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Abstract
This paper introduces an integrated asset-liability management model that allows for the joint quantitative
analysis of capital structure choices, pension fund allocation decisions and rational pricing of liabilities.
We confirm that capital structure decisions have a substantial impact on the value of pension claims,
and we provide a quantitative assessment of the mispricing induced by the use of an arbitrary regulatory
discount rate. We also present a quantitative assessment of the asset substitution effect implied by a
change in the pension fund allocation to risky assets taking place after the corporate and pension obliga-
tion claims have been issued.
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Since the passage of the Employee Retirement Income Security Act (ERISA) in 1974, corporate pen-
sion liabilities have become part of corporate liabilities, so that beneficiaries can in principle use the
firm assets to cover any deficit with respect to accrued liabilities in case of termination of a pension
plan. However, the practice of reporting pension liabilities at their historical value prevented benefi-
ciaries and shareholders of the sponsor companies to correctly assess the impact of changes in market
and credit risk factors on the value of the pension obligation. The situation is changing with the
enforcement of international accounting standards SFAS 87.44 and IAS19.78, which recommend
that pension obligations be valued on the basis of a discount rate equal to the market yield on AA
corporate bonds, but this approach is still not fully satisfactory because it prescribes the use of the
same market rate to discount all pension liabilities regardless of the sponsor credit rating, pension
funding situations and asset allocation policy.

This paper introduces a formal model for the joint pricing of corporate bonds, equities and pension
liabilities, viewed as contingent claims written on the operating assets of the firm and the financial
assets held by the pension fund, in the spirit of the corporate debt model of Merton (1974).
Despite its stylized nature, it can take into account a variety of factors. We include the tax advantage
to debt and the bankruptcy costs, which have been long been recognized as important in the literature
on corporate capital structure, and we discuss the impacts of surplus sharing rules between pensioners
and other stakeholders and of the presence or the absence of the Pension Benefit Guaranty
Corporation. It is important to stress that the goal of such a stylized model is not to generate quan-
titative recommendations that could be applied to actual pension funds, but instead to provide insights
on how the various decisions made by the sponsor and the pension fund can impact the no-arbitrage
values of claims issued by these entities.

In this regard, our paper is related to several strands of the literature. The first body of papers has
focused on optimal portfolio choice in the presence of liabilities, but has abstracted away from the
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presence of the sponsor, although it can make up, at least partly, for deficits (Merton, 1993;
Sundaresan and Zapatero, 1997; Rudolf and Ziemba, 2004; van Binsbergen and Brandt, 2007;
Detemple and Rindisbacher, 2008; Martellini and Milhau, 2012). The second strand to which our
paper is related includes papers that have studied the pension fund problem from a corporate finance
perspective (Sharpe, 1976; Treynor, 1977; Black, 1980; Tepper, 1981; Harrison and Sharpe, 1983;
Bicksler and Chen, 1985; Bodie, 1990; Scherer, 2005; Kocken, 2009), but, with the exception of
Harrison and Sharpe (1983), were cast in a one-period model and did not conduct a formal analysis
of the dependence between the aforementioned decisions and the rational pricing of liabilities. A com-
mon feature of most of these models is that they predict extremal solutions to the optimal pension
funding and investment policy problems involving either funding as little as possible and using allo-
cation decisions to maximize default risk so as to take advantage of the insurance provided by the
nation-wide pension guarantee fund if it exists (Sharpe, 1976), or funding to the greatest extent
and investing fully in safe liability-matching assets to capture the preferential treatment of pension
plans under current tax law (Black, 1980; Tepper, 1981). Harrison and Sharpe (1983) also obtain cor-
ner solutions in pension funding and investment strategies while simultaneously taking into account
the tax and insurance effects, depending on whether the insurance or the tax effect dominates. One
exception is Bicksler and Chen (1985), who show that interior solutions could exist in the presence
of frictions such as pension termination costs and progressive and asymmetric corporate income
tax structure. Finally, our paper is related to the literature on the rational valuation of liability streams.
Sundaresan and Zapatero (1997) also provide a valuation formula for liability obligations, but without
taking into account default risk. Lucas and Zeldes (2006) focus on the pricing of market risks in liabil-
ities (in particular, the pricing of uncertainty in earning growth), while we also price the credit risk
component, which turns out to be sizable. The paper by Inkmann et al. (2017) is closely related to
ours in that it also introduces an ‘integrated asset-liability management’ framework where pension
liabilities are part of corporate liabilities, the sponsor’s assets and pension assets are modeled separ-
ately and the fair value of liabilities depends on both. It also calculates an endogenous discount
rate that reflects the funding ability of the pension plan and its sponsoring company, and therefore
implicitly depends on the chosen asset allocation. But the pension plan is less integrated with the
sponsor in our framework than in theirs because we allow for the possibility that pension surpluses
are shared between equity holders and pensioners, as opposed to being returned in full to the sponsor.
Another difference is that we explicitly model the default of the sponsor, as Merton (1974), and we
take into account the bankruptcy costs that are associated with default. Overall, we recover many
insights presented by Inkmann et al. (2017) in a simpler framework, thus emphasizing the robustness
of these insights. The most substantial marginal contribution of our paper with respect to theirs is
perhaps to show that surplus sharing rules can be used to mitigate the conflicts of interest between
pension plan members and shareholders.

Our paper thus contributes to the literature on pension economics by valuing pension liabilities as
defaultable claims issued by the sponsor company to workers and pensioners. Our results also have
several micro implications, for the managers of firms and pension funds, and macro implications,
for pension fund regulators. On the macro side, we find that the fair liability value is a decreasing func-
tion of the sponsor’s leverage ratio, so that discount rates for liabilities should take into account the
whole firm’s financial situation. Regulatory valuation based on a uniform discount rate for all firms
may underestimate or overestimate the fair value depending on the sponsor’s financial health. On
the micro side, we find that equity value depends on the funding status of the pension plan, thereby
providing a potential explanation to the empirical findings showing that this status is reflected in
equity prices (Franzoni and Marin, 2006; Jin et al., 2006; Picconi, 2006) and credit spreads (Martin
and Henderson, 1983; Carroll and Niehaus, 1998). We also find that a greater funding level has a posi-
tive impact on the firm’s credit ratings. Regarding the effect of investment decisions in the pension
fund, we find that a more aggressive investment policy has a positive effect on equity value but a nega-
tive one on pension claim value, at least if pension surpluses go to equity holders and the returns on
pension assets are positively correlated with the firm’s operating value: this is an example of asset
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substitution in the sense of Jensen and Meckling (1976). An optimal level of risk taking from pen-
sioners’ perspective may exist, on the other hand, if the correlation is negative.1 In general, shareholders
and pensioners can disagree on the optimal degree of risk taking by the pension fund, since a more risky
investment strategy raises the likelihood of a partial recovery of pension claims, while it allows share-
holders to reduce the burden on contributions needed to meet expected pension payments.

In the rest of the paper, we first present our integrated asset-liability management model, and we
then present the results of comparative static analysis conducted with respect to capital structure,
investment policy and pension funding decisions. The last section of the paper concludes.

1. The model

Our model extends Merton (1974) by introducing the assets and liabilities of a defined-benefit pension
fund. Assets are a new state variable, which adds to the firm’s asset value in Merton’s model, and liabil-
ities can be regarded as a form of debt partially secured by the assets of the pension fund and its sponsor.

1.1 State variables

Uncertainty in the economy is represented by a standard probability space (V, A, Q), where A is a
sigma-algebra on Ω and ℚ is a probability measure on (V, A). ℚ is interpreted as the pricing measure,
or risk-neutral measure, which means that the market price of a replicable payoff is equal to the expected
discounted value of this payoff. The interest rate r is assumed to be constant. Following Merton (1974),
we assume that all payments made by the firm or the pension fund occur at a future date T.

At the initial date (date 0), the initial owners of the firm divide an initial capital x among the
industrial projects of the firm and the financial assets of the pension fund. The amounts of
money respectively allocated to these projects are denoted with V0 and A0. We assume that any con-
tribution made to the pension fund is tax-deductible, which means that the real cost for the sponsor
of a contribution A0 is (1 − θ) A0, where θ denotes the corporate tax rate.2 We will thus impose the
budget constraint

(1− u)A0 + V0 = x. (1)
The operating assets of the firm have an after-tax unlevered value denoted with V, which follows a

Geometric Brownian motion:

dVt = Vt[rdt + sV dzVt],

where zV is a standard Wiener process. This firm issues fixed-rate debt with face value D and maturity T.
The defined-benefit pension fund is committed to make a fixed payment L at date T to pensioners.

Its initial assets A0 are invested in a risky asset S, which can be thought of as some policy portfolio, and
in the cash account B. A fixed-mix allocation to these assets is maintained, with the weight ω in the
risky asset. Under the risk-neutral probability measure, S and B evolve as:

dSt
St

= rdt + sSdzSt ,
dBt

Bt
= rdt,

where zS is another Wiener process, with a correlation coefficient ρ with zV.

1The empirical analysis conducted by Rauh (2009) suggests that risk management incentives to avoid costly bankruptcy
dominate risk shifting (asset substitution motives) on average in pension fund investing. Our paper provides a normative
framework for the quantitative analysis of the comparative impact of risk management motives versus asset substitution
motives on shareholder wealth.

2The tax deductibility of pension contributions is only an advantage from the sponsor’s perspective. From the perspective
of the beneficiaries of the pension fund (workers and retirees), there is no advantage to pensions over wages, unless they are
taxed at a lower rate.
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Because the interest rate is constant, the cash account plays the role of a perfect liability-hedging
portfolio, so the fixed-mix strategy can be regarded as a liability-driven investing strategy that com-
bines a performance-seeking portfolio and a liability-hedging portfolio. A straightforward application
of Ito’s lemma shows that the terminal value of pension assets is

AT = A0e
r−v2s2

S
2

( )
T+vsSzST

.

The choice of a fixed-mix policy is done for parsimony, in order to have a single parameter describ-
ing the riskiness of the strategy, but the model can accommodate arbitrary investment policies.

1.2 Payoffs to stakeholders

The economic agents that we consider in this paper are those who hold claims written on the assets of
the firm and possibly on those of the pension fund:

• the beneficiaries of the pension plan (collection of workers and retirees of the sponsor firm),3

• the equity holders (or shareholders) of the sponsor company,
• the holders of bonds issued by the sponsor company.

Following Merton (1974), we assume that default can only be triggered at time T. A pension contract is
a collateralized form of debt held by the pensioners of the firm, where the pension fund assets serve as
a collateral. In case the pension fund is insolvent (AT < L), the sponsor is called to make a contribution
L−AT, which is only paid if the sponsor can absorb it, that is if the operating assets VT are sufficient to
cover the deficit: in this case, pensioners receive L as promised; otherwise default is triggered.4 In the
opposite case, where the pension fund enjoys a surplus (AT > L), this surplus is shared between equity
holders and pensioners, with the former receiving a fraction γ of the after-tax surplus.5 That said, sur-
plus sharing rules in various countries are very complex, and negative contributions rarely take place
in practice, so that the usual answer to a situation of overfunding of a pension plan is a ‘contribution
holiday’ for the sponsor. For these reasons, we have taken 1 as the base-case value for γ, but we also
discuss the implications of taking γ equal to 0, that is of keeping all surpluses within the fund.

Equity holders are responsible for paying back debt, and they receive the aggregate asset of the firm and
pension fund AT +VT, net of the payments to pensioners and bondholders if the firm does not default at
time T. If the firm defaults, they receive nothing. They are also entitled to the total tax savings at time T,
equal to the sum of tax saving on interest payments and tax saving on contribution from the sponsor.
Formally, these tax savings are respectively expressed as θ(D−Dp) and θ(L−AT)

+, where Dp =De−rT is
the present value at time 0 of the promised repayment to bondholders.

We now summarize the payoffs to each group of claim holders at time T, in the various states of the
world. For notational concision, we let

CT = (AT − L)+

denote the pension surplus.

3While workers and retirees have in principle different characteristics, and possibly different interests, we do not model
them independently in this paper.

4In the terminology of Klein (1996) and Broeders (2010), the pension fund holds a ‘vulnerable put’ written on the assets of
the firm.

5Surpluses returned to the sponsor can be subject to a taxation, which is a disincentive for the construction of exceedingly
large surpluses. We analyze the effect of this ‘reversion tax’ in the online appendix.
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(I) If AT + VT≥ L +D, equity holders receive a positive payoff if debt is redeemed in full.

(1) If AT≥ L and VT≥D, the firm pays D to debtholders, and pensioners receive L + (1− γ)
CT, that is the promised payoff L plus a fraction 1− γ of pension fund surplus. Equity
holders receive the remaining assets of the firm plus the remaining part of the surplus
and the tax shield. The payoff to them is thus VT−D + γCT + θ(D−Dp);

(2) If AT≥ L and VT <D, pensioners still receive L + (1− γ)CT. Default can be avoided if VT +
γCT≥D, in which case bondholders receive D and equity holders get VT−D + γCT + θ(D
−Dp). Otherwise, bankruptcy is triggered, entailing a loss αVT to third parties under the
form of bankruptcy costs. Bondholders receive the proceeds of the liquidation, (1− α)VT,
plus the fraction γ of the surplus, and equity holders receive nothing;

(3) If AT < L and VT≥D, the sponsor company makes a final additional contribution L− AT

to the pension plan so that pensioners can receive the promised payment L. Bondholders
also receive the promised payment D and equity holders receive the remaining asset of the
firm plus the tax shield, AT + VT− L−D + θ(D−Dp) + θ(L−AT).

(II) If AT +VT < L +D, equity holders receive nothing.

(1) When AT < L and VT <D, both the firm and the pension fund default on their obligations.
Pensioners receive the totality of the pension assets (due to the collateralized nature of
pension obligations) plus some fraction q of the proceeds (1− α)VT of the liquidation
of the firm’s assets, after bankruptcy costs. Assuming equal seniority between bondholders
and pensioners, q must be equal to L−AT

D+L−AT
.6 In other words, both pensioners and debt-

holders receive an amount proportional to the remaining amount which is due to them
before liquidation (L− AT for pensioners, and D for bondholders). Pensioners thus receive
AT + q(1− α)VT, and bondholders are paid (1− q)(1− α)VT.

(2) If AT≥ L and VT <D, pensioners receive L + (1− γ)CT. The amount available for debt pay-
ment is VT + γCT, which is strictly less than D. Hence default is triggered: bondholders get
(1− α)VT + γCT, and equity holders receive nothing.

(3) If AT < L and VT≥D, the firm defaults, so bondholders receive (1− q)(1− α)VT and
pensioners receive AT + q(1− α)VT.

7

These payoffs can be formally written using the indicator function of a subset of Ω, denoted as 1:

LT = L 1 AT+VT≥L+D{ } + 1{AT≥L,AT+VT,L+D}
[ ]+ AT + q 1− a( )VT

[ ]
1{AT,L,AT+VT,L+D}

+ 1− g
( )

CT . (2)

DT = D1 AT+VT≥L+D,VT+gCT≥D{ } + 1− q
( )

1− a( )VT1{AT+VT,L+D,AT,L}

+ 1− a( )VT + gCT[ ]1{AT≥L,VT+gCT,D}. (3)

ET = VT − D+ gCT − 1− u( ) L− AT( )+ + u D− Dp
( )[ ]

× 1 AT≥L,VT+gCT≥D{ } + 1{AT,L,AT+VT≥L+D}
[ ]

. (4)

6Deviations from the equal priority rule may of course exist in practice. Arguments for and against granting pension fund
priority right over other creditors are discussed in Stewart (2007), who also provides an overview of OECD countries’ profile
with respect to their regulation on priority creditor rights for pension funds.

7In this model, the sponsor can be led to bankruptcy if the pension fund fails to meet the contractual payment to pen-
sioners. Shivdasani and Stefanescu (2010) make a related observation for publicly traded firms from the Compustat database.
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The payoffs to equity holders and bondholders in the model of Merton (1974) are recovered when
the pension fund is removed from the analysis, that is when both A0 and L are set to zero.

1.3 Prices of the claims

The fair values at time 0 of the pension fund liabilities and of corporate bonds are:

L0 = EQ[e−rTLT], (5)

D0 = EQ[e−rTDT]. (6)

They can be interpreted as the cost of issuing these claims for the corporation. It is important to
emphasize that the private valuation of these claims for pensioners is in general lower than the issuance
cost borne by the firm, and this for at least two related reasons. First, the pension claims are not trad-
able, so their private value should include a discount rate reflecting their illiquidity. Second, employees
of the firm are under-diversified with respect to the sponsor company risk, to which their human cap-
ital already shows a strong exposure. The non-tradable nature of the claim prevents employees from
hedging away this risk.8 In the absence of information regarding preferences, endowments, trading
and consumption strategies for employees, we may only recognize that L0, the cost of issuing these
claims for the pension fund, provides an upper bound for their private value for pensioners.
However, our model is cast in a complete market setting, so that any exposure to pension liability claims
could in principle be hedged away through a suitably designed dynamic replication strategy involving
two risky assets which are the stock index and the sponsor company stock, in addition to the risk-free
asset. In such a complete market situation, the value and the cost of the pension claims are identical.

The actual payment LT to pensioners can be decomposed as L1T + L2T , where L
1
T is the access to the

promised payment and the recovery payment, that is the sum of the first two terms in (2), and L2T is
the access to pension fund’s surpluses, that is the last term in (2). Denoting with L10 the present value
of L1T , we can define a credit spread sL as the amount to be added to the risk-free rate to recover the fair
value of liabilities when discounting the promised benefits:

L10 = e−(r+sL)TL. (7)

L10 equals Le
−rT if pensioners always receive the promised payment, and more generally, the difference

between L10 and the present value of L indicates whether they are likely or not to receive the contractual
payment. By construction, the spread sL is nonnegative. It is to be compared with the spread sreg which
is given by the regulator and used to compute the regulatory liability value as Lreg = e−(r+sreg)TL, and
the regulatory funding ratio as Freg

t = At/L
reg
t . Consistent with the prescription of the US regulation,

we interpret sreg as the spread between Treasury and AA-bonds. We can define the credit spread for
corporate bonds in the same way, through

D0 = e−(r+sD)TD. (8)

The price of equities at date 0 is given by

E0 = EQ[e−rTET]. (9)

8Similar arguments have been made for stock and stock option compensation packages, for the valuation of which
preference-based pricing rules (e.g., a certainty equivalent principle) have been proposed (see e.g., Detemple and
Sundaresan, 1999).
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The total value of the firm and pension fund is the sum of the market values of the claims, L0, E0
and D0. We can rewrite it in a different way, using the notions of tax shield and bankruptcy costs (see
Leland (1994) for similar expressions when there is no pension fund):

BCT = aVT 1{AT+VT≥L+D,VT+gCT,D} + 1{AT+VT,L+D}
[ ]

,

TST = u D− Dp
( )+ L− AT( )+[ ]

1 AT+VT≥L+D,VT+gCT≥D{ }.
(10)

The present values of these quantities are denoted with BC0 and TS0. It is straightforward to verify
that we have, in any state of the world:

LT + ET +DT = VT +AT + TST− BCT.

Multiplying each side by the discount factor e−rT and taking risk-neutral expectations, we obtain
two equivalent expressions of the total value:

v0 ; L0 + E0 + D0 = V0 + (1− u)A0 + TS0 − BC0. (11)
In case the firm is not subject to taxation (θ = 0) and there are no liquidation costs (α = 0), the total

value is just x, and is thus independent from capital structure, pension funding and portfolio allocation
decisions.

2. Impact of decisions made by the firm and pension fund

In this section, we study the impact of the choices regarding the firm’s capital structure, the funding
level and the investment strategy for the pension fund. The first two decisions are made by the initial
owners of the firm, while the third is the responsibility of the fund’s investment team. To do this, we
numerically compute the prices of the claims for different combinations of parameter values.

We define a set of base-case parameter values as follows. The short-term interest rate is r = 4%, the
corporate tax rate is θ = 35% and the regulatory spread is sreg = 100 basis points. In the event of a
liquidation following bankruptcy, the firm owners have to give up a fraction α = 50% of the proceeds.
x, the total capital to be split across the sponsor and the pension fund, is only a scaling variable that
multiplies all claim values, so its value is irrelevant and it can be set to 100 without loss of generality.
The face value of debt and the promised payment to pensioners, D and L, are both set to 50, but we
will let L vary in the comparative static analysis below. In the base case, the pension fund is fully
funded in the regulatory sense, so the initial asset value is A0 = Le−(r+sreg ) = 30.33. Consequently,
the amount invested in the firm is V0 = x− (1− θ)A0 = 80.29. The volatilities of the firm’s value pro-
cess and the risky asset in the pension fund’s portfolio are σV = 20% and σS = 30% and their base-case
correlation is ρ = 50%. The horizon is T = 10 years. The base-case allocation to equities and cash in the
pension fund is 50%–50%.

The payoffs LT, ET and DT have complex option-like forms with barriers, so there is no analytical
expression for their prices. We estimate these prices through Monte-Carlo simulations, by generating
100,000 scenarios for the pension fund’s assets and the firm unlevered value and averaging the corre-
sponding outcomes for the payoffs.

2.1 Leverage decisions

We first analyze the impact of leverage decisions on the total value of the firm and the fair liability
value, for different values of the promised payment L. Since the initial endowment to the pension
fund cannot exceed x, the following condition must be satisfied:

L , x
e(r+sreg)T

1− u
. (12)
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Given our base-case parameters, the upper bound is equal to 253.6.
The leverage ratio is defined as the market value of corporate debt over the sum of bond and equity

values, and it characterizes the capital structure. In the presence of frictions (taxes and bankruptcy
costs), the trade-off theory of the capital structure suggests that an optimal leverage decision can be
achieved so as to maximize total firm value. Intuitively, one expects that a firm without a pension
fund will optimally take on more debt than an otherwise identical firm sponsoring a pension plan,
since the latter firm has already issued a form of debt by committing to a payment to retired employ-
ees. Panel (a) of Figure 1 shows the total value of the firm and the pension fund as a function of the
leverage ratio D0/v0, by letting the face value of debt vary. It confirms that the value-maximizing lever-
age ratio is a decreasing function of the promised payment to pensioners. Hence, to the extent that L
can be anticipated by the sponsor at the time it chooses its level of debt, the presence of the pension
fund should have an impact on the leverage decision.9

In the absence of the pension fund, i.e., for L = 0, the optimal leverage ratio is 36.2%, a value that is
of the same order of magnitude as those obtained in dynamic capital structure models: for example,
Leland (1994, 1998) or Ju and Ou-Yang (2006) find leverage ratios ranging from 30% to 50% depend-
ing on parameter values. The collateralized nature of the pension obligations and the existence of
potentially complex surplus sharing rules imply, however, that debt held by pensioners and debt
held by bondholders are not perfect substitutes one for another. The main insight that we obtain
from Panel (a) of Figure 1 is that the existence of a pension plan should have an effect on capital struc-
ture decisions.

Panel (b) of Figure 1 takes the reciprocal perspective and plots the fair liability value L0, as a func-
tion of the leverage ratio. The calculation is done for two values of L (50 and 150) and three values of
the initial funding ratio (70%, 100% and 130%), so as to capture situations where the sponsor fully
funds its pension plan and situations where it leaves it with a deficit. The initial funding ratio is com-
puted in the regulatory sense: for a given target Freg

0 , the initial endowment is set to A0 = Freg
0 Lreg0 .

Because of the tax savings, the actual cost for the sponsor is (1− θ)A0 and the remaining capital
V0, implied by equation (1), is assigned to industrial projects. Panel (b) of Figure 1 shows that
other things being equal, pensioners will prefer a sponsor firm with a small amount of outstanding
debt to a heavily indebted one, since a more financially constrained firm is less likely to be able to
afford making additional contributions if needed. The impact of the leverage ratio is far from negli-
gible: for an initially fully funded pension plan in the base case, increasing the leverage ratio from 15%
to 45% leads to a decrease in liability value from about 32 to 29. In line with the intuition, we find that
for a given level of funding, liability value is lower if promised payments to pensioners represent a large
fraction of firm’s total commitments (L = 150 versus D = 50) than if they are of the same order of mag-
nitude as debt (L =D = 50). One important finding is that the regulatory liability value, which is 30.33
when L = 50, overestimates the fair value of liabilities for highly leveraged firms, while it
underestimates it for firms with little debt outstanding. For firms with large commitments to pen-
sioners (L = 150) and a pension plan with an initial funding ratio of 70% or 100% only, liabilities
are found to be undervalued, whatever the capital structure of the sponsor company. While these
effects are straightforward from a qualitative standpoint, one of the contributions of the model is to
show that the over/under-estimation can be quantitatively large for reasonable parameter values.
From an accounting regulation perspective, this result makes a case for the use of an endogenous
rate to discount liabilities, as opposed to a uniform rate for all firms.

9This effect could be mitigated by the fact that if a firm sponsors a pension plan, employees will accept lower wages.
Indeed, lower wages will increase the EBIT of the firm. Hence, if one thinks of the process V as the present value of future
EBITs (see Goldstein et al., (2001)), Vt should be lowered when L is increased. Quantifying this effect, namely the decrease in
wage that they are ready to accept when promised pension benefits, would require a sound modeling of employees’
preferences.
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Figure 1. Impact of leverage decisions. (a) Total value of the firm. (b) Value of liabilities. In Panel (a), the total value is plotted
against the leverage ratio for different values of the promised payment to pensioners, L, while keeping the initial endowment
to the pension fund equal to the regulatory liability value. In Panel (b), the fair value of liabilities is plotted against the leverage
ratio, and the initial asset value of the pension fund is set to 70%, 100% or 130% of the regulatory liability value. The vertical
dashed lines identify the leverage ratio in the base case, where L = 50.
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2.2 Allocation decisions

We now turn to the impact of pension fund allocation decisions on the values of the various claims.
Figures 2 and 3 display the market values of claims held by pensioners, bondholders and equity holders
as functions of the allocation ω to stocks, for different values of the regulatory funding ratio, and three
values of the correlation between the firm value V the risky asset S (ρ =−0.5, 0 or 0.5). To save space, we
have focused on the case where equity holders have access to surpluses, which corresponds to γ = 1.
Figures for the case where pensioners are entitled to surpluses (γ = 0) are available in the online
Appendix.

Figure 2 shows that the fair value of payment to pensioners, L0, is in general a decreasing function
of ω. An explanation is as follows. The actual payoff to pensioners if they have no access to surpluses
can be approximated as the minimum of AT + VT and L, and is equal to it if V0 = 0. More generally, the
option that pays min (L, AT +VT) involves a short position in a call written on A + V with strike price
L. Because the call has positive vega, L0 is thus decreasing in the volatility of A + V. For a positive or
zero correlation between S and V, increasing ω only leads to a higher volatility of A + V, hence to a
lower L0. But for a negative correlation, there may exist a value of ω between 0 and 1 that minimizes
this volatility, hence maximizes L0. This maximum value only exists if the pension fund is not too

Figure 2. Impact of allocation decisions on pensioners and equity holders. (a) Impact on pensioners. (b) Impact on equity holders.
These figures perform comparative static analysis with respect to the allocation to the risky asset, ω, for various levels of the regulatory
funding ratio (70%, 100% and 130%) and the correlation ρ between the firm’s unlevered value and the risky portfolio held by the pen-
sion fund. All other parameters are fixed at their base-case values. The vertical dashed line identifies the base case value of ω.
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highly funded at date 0, because if the funding ratio is sufficiently high and the pension fund only
invests in the safe asset, the promised payment is made in all scenarios. In this case, nothing is gained
for pensioners if the pension fund takes a more risky strategy.

When equity holders are entitled to the full surplus of the pension fund, the actual payoff of equi-
ties can be approximated as (AT + VT− L−D)+, an approximation that is exact if θ = 0. This is the
payoff of a call written on A + V with strike price L +D. Hence, equity value is increasing in the vola-
tility of A +V, which accounts for the increasing pattern observed on most curves of Panel (a) in
Figure 3. But as argued previously, this volatility reaches a minimum for an interior value of ω
when the correlation between S and V is negative. So, equity value is minimal for this particular
value of ω. As a matter of fact, we observe that E0 is minimum for some non-trivial value of ω
when ρ is negative, but this minimum is only visible if the initial funding ratio is not too high,
here <130%. As evidenced by Figures 2 and 3, this increase in shareholder value as a function of
increasing volatility of the pension fund assets comes at the cost of related decreases in pensioners’
and bondholders’ wealth, which is a clear case of asset substitution (see Jensen and Meckling,
1976). It is shown in the online Appendix that when equity holders have no access to surpluses
(γ = 0), increasing the riskiness of the pension fund allocation strategy leads to a decrease in equity
value, especially for high funding ratios.

Figure 3. Impact of allocation decisions on bondholders and total value. (a) Impact on bondholders. (b) Impact on total value.
These figures perform comparative static analysis with respect to the allocation to the risky asset, ω, for various levels of the initial
funding ratio (70%, 100% and 130%) and the correlation ρ between the firm’s unlevered value and the risky portfolio held by the
pension fund. Unless otherwise indicated, parameters are fixed at their base-case values. The vertical dashed line identifies the
base-case value of ω.
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In unreported results, we have also analyzed the impact of allocation decisions on the fair values of
pension liabilities and equities in the presence of conditional inflation indexation. This form of pen-
sion compensation is encountered in the Netherlands, where pensioners are entitled to receiving
inflation-linked payments if and only if the funding ratio reaches a sufficiently high level. These results
show that the allocation to the stock index that maximizes the value of the claim is strictly greater with
than without conditional inflation indexation, and is therefore closer to the 100% allocation that max-
imizes equity value. Hence, introducing conditional indexation enables to reduce the conflicts of inter-
ests between pensioners and equity holders as to the riskiness of the investment policy taken by the
pension fund. This effect is formally similar to the effect of granting partial access to pension fund
surpluses by the means of a lower coefficient γ.

A comparison between Figures 2 and 3 shows obvious similarities between the fair value of the
promised payment to bondholders and the fair value of pension payments, with a key difference
again related to the collateralized nature of pension liabilities. That pension assets serve as a collateral
for pension liabilities explains why the fair value of pension claims is greater than that of corporate
bonds when promised payments are the same (L =D = 50). When the funding level decreases, on
the other hand, the diversification benefits start to become effective, provided the correlation ρ is nega-
tive, so the volatility of A + V reaches a minimum for a value of ω lying strictly between 0 and 1. This
results in a maximum for D0.

It appears that in general, the total firm value v0 is maximized for a zero investment in the risky
asset, except when the correlation ρ is negative: in this case, an interior optimal weight may exist.
For an initial funding level of 70% or 100%, the optimal weight is close to 50%, and it grows to
70% for a funding of 150%.

2.3 Funding decisions

Funding decisions are made by the initial owners of the firm at time 0, who decide how to allocate the
initial capital x to the firm (V0) and the pension fund (A0). Figures 4 and 5 show the impact on the
various claim values of changes in the initial pension assets, A0. Figure 4 confirms that pensioners
always benefit from increases in funding to the pension plan because the pension fund is more likely
to deliver the promised payment if it is well funded than if it receives a low initial endowment.

The impact on equity holders is ex ante also straightforward: increases in funding lead to increases
in benefits from the tax advantage because the initial contribution is tax-deductible, and therefore lead
to higher equity value. This intuition is confirmed in Panel (b) of Figure 4 in the case where the pro-
mised payment to pensioners is low: then, negative contributions from the pension fund to the spon-
sor are likely to take place, so that the money invested in the pension plan is not lost for equity holders,
and they benefit from the tax deductibility of the initial contribution, without any negative counter-
part. On the other hand, for larger promised benefits (L = 100 or more), an increase in funding start-
ing from low levels can lower equity value: in such situations where it is highly unlikely that pension
assets will ever be in excess of pension liabilities, one additional dollar invested in the pension fund is
certain to be lost for shareholders, who would prefer having it invested in the firm. The results in the
online Appendix show that when equity holders have no claim on pension surpluses, equity value is a
decreasing function of the capital invested in the pension fund.

Increases in funding ratio have two competing effects on bond value. On the one hand, it is in
bondholders’ interest that the firm be able to redeem its debt without having to contribute to the pen-
sion plan: this calls for high initial funding ratios. On the other hand, such high ratios reduce the
amount of capital invested in the firm and make it more likely that the firm cannot redeem debt
in full. So, there is a tradeoff between making an initial contribution or a deferred contribution to
the pension plan. When equity holders have access to surpluses, like in Figure 5, a lower initial con-
tribution is likely to result in a larger future contribution, so it has no positive effect for bondholders,
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and bond value is increasing in the initial funding ratio.10 In the online Appendix, we consider the
case where surpluses go to pensioners, and the tradeoff clearly appears: exceedingly large funding
ratios are regarded as undesirable by bondholders because the firm cannot take over large future
surpluses.

Figure 5 suggests that a higher funding level unambiguously leads to higher total firm value. When
equity holders have full access to surpluses, this comes as no surprise because making a large initial
contribution enables to take more benefit from the tax regime, and exceedingly large surpluses can be
returned to the firm so that it does not lead to increases in the likelihood of bankruptcy. When pen-
sioners have access to surpluses (see the online Appendix), greater contributions still lead to greater tax
shield benefits, but also to higher bankruptcy probability. However, we find that the total value in that
case is still an increasing function of the funding level, which shows that the present value of the tax
savings increases faster than bankruptcy costs.

Figure 4. Impact of funding decisions on pensioners and equity holders. (a) Impact on pensioners. (b) Impact on equity holders.
These figures plot the regulatory funding ratio of the pension fund against the fair liability value and equity value for different
values of the promised payment to pensioners, L (25, 50, 100 and 150). The curves are parametrized by A0, the initial capital
made available to the pension fund. Unless otherwise indicated, other parameters are fixed at their base-case values. The vertical
dashed line represents the regulatory funding ratio in the base case.

10That pension funding has a positive influence of credit ratings had been empirically verified by Martin and Henderson
(1983) and Carroll and Niehaus (1998).
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3. Impact of pension guarantee

The costs of corporate default have so far been assumed to be borne by the pensioners, who may not get
their promised payment if the pension fund is insolvent and the sponsor is unable to cover the deficit.
We now introduce a pension benefit guarantee corporation (PBGC), which is intended to provide pen-
sion benefits for pensioners of companies that are in distress. In the US, the PBGC provides protection,
but the protection is limited to a statutory maximum amount ($60,136 in 2016 for employees retiring at
age 65). One could price this so-called pension put and obtain its rational value as a function of the
pension funding status, the firm’s capital structure, and the pension fund allocation policy (see
Marcus, 1987; Hsieh et al., 1994; Boyce and Ippolito, 2002). If the PBGC charges sponsors a premium
proportional to the actual credit riskiness of liabilities, the costs are transferred to shareholders. In prac-
tice, pension insurance is not fairly priced because the premium actually paid is independent of both
capital structure and pension fund allocation, and it is in practice mostly underpriced for the most vul-
nerable companies, so motives for asset substitution (extracting value from the PBGC, i.e., from other,
healthier, companies) remain intact (see Sharpe (1976) or more recently Bodie (1996) for a discussion
of the pension put, and also Bodie et al. (1985) for empirical evidence that the PBGC creates an incen-
tive for distressed companies to underfund their pension plan and invest in risky assets).

Figure 5. Impact of funding decisions on bondholders and total value. (a) Impact on bondholders. (b) Impact on total value. These
figures plot the regulatory funding ratio of the pension fund against the bond value and the total firm value for different values of
the promised payment to pensioners, L (25, 50, 100 and 150). The curves are parametrized by A0, the initial capital made available
to the pension fund. Unless otherwise indicated, other parameters are fixed at their base-case values. The vertical dashed line
represents the regulatory funding ratio in the base case.
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3.1 Payoffs to claimholders

In the US, the actual provisions of the PBGC as defined by the ERISA are as follows. The sponsoring
firms with defined-benefit plans must enroll in the pension benefit insurance program of the PBGC
which insures pension benefits up to a fraction λ of the promised payment L. Under ERISA, the PBGC
can preempt assets of the sponsor, to the limit of 30% of their value. This preemptive right is senior to
all unsecured liabilities of the company except wages.

We now rewrite the payoffs to each group of claimholders in the presence of the PBGC. Where AT≥
L or AT +VT≥ L +D, there is no need for the PBGC to intervene, since the assets of the firm and the
pension fund are sufficient to cover a deficit. Hence the payoffs to each group are identical to the payoffs
in the absence of the PBGC (see item I. in the above payoff list). But if AT +VT < L +D and AT < L, the
firm does not have enough assets to make up for the deficit of the plan, so liquidation takes place. Then,
the PBGC can withdraw a fraction p of the assets net of bankruptcy costs, where:

p = min (0.3, q), where q = L− AT

D+ L− AT
. (13)

Putting together pension fund assets and a fraction p of the firm’s assets, the amount available to
compensate pensioners is AT + p(1− α)VT. Since this quantity is less than L, the PBGC must intervene
to close the gap, up to a fraction λ of the face value of liabilities. Finally, pensioners and bondholders
receive, respectively

LT = min (L, lL+ AT + p(1− a)VT),
DT = (1− p)(1− a)VT .

We may therefore define the value of the pension put as P0 = Eℚ[e−rTPT] where:
11

PT = min L− AT − p 1− a( )VT , lL
( )

1{AT,L,AT+VT,L+D}.

It can be checked that we have, almost surely:

LT + DT + ET = VT + AT + PT + TST − BCT − RTT .

Taking the present value of this equality, we get that the total value of the firm, is:

vPBGC0 = L0 + D0 + E0 = V0 + (1− u)A0 + P0 + TS0 − BC0 − RT0.

Here the initial amount of capital available to the firm, x, needs to be allocated to the firm’s invest-
ment projects (V0), to the pension plan net of the tax shield ((1− θ)A0), and to the pension put pur-
chased from the PBGC. Let Preg

0 be the premium charged by the PBGC to the firm, so that the new
budget constraint, replacing (1), reads

x = (1− u)A0 + V0 + Preg
0 ,

and the total value is

vPBGC0 = x − Preg
0 + P0 + TS0 − BC0 − RT0. (14)

11This expression exhibits two differences in comparison to its counterpart in Bicksler and Chen (1985). First, we have
explicitly accounted for the upper bound that the PBGC sets to its contribution. Second, we explicitly allow for a final con-
tingent contribution from the sponsor to its pension plan in the event of underfunding.
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Comparing this expression and the total value in the absence of a guarantee fund (see (11)), we
obtain that

vPBGC0 = v0 + P0 − Preg
0 .

If the PBGC sells the put at fair value, i.e., if Preg
0 = P0, the value of the firm with the guarantee is

equal to the value without the guarantee. But the share of total firm value that goes to each of the three
groups of claimholders is still impacted by the presence of the PBGC. In practice, the premium that
the PBGC charges the sponsor is not equal to the fair value of the put, and corresponds to some
fraction η of the regulatory value Lreg0 . The total value of the firm will be increased if the pension
put is underpriced (P0 . Preg

0 ) and decreased if it is overpriced (P0 , Preg
0 ).

3.2 Numerical results

We let λ = 0.85, as in Bicksler and Chen (1985), and η = 0.1. This means that the PBGC charges the
sponsor an amount equal to 10% of the regulatory value Lreg0 , and that its contribution is capped to
85% of promised pension payments.

Figure 6 shows the impact of allocation decisions on the values of the claims held by equity holders
and bondholders, and on the total firm value. The value of pension claims is not shown because the
presence of the PBGC makes it almost insensitive to the investment policy, unless the funding ratio is
very low and the policy is very aggressive: in this case, the pension fund can face so large a gap that the
PBGC will not completely cover it, so liability value is adversely impacted. For equity holders and
bondholders, the effect of allocation decisions is qualitatively similar to what it is without the pension
guarantee (see Figures 2 and 3). Being entitled to surpluses, equity holders prefer a risky strategy, while
bondholders have a more conservative view on the amount of risk that the pension fund should take.
They have an indirect claim on pension assets through the surplus sharing rule, but they have only a
limited access to upside since they do not receive more than the face value of debt: as a result, they are
short a put on pension assets, so they are hurt by an increase in the volatility of pension assets.
Although pensioners are in principle concerned with these effects, they are protected by the pension
guarantee, so asset substitution takes place only between equity holders and bondholders.

The analysis of the strategy maximizing the pension put in Sharpe (1976) and Bicksler and Chen
(1985) suggests that it is optimal for shareholders to maximize the benefits obtained from the mispri-
cing of the pension put, which is highest when the allocation to the risky asset is maximal, as con-
firmed in Figure 7. For a negative value of the correlation parameter ρ, there is in fact an interior
value of the allocation that minimizes the value of the pension put, because the volatility of the aggre-
gate assets of firm and pension fund is minimal for some non-trivial allocation to the risky asset.
Figure 7 also suggests that the difference between the fair value of the pension put P0 and the regu-
latory value for the pension put Preg

0 can be positive or negative depending on parameter values, and
can be substantial. Looking at the overall effect on total firm and pension value in Figure 6, we see that
only extreme allocations are optimal, with an optimal allocation that can be ω = 0 or ω = 1.

Figure 8 focuses on the impact of funding decisions in the presence of the PBGC. As before, the
value of pension claims is not reported because it is hardly impacted by the initial endowment to
the pension fund: this observation hinges on the fact that under the base-case assumptions, pensioners
have no interest in surpluses, but if they were entitled to surpluses, the claim value would increase with
the funding ratio (see the online Appendix). Comparing Figures 5 and 8 reveals that the impact of
funding decisions on equity holders is not substantially different with or without the guarantee, but
the effect of funding choices on bond value is very different when promised pension benefits are
>100% of the initial firm’s endowment. These are the situations where the premium charged by the
PBGC to the sponsor firm is particularly high, which reduces the amount invested in the firm accord-
ing to equation (14). Moreover, with a large debt to pensioners, the pension fund is unlikely to enjoy
surpluses that could eventually help the sponsor repay its debt. This results in a non-monotonic
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Figure 6. Impact of allocation decisions in the presence of the PBGC. (a) Impact on equity holders. (b) Impact on bondholders. (c)
Impact on total value. These figures perform comparative static analysis with respect to the allocation to the risky asset, ω, for
various levels of the regulatory funding ratio (70%, 100%, 130%, 150% and 200%) and the correlation ρ between the firm’s unlev-
ered value and the risky portfolio held by the pension fund. Unless otherwise indicated, parameters are fixed at their base-case
values. The vertical dashed line identifies the base case for ω.
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pattern, with the price of corporate bonds being a decreasing function of the funding level for low or
medium funding ratios. The same effects are at work for the total value. For large promised payments
to pensioners, this quantity exhibits a U-shape. Similar results have been obtained by Bicksler and
Chen (1985), in the context of a model with pension termination costs and a progressive tax structure
on corporate income. For our base-case parameter values, we obtain that funding to the maximum, as
opposed to the minimum, is the optimal solution to maximize firm value.

4. Conclusions and extensions

This paper proposes an integrated model for capital structure choices and pension fund allocation
decisions, a needed tool to correctly assess the value of a pension plan. It has macro implications
for the accounting regulation of pension funds, and micro implications for the funding and the man-
agement of pension plans. At the macro level, our model suggests that valuation principles for liabil-
ities streams (and derivative assets written on them) should account for differences in financial health
and capital structure decisions at the sponsor company level, as well as differences in asset allocation
policy at the pension fund level. This finding leads to questioning the practice of using an arbitrary rate
to value liability cash flows. At the micro level, the model provides a justification for the existence of
asset substitution effects between pensioners and bondholders on the one hand, and equity holders on
the other hand, who disagree on the optimal level of risk taking by the pension fund. The conflict of
interest between pensioners and equity holders can be addressed by introducing a pension guarantee
fund like the PBGC, but other options would be to grant pensioners at least partial access to surpluses,
either via the surplus sharing rule, or through conditional indexation of benefits. Regarding the impact
of funding decisions, we find that bondholders and equity holders generally benefit from higher fund-
ing ratios in the pension fund if pension surpluses are returned to the sponsor, but a surplus sharing
rule that would be more favorable to pensioners would change the direction of these preferences.

Our work can be extended in a number of directions. First, a dynamic version of the model would
allow a number of important effects such as random sponsor default, debt renegotiation, contribution
smoothing and contribution holidays to be taken into account. Second, it would be useful to focus on
the interactions between the groups of pensioners and workers, whose preferences are not aligned. For
instance, employees can bargain for increases in wages to compensate for a deterioration in the present
value of pension benefits, but this option is not available to retired beneficiaries. Moreover, the extent
to which current wages and promises of future pensions are substitutes for each other will depend on

Figure 7. Impact of allocation decisions on the pension put. These figures perform comparative static analysis with respect to the
allocation to the risky asset, ω, for various levels of the regulatory funding ratio (70%, 100%, 130%, 150% and 200%) and the cor-
relation ρ between the firm’s unlevered value and the risky portfolio held by the pension fund. Unless otherwise indicated, para-
meters are fixed at their base-case values. The vertical dashed line identifies the base case for ω and the dash-dot line represents
the regulatory premium Preg

0 .
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Figure 8. Impact of funding decisions in the presence of the PBGC. (a) Impact on equity holders. (b) Impact on bondholders. (c)
Impact on total value. These figures plot the regulatory funding ratio of the pension fund against the fair liability value for different
values of the promised payment to pensioners, L (25, 50, 100 and 150) and the correlation ρ between the firm’s unlevered value and
the risky portfolio held by the pension fund. The curves are parametrized by A0, the initial capital made available to the pension
fund. Unless otherwise indicated, other parameters are fixed at their base-case values. The vertical dashed line identifies the base-
case regulatory funding ratio.

Journal of Pension Economics and Finance 443

https://doi.org/10.1017/S1474747221000032  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1474747221000032


labor market frictions. A third extension concerns the allocation strategy taken by the pension fund. In
particular, because risk taking in the context of fixed-mix strategies is often detrimental to pensioners
but benefits to equity holders, an idea would be to use dynamic portfolio insurance. Indeed, strategies
such as Constant Proportion Portfolio Insurance (CPPI) enable to protect a minimum funding level
while opening access to the performance of the risky asset. The benefits of such strategies in integrated
ALM could usefully be explored. We leave these questions for further research.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.1017/
S1474747221000032
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