac 5\ ac Gty
From the expressions of Cy, C4 and V*, we obtain
[ny(1 - BG) - (y - D]
1 1 - nK(G)
C, +Cy) = 4 ClAa[1-pKG)+(-a)]+1nKG)-1 .
( 1+ 4) (11_/14)@_'_”)’”,0 1[( 77) ( )1(/1 )] n ( ) "
-4
[1 -1 -my( - B(G))]
Let V* = K,C. Noting that
diCi+Cq) (C1+Cy) avs K‘
ac ~  C ac — C’
we have
av*
d(C; + Cy) dc (Cy +Cy)
_ At o)L= _ g
0C (Cr + CAy Ve (I-2y) C 2
where
A p+6 [my(1-BG) - (-1
(I=A)( =) (e+nr 1 —nK(G) ’

A=) p {[UV(I—B(G))—(y—l)]
2

T - ) 1 - nK(G)
A, [(1 = pK(G) + (1 - )] +7K(G) - 1
1-4

+[1 - (1 =)yl - B(G))]}-
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ov(V;C)
oC

Setting = (, we obtain

aCc r

owV;C) vy Vv
K,C

A
+ —) K, =0.

Hence, the expression of C* in (5.9) follows. This completes the proof of Theorem 4.

Proof of Theorem 5:
(i) As p — oo, we have A4 — oo. From the expression of V* in (5.5), it follows that

—A4 1 pyC[1-B(G)]-(y-1DC

lim V*(p) =
Hm VY =TTy - 1K(G)
Define
Mya+1,G oMz(a+1,G)+ M>(a+ 1,G
Ci(G) = 2(a ) ’ Cy(G) = 3(a ) 2(a ).
Ms(a,G) + rM3(a,G) — A4 M,(a,G) + rM;(a,G) —

Using (A.10), K(G) can be written as

K(G) =a[l -Ci(G)] - ? [C2(G) — C1(G)].
Therefore,
lim V*(p) =V
p—)DO

(i) As p — 00, 4 — oo and V* — V. Using (5.4), for V > V*, we obtain

p— V r r
o (V" v\t Cca - _ yC[1 - BG)]

:v—v(‘f/) —[1—(‘7) ( 7)+n[1r<(G)v rell— )](
B B V/h V/ll C(l—’y) V,ll
=) | [ )

where o U B
R(G)=a[l -Ci(G)]V - 5 [C2(G) — C1(G)]V + —

Hence,

lim E(V;p) = E(V).
pA)DO
For V < V*, since A4 — oo, we have C; — 0, and it is easy to verify that

lim E(V;p) = E(V).
p—)oo

(iii) As p — o0, A4 — o0 and V* — V. Using (5.7), for V > V*, we obtain

AIMS Mathematics Volume 11, Issue 4, 9788—-9818.



9817

+ (1 - a/)\_/(‘z/)A1

[ vy
tim 20 = 21~ (7)
4 E{(l - K@) [ny(1 - BG) - (y = D]

1=, r 1 — nK(G)
A —1)(Vyh
+ (L= - BG) - 21 }(;)

A1

-< [1 _ (%)A F(1- a)v(g)ll +1-RG)(3) -

Therefore,

lim D(V;p) = D(V).
p—}OO
For V < V*, since A4 — oo, we have C¢ — 0, and thus

lim D(V; p) = D(V).
p—?OO

(iv) As p — o0, 44 — oo. Using the expression of C* in (5.9), after calculation, we obtain

O 1-4) r[nK(G) — 1]
pn O A y(I-BG)-(y-1)
[y (1= B@G)) = (¥ = D] - {4, [(1 - DK(G) + (1 — )] + nK(G) - 1
{ y (1 - nK(G))
L =nK(G) - - 4) [1-(1-ny(- B(G))]}fl
y (1 = nK(G))

A=) r[pKG) - 1]
L (=BG - (- 1)
. {(1 ~ WBGH(1 = nK(G)) = hilny(1 = BG)) = (y = Dl(@ - K(G))}M

=V

y(1 = nK(G))

_ . “4 1 1-y(-n(-BGY |

= V=) {B(G)[l—/ll e 1 - 7K (G) ]
F = 1 1=y(1=p1-BG)|™ v
?[1—11'?' s ] (a—K(G))} =C.

This completes the proof of Theorem 5.
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Table A.1. Review of the literature on bankruptcy reorganization and bankruptcy timing.

Reference Main content Reorganization Bankruptcy timing Both reorganization and
discreteness
Reorganization-related studies
Fan & Sundaresan Develops a strategic debt service model v (infinite) Continuous X
(2000) with asset reorganization and an infinite
bankruptcy observation period, highlighting
the role of reorganization in capital structure
decisions.
Francois & Morellec  Introduces a finite bankruptcy observation v (finite) Continuous X
(2004) period into capital structure models and
shows its significant impact on optimal capital
structure and bond valuation.
Broadie & Kaya Applies a binomial tree framework to analyze v (finite) Continuous X
(2007) the impact of bankruptcy reorganization
on credit spreads and corporate security
valuation.
Dai et al. (2013) Uses PDE and optimal stopping methods to v (finite) Continuous X
study corporate stock and bond pricing under
a finite bankruptcy observation period.
Gupta (2024) Empirically studies the relationship between v (finite) Continuous X
leverage and successful emergence from
bankruptcy among large U.S. firms.
S&P Global (2025) Analyzes U.S. corporate bankruptcies in v (finite) Continuous X
2024 and reports that 62.7% of firms chose
reorganization, the highest level in the 21st
century.
Discreteness-related studies
Dupuis & Wang Introduces a Poisson-process framework X Discrete (Poisson jumps) X
(2002) to model bankruptcy occurring at discrete
random times.
Liang & Sun (2019) Models discrete bankruptcy triggers using X Discrete (jump diffusion) X
a jump-diffusion framework and shows
that jump risk significantly increases credit
spreads.
Palmowski et al. Introduces Poisson observation times into X Discrete (Poisson observation) X
(2020) the Leland-Toft framework and studies their
effects on bankruptcy thresholds and capital
structure.
Mazur (2022) Uses a discrete choice model to examine X Discrete (Poisson jumps) X

the impact of bankruptcy law on corporate
investment behavior.

AR

>

AIMS Mathematics

MS AJMS Press

©2026 the Author(s), licensee AIMS Press. This

1S an

open

access article distributed under the
terms of the Creative Commons Attribution License

(https://creativecommons.org/licenses/by/4.0)

Volume 11, Issue 4, 9788-9818.


https://creativecommons.org/licenses/by/4.0

	Introduction
	Literature review
	Theoretical framework and model assumptions
	Model assumptions
	Bankruptcy reorganization mechanism
	Nash bargaining allocation

	Firm value under bankruptcy reorganization
	Pricing of corporate equity and debt
	Mathematical model and pricing formula for corporate equity
	Mathematical model and pricing formula for corporate debt
	Firm value and the optimal coupon

	Numerical analysis and financial implications
	Effects of  on C*, V*, E(V), D(V), and v(V)
	Sensitivity analysis of pricing with respect to the bankruptcy reorganization observation period G
	Sensitivity analysis of the firm-specific risk factors  and 
	Sensitivity analysis of the market factor r

	Conclusions
	Appendix

