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Abstract

When firms access unbounded liability exposures and are granted limited liability, then an all equity firm holds
a call option, whereby it receives a free option to put losses back to the taxpayers. We call this option the taxpayer
put, where the strike is the negative of the level of reserve capital at stake in the firm. We contribute by (i) valuing
this taxpayer put, and (ii) determining the level for reserve capital. Reserve capital levels are designed to mitigate
the adverse incentives for unnecessary risk introduced by the taxpayer put at the firm level. In our approach, the
level of reserve capital is set to make the aggregate risk of the firm externally acceptable, where the specific form
of acceptability employed is positive expectation under a concave distortion of the cash flow distribution. It is
observed that in the presence of the taxpayer put, debt holders may not be relied upon to monitor risk as their
interests are partially aligned with equity holders by participating in the taxpayer put. Further, it leads to an

equity pricing model associated with a market discipline that punishes perceived cash shortfalls.



1 Introduction

Large players in the financial markets can place the financial system, and the real economy, at risk when they
are insufficiently capitalized. Such observations have led to renewed calls for the regulation of large market
participants. In fact, one of the stated objectives in the 2009 London meeting of the G20 in its communiqué is “to
extend regulation and oversight to all systemically important financial institutions, instruments and markets. This
will include, for the first time, systemically important hedge funds.” An analysis of the implications of positions
taken by large financial market participants, like hedge funds, can also be of potential interest for other corporate
entities, given that they may enter financial markets and position themselves in comparable ways. The novelty of
the analysis we present are the implications of unlimited liabilities for financial analysis.

By contrast, in the classical Merton (1973, 1974, 1977) model of the firm we have random assets and fixed
liabilities with the consequence that in the worst case when asset values drop to zero wiping out both equity and
debt, there are no negative consequences for the rest of the economy. In our model, on the other hand, firms have
exposure to unbounded and random liabilities making it possible that liabilities overshoot assets to such an extent
that even after writing down both debt and equity to zero, there remains a substantial bill yet to be paid. The
exercise of limited liability in such a circumstance results in a transfer of wealth from creditor counterparties to
equity holders.

In the context of our model there are two important and distinct limited liabilities to be considered. The
first is the classic limited liability of equity, that in the presence of debt allows equity holders to put losses in
asset values back to debt holders. Additionally we have the limited liability of the firm itself. This allows the
firm to put losses back to the general economy when liabilities are sufficiently excessive. Our focus in this paper
will be on this second put option, that has heretofore been occasionally recognized in financial analysis (see for
example, Hovakimian and Kane (2000), Kane (1989) and John, Nair and Senbet (2009)). Our contribution is to
both recognize its presence and provide a method to estimate its value.

We term this put option the taxpayer put as the losses involved fall on market participants in the general
economy who presumably are taxpayers. In this regard we note that in the presence of a bailout by the government,

the cost is more uniformly distributed across taxpayers, while in its absence it falls completely on the spectrum



of creditor counterparties at time of default. When this put is exercised in the absence of a bailout, one has a
wealth transfer to equity holders from creditor counterparties, while with a bailout it is a transfer from taxpayers
in general. In the former case, we may speak of a limited liability put or creditor counterparty put while in the
latter case we have a taxpayer put. However, given that we do not know ex ante whether a bailout will be involved
or not, and noting additionally that the cash flow we model is the same in the two cases, we call this put the
taxpayer put, distinguishing it from the Merton put.

The taxpayer put has a strike and maturity that we envisage as follows. The underlying risk is here the level
of risky assets net of random and possibly unbounded liabilities. Such exposures cannot and are not permitted
to market participants with no reserve capital demonstrating an ability to absorb potential losses. We therefore
partition assets on the balance sheet into cash and cash equivalents and the remaining assets. The latter we
treat as risky, like in a Merton model with the possibility that they could drop in value to zero. Cash and cash
equivalents serve as reserve capital and the taxpayer put comes into the money when risky liabilities net of risky
assets rise to amounts exceeding this level of reserve capital.

Alternatively, and equivalently, the taxpayer put may be seen as a put option on risky assets net of risky
liabilities but now with a strike that is the negative of the level of reserve capital. Before we consider debt and
equity, we note that in the presence of unbounded liabilities, the firm value itself becomes a call option on the
spread of risky assets over risky liabilities. The strike is the negative of the level of reserve capital. The maturity
of this option is some future time at which liabilities may become too large. The specific date is unclear and
we suppose that the market has some future expected test date in mind that varies with market circumstances.
This date could in principle reflect some average maturity of outstanding long term debts. We therefore take
the maturity of the taxpayer put option as a parameter to be calibrated from market information. This paper is
concerned with the valuation of this taxpayer put.

Firms that possess a valuable taxpayer put, have as already noted, an equity value that is a call option even in
the absence of debt. There is then an incentive for firms to take on unnecessary risk, that is risks not associated
with generating alpha. We design the sensitivity of required capital to unnecessary capital to combat these adverse
risk incentives introduced by limited liability.

We additionally also deliver a new stock price model as the stock price is now a call option with a strike related



to the cash or cash equivalents on hand. The greater the cash on hand the lower is the strike as it is the negative
of the cash on hand and the higher is the stock price. Markets, aware of this situation impose a discipline on the
stock price. If the market perceives too low a level of cash on hand for the risk exposure entertained, the stock
price cannot be maintained short of a capital injection held in cash.

The recognition of such a relationship has led to the call for contingent capital seeking automatic conversions
of debt (Flannery (2009)). The need for cash may also be related to the significant drawdowns in revolving credit
lines reported for example in Ivashina and Scharfstein (2008). The market value of the support of such cash
injections has been independently estimated by Veronesi and Zingales (2009). The motives for increased cash
holdings embodied in our model for the stock price concurs with the arguments offered by Bates, Kahle and Stulz
(2009) who also document the recent increases in cash holdings by corporations.

The taxpayer put is typically provided via limited liability for free and generally it is not desirable to distribute
highly valuable assets for no charge. Recognizing the many benefits of limited liability we do not envisage mech-
anisms attempting to charge for this taxpayer put option. Nonetheless, as the world advances into many varied
contract designs leveraging such access attention does need to be paid towards ensuring that the associated strikes
are sufficiently negative with enough reserve capital at stake that keeps the value of this taxpayer put relatively
small. These considerations lead us to present a separate and new methodology for determining the recommended
strike or level of reserve capital.!

In summary the paper makes two contributions: The recognition and valuation of the taxpayer put option
and the presentation of standards for reserve capital backing risk exposures. The former employs recent advances
(Hurd and Zhou (2009)) in pricing spread options. The second contribution follows Cherny and Madan (2009)
building on the earlier work of Artzner, Delbaen, Eber and Heath (1999), Carr, Geman and Madan (2001), and
Jaschke and Kiichler (2001) to operationalize the concept of acceptable risks.

Our strategy for determining both the requisite level of reserve capital and the value of the taxpayer put hinges

on inferring the joint law of risky assets and liabilities from market information. Once this joint law is inferred

'The adoption of such procedures will result in a new financial policy, that we term capital policy, directed towards risk based
requisite levels of reserve capital. Other proposals in this direction include Hart and Zingales (2009), who target the CDS rate. The
long term costs of such a policy are critical as noted in Campello, Graham and Harvey (2009) and hence they are to be administered
with care.



one may do both: Value the taxpayer put and determine the level of required reserve capital. The joint law is
inferred from equity option data upon generalizing the Merton model to account for unbounded liabilities and
then estimating the resulting compound option model. We perform such valuations for JPMorgan (JPM), Morgan
Stanley (MS), Goldman Sachs (GS), Bank of America (BAC), Wells Fargo (WFC) and Citigroup (C), to find the
taxpayer put values and reserve capital levels to be substantial on occasion.

Before proceeding with a relatively realistic modeling of the joint risk exposures on the two sides of the
balance sheet, we present a simple model in which we take the random component of net assets to be normally
distributed and we present the required computations in the context of this simple model. The illustrative simple
model reduces all the dimensions of risk exposure to a single number, the volatility of net assets. Its purpose is
illustrative. However we do observe in the context of this simple model that debt holder incentives to monitor
risk levels are reversed in the presence of the taxpayer put as they are aligned with equity holders with respect to
this put option. The effect of cash reserves on the new stock price model are also described in the context of the
simple model.

The outline of the rest of the paper is as follows. Section 2 briefly reviews the essentials for computing the
required level of reserve capital on behalf of the external economy. Section 3 describes the model for equity as a
compound option on the spread of risky assets over liabilities. Computations for the simple model are presented
in Section 4. The specific joint process for the correlated evolution of risky assets and liabilities is presented in
Section 5, along with a description of the balance sheet and option data on the six banks employed in the study,
the details for calibrating the joint law of risky assets and liabilities, the calibration results and the results for
computation of required reserve capital, the value of the taxpayer put and related variables of interest. Section 6

concludes.

2 Required Capital Reserves

The objective of this section is to develop and present closed form expressions for reserve capital for firms exposed
to potentially unbounded liabilities. The section reviews the definition of acceptable cash flows commenting further

on the choice of the base measure with respect to which one defines acceptability. A discussion of the economic



foundations for the abstract definition is followed with operational approaches utilizing concave distortions (Cherny
and Madan (2009)). Closed form formulas for risk based required capital are the final result.

The set of risks viewed as random variables X on a probability space (2, F, P) that are acceptable to the
general economy are modeled as a cone containing the nonnegative cash flows. We comment later on the choice
of the base probability measure P. The inclusion of the nonnegative cash flows is quite natural as these cash flows
are always acceptable to anyone, by virtue of being devoid of risk. Thus, this formulation serves as a minimal
generalization of accepting just the nonnegative cash flows. We now allow as acceptable, cash flows that may
be negative on some contingencies thereby accepting some loss exposure. This loss exposure is accepted in the
recognition that demanding a strictly positive cash flow is just too conservative and destructive of growth and
innovation in the economy. The extent of losses accepted, however, is controlled by the size of the cone.

It follows as a consequence (see Artzner, Delbaen, Eber and Heath (1999)) that there exists a convex set M

of supporting probability measures () € M, equivalent to P, with the property that X is acceptable just if
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Madan (2009) contrasts this condition with the condition for a cash flow with a positive alpha. For just a positive
alpha one only requires such a condition for a single measure ) that represents an equilibrium pricing measure.
The class of acceptable cash flows in our model is then generally considerably smaller than just positive alpha
cash flows, and the acceptability requirement is thereby considerably more conservative. The larger is the set of
supporting measures M the smaller is the cone of acceptable risks.?

It is important to remark at this point that the base measure in the original formulations in Artzner, Delbaen,
Eber and Heath (1999) and Cherny and Madan (2009) may have been the so called physical or true measure. From
the perspective of generalizing risks acceptable to the general economy, a positive expectation under the physical
measure that fails to earn adequate risk compensation may not be acceptable to the general external economy.

One may wish to start in such a formulation with a base measure that is already some risk neutral measure. We

2We work here with static models for acceptable risks. For dynamic extensions of concepts of acceptable risks we cite Cheridito,
Delbaen and Kupper (2004), Riedel (2004), and Roorda, Engwerda and Schumacher (2005).



then expand the set of test measures to add to this base risk neutral measure. In what follows we shall in practice
work with a base risk neutral measure to start with that we continue to denote by P.

A risky cash flow may in general not be acceptable as it exposes the general economy to a substantial loss.
For example a balanced long short hedge fund going long and short by 100 million dollars must demonstrate some
cash capital to be permitted to proceed. A business set up with limited liability, insufficient capital and access to
unbounded liabilities if permitted to proceed places too much risk on the general economy. A natural remedy is
to seek to add capital in the form of cash at stake in the amount C such that the capitalized firm with cash flow
C + X is acceptable.

Hart and Zingales (2009) compare such a magnitude with a margin requirement, or leverage being permitted.
We formalize these levels using a formal definition for acceptable risks. It then follows from (2) applied to C' + X
that the smallest such capital is

C:—&%E%XL (3)

For an already acceptable cash flow satisfying condition (2), this capital required will be negative and one may
remove cash and yet be acceptable. When X is not acceptable on its own, as would be the case for a balanced
long short fund and a base risk neutral measure, one may use equation (3) to compute the level of reserve capital
that the external world demands as a stake in the proposed business.

The role of the mean p of the cash flow, if any, may now be observed as one may equivalently write that
C+X=C+pu+ (X —p) to get that

=— inf E9X —u]—pu. 4
C dnf, [X —p] —p (4)

Hence the required reserve capital for the cash flow X is the same as that for the demeaned cash flow or essentially
the risky part less the mean. The presence of any mean serves to reduce the required reserve capital. For cash
flows with a substantial mean the required reserve capital will then be negative indicative of an already acceptable
cash flow.

The proposed methodology for ascertaining whether candidate risk exposures are acceptable to the general
economy is broadly consistent with classical utility theory. We may envisage the aggregate risk as being partitioned

into N pieces of size %(C’ + X)) to be held by N randomly selected persons from the economy. Each of these persons



could evaluate the risk using their personalized state price density that in an equilibrium would be a risk neutral
density associated with a risk neutral measure Q° for individual i. By way of examples for such personalized state
price densities we cite Telmer (1993), Constantinides and Duffie (1996). Acceptability would then require that
EQ [C + X] > 0 for all 4. Provided the set M is large enough to encompass all the measures Q° the proposed
definition of acceptable risks is more conservative than attaining acceptability in a general equilibrium by a wide
and partitioned distribution.

In general there are both aggregation and hedging issues in constructing acceptable risks. A random variable
X may not be acceptable by itself. However, when it is combined with hedges or other risks that have to be held
as an economic endowment one may find the risk represented by a random variable to be acceptable. In principle
the use of personalized measures at the margin allows for the assessment of covariations of risks with endowment
risks. For our purposes we suppose we have in X the aggregate risk inclusive of all hedges actually employed.

Alternatively, one could consider acceptability to a single representative utility function U(x). Such an approach
leads on marginal analysis to the condition F [ZX] > 0 for a single candidate reference utility, where Z is classically
the normalized marginal utility (Huang and Litzenberger (1988)). The cone of acceptable risks is then too wide
in our opinion as it constitutes a half space defined by a single pricing kernel. We comment later on the specific

nature of the set M employed in our definitions for reserve capital.

2.1 Computing the Reserve Capital

The question that now arises is, “How do we compute this required level of reserve capital?”. For this we turn to
Cherny and Madan (2009).

Suppose as a first approximation that acceptability is defined completely by the probability law or distribution
function F(z) of the risk at hand.®> Cherny and Madan (2009) then describe the link between acceptability and

concave distortions of the distribution function. Let W(u) be a concave distribution function on the unit interval

3We are aware that a focus on just the probability law fails to recognize endowment risk covariations of potential counterparties.
The counterparties are however widely distributed across the economy and we focus on the probability law of the risk at hand in
defining acceptability as a good first approximation. We note further that such an approach is in agreement with the Sharpe ratio
(Sharpe (1964)), the Gain Loss ratio (Bernardo and Ledoit (2000)) and expected utility theory (Huang and Litzenberger (1988)).



and define acceptability as a positive expectation under concave distortion of F' by ¥ or the condition

/00 xd¥(F(z)) > 0. (5)

—00

As can be shown (Cherny (2006)), the set of supporting measures M for this set of acceptable risks is all measures

() with density Z = % satisfying the condition

EY [(Z —a)"] < ®(a) =gey sup (¥(u) —ua), for all a > 0. (6)
u€(0,1]

An alternative description of the supporting measures is possible on restricting attention to an original law that
is just the uniform distribution on the unit interval. The cash flow is then seen as F~!(u) and for acceptability
with respect to W, it must have a positive expectation for all measure changes on the unit interval with density
Z(u) for which the corresponding distribution function H(u) with H' = Z, is bounded above by ¥(u). Stated
another way, it may be shown that a cash flow is approved by a distortion just if it has a positive expectation for
all measure changes on the unit interval whose distribution functions are first order stochastically dominated by
the distortion.

In summary, the condition (5) defines a valid cone of acceptable risks that depend on just a knowledge of the

distribution function of the cash flow. We may rewrite the integral in condition (5), letting f(z) = F'(x), as

/ LV (F(2)) f(2)d. ()

—0o0

We then observe that our expectation under concave distortion is also an expectation under a measure change.
We note that large losses with F'(z) near zero are reweighted upwards by W/(F(x)) as ¥’ decreases for any concave
distortion. The more concave the distortion the higher the upward reweighting of losses and the more difficult it
is to be acceptable.

Cherny and Madan (2009) go on to propose a sequence of concave distortions indexed by a real number ~ that
are increasingly more concave with a corresponding decreasing sequence of sets of acceptability. The level v is the

stress level of the distortion and acceptability of a cash flow at stress level v is a measure of the performance of
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the cash flow. The recommended distortion that we employ in this paper is minmaxvar for which
1\ 14y
U (u)=1-— (1—u1+7) . (8)

This distortion has the property that large losses associated with w near zero are reweighted upwards towards
infinity and U7 (u) tends to infinity as u tends to zero. Furthermore as u tends to unity and we have large gains,
U7 (u) tends to zero whereby large gains are discounted down towards zero as well. The former property reflects
loss aversion while the latter is associated with the absence of gain enticement. We present in Figure 1 a graph of
this distortion for three values of ~.

A simple computation yields the equation for the required level of reserve capital for stress level v as

C=- /OO xdWU7 (F(x)) (9)

—00

with a computation associated with a simulated set of cash flows sorted into increasing order as 1 < xo < -+ N

by
o= (v (1) - (7). 10)

2.2 Calibrating the recommended stress level

The capital requirement is given by equation (3). We shall see that it is necessary to have capital requirements
that are risk sensitive. Consider, especially a change in risk that does not change the risk neutral mean so there is
no alpha generated but just an increase in unnecessary risk. Such moves should be associated with an increased
capital requirement. Now when the set M is a singleton with just one element Q € M the partial of required
capital with respect to unnecessary risk, that is one that leaves the mean unchanged, is zero. Required reserve
capital levels are then not sensitive to unnecessary risk.

Suppose now that we have two measures in M. The partial of required reserve capital with respect to risk say
the volatility of X, ox is now

8 1 2
9oy Max (B9 [-X], B9[-X]) (11)
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If the maximum is attained at the same measure, say Q' for two neighbouring levels of risk, and there is no change
in the expectation under this measure then this partial is still zero. However, with a change in risk we may have
a switch in the measure attaining the maximum and such a move can lead to a higher capital requirement even
if the risk neutral mean under @' has not changed. It is therefore important to have many measures in M to
help make required capital sensitive to unnecessary risk. Such considerations dictate the choice of a suitable and
minimal stress level ~.

This section has set out the procedure for reserve capital computation once we have the probability law of the
risk at hand with a known distribution function. One may then employ equation (9) in a numerical integration.

If we only have access to a simulated cash flow then we use equation (10).

3 Equity as a Spread Option

This section presents our extension of the Merton (1973, 1974, 1977) model to now include exposure to unbounded
liabilities. When coupled with limited liability for the firm we observe the positive value now given to the taxpayer
put. Its existence also distorts debtholder incentives to monitor risk. Furthermore, we observe the cash reserve
needs built into the new stock price model. The section closes on describing the procedure for inferring the joint

law for the evolution of risky assets and liabilities from data on equity option prices.

3.1 Unbounded Liability Exposures

We modify and extend the model formulated in Gray, Merton and Bodie (2008) that builds on Merton (1973, 1974,
1977). Our point of departure from the context outlined in these papers is access to unbounded liabilities. We
account for the access to derivative markets that enables transformations of risk exposures and permits positions
in a whole range of contingent and potentially unbounded liabilities. We partition our assets into a reserve capital
here taken to be cash Z, risky assets A, with total assets being A + Z. The risky component A may fluctuate in
value over time.

On the liability side we have a relatively bounded component like risky debt. In addition we allow for risky

liabilities that are random and may rise in value, in principle without bound. * Hence we have in place of the

4The risky liabilities could include for example, short positions in stocks, the negative side of swap contracts, payouts on writing
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Mertonian equation with random assets equalling equity plus risky debt, a more general equation

Cash + Risky Assets = FEquity + Risky Debt + Risky Liabilities

Z(t)+ A{t) = J(t)+ D(t) + L(t) (12)

The limited liability of equity requires us to recognize that at a market stylized debt maturity T° with a face

value F, we have that

J(T) = (Z(T) + A(T) — L(T) — F)*. (13)

while debt holders receive

D(T) = Min((Z(T) + A(T) — L(T))" , F). (14)

Incorporating the relative nonrandomness of cash we set Z(t) = Ze for a continuously compounded interest rate

of r, and we write

J(T) = (Ze'T + A(T) — L(T) — F)™". (15)

3.2 Equity, Debt, Firm Value, the Taxpayer Put and Reserve Capital

This subsection presents the resulting formulas for the value of equity, debt, firm value and the now positive value
for the taxpayer put.

Taking risk neutral expectations of equations (13) and (14) respectively we obtain the value of debt D and
equity J in our model. Summing these expressions we obtain the firm value V. Recalling that are base measure P

is a risk neutral measure, they are given by

J = EP [e*TT (A(T) — L(T) — (F - ZeTT))+] (16)
D = EP [e_TT ((ZJT + A(T) — L(T)) " A F)} (17)
V = J+D=E" [eﬂ“T (ze'™ + A(T) — L(T))+] . (18)

credit protections, payouts on selling options or short positions in variance swaps to mention a few possibilities.
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In addition to the limited liability of equity in equation (16), we now recognize a second limited liability that
is the limited liability of the firm itself in equation (18). In the absence of risky liabilities or when L(T') is zero
since A(T') > 0, firm value is positive by construction and the limited liability feature for the firm is redundant.
Additionally we may safely take cash reserves Z at zero as we always have a positive value and there is no need
for reserve capital requirements.

From the perspective of the stock price in equation (16) we see that the level of cash and cash equivalents on
hand reduces the strike and raises the stock price. In the classical model cash on hand impacts stock prices via
just its possible impact on volatility.

From the perspective of debt equation (17) we observe that as firm value is now a call option on risky assets
less liabilities debt holders participate in this option and their risk attitudes may thereby get aligned with equity
holders with little or no incentive to monitor risk as in the classical model.

Recognizing that the firm value of equation (18) is now a call option as the firm now holds the option to put
excessive losses back to the general economy we may observe the positive value Y of this option that we call the

taxpayer put. By put-call parity

Y = EP {e”’T (—ze'T — (A(T) — L(T))+] -

EP [e_TT (ze'T + A(T) — L(T))*] — Z — (A(0) — L(0)) (19)

v

0.

For the acceptability of this risk exposure at unit time by the general economy one must set reserve capital
requirements as per equation (9) where we define F)4_r,(x) to be the distribution function of the law of A(t) — L(t)

taken at t = 1, and

7= — / " 20 (Fa_(2)). (20)

—o0
We recall here that the purpose of imposing reserve capital requirements is to mitigate the adverse risk incentives

introduced by limited liability. Madan (2009) shows that for an all equity firm if risk based reserve capital

requirements are sufficiently conservatively set, with a high enough stress level «, then the positive partials of
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equity value with respect to risk can be offset by the positive and larger sensitivity of required reserve capital to
risk yielding a negative aggregate partial derivative for profits with respect to risk.

In the presence of debt it is well known from the Merton model that equity holders will want to increase
volatility to maximize the post debt value of the call option held by equity while debt holders may wish to write
contracts attempting to hold down this volatility. With the additional presence of the taxpayer put option however,
debt holders now have an incentive to raise volatility as they participate in the taxpayer put though they have sold
a put at a higher strike to equity holders. The net effect of volatility on the value they receive is now ambiguous.
We comment further on these issues in the context of the simple model of the next section.

Furthermore as both debt holders and equity holders jointly receive the benefits of the taxpayer put the question
arises as to whether debt holders will enforce higher levels of reserve capital on their own. These questions are the
subject matter of a separate study with the results possibly depending on how contributions to additional reserve
capital are to be shared between debt holders and equity holders. Our interest is focused on valuing the taxpayer

put and determining the level of required capital reserves Z*.

3.3 Procedure for calibrating the joint law of assets and liabilities

We model the risk neutral law of A(T") — L(T') as the difference of two exponential Lévy processes and we have in
closed form the joint characteristic function for the logarithm of the asset and liability levels. We may therefore
evaluate at any date ¢, given the prevailing level of the pair (Ay, L;) the value of equity at time ¢, J(t), as an option
on this spread.

Specifically, this computation is a two dimensional Fourier inversion for the equity value seen as a convolution
of the spread option payoff and the joint density for assets and liabilities (Hurd and Zhou (2009), Madan (2009)).
Specifically we have

J(t) = Bf [T (A(T) = L(T) = (F = 2¢'™)) 7] . (21)

The particular times ¢ of interest are the maturities of equity options for which we have data from the equity options
market. These time points are typically below two years with up to ten traded maturities. To access potential

levels of the pair (A, Ly) at the equity option maturities we simulate forward for two years the probability law
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for the joint process of assets and liabilities. On this joint path space for assets and liabilities we evaluate at the
equity option maturities the price of equity as a spread option as per equation (21). We thus obtain a matrix
of simulated equity prices at the equity option maturities. We use this matrix to estimate equity option prices

w(K,t), for strike K and maturity ¢ as

w(K,t)=e "Ef[(J(t) - K)T], (22)

by averaging over the simulated realizations of the equity values for each of the required maturities. The parameters
of the joint and correlated risky asset and liability value process are determined to best fit the surface of the equity
option prices as seen on the option markets.

We then compute the value Z* as per equation (20). We set the stress level v at 0.75 as suggested in Madan
(2009) as a minimal level mitigating the adverse risk incentives introduced by limited liability. We compare
this required level of reserve capital with the level obtained from balance sheets to determine which banks were
undercapitalized or overcapitalized from the perspective of risk exposure to the external economy. We also compute
the value of the taxpayer put as per equation (19). The value of Z* is determined at an annual maturity. For the
taxpayer put value we use the maturity provided by equation (21) at time ¢t = 0.

In summary, this section has presented the implications of exposure to unbounded liabilities for firms granted
limited liability. A special role for cash reserves has been observed in the equation for the stock price. It is noted
that debt holders are partially aligned with stock holders. The firm holds a taxpayer put with a positive value.
Finally a revised spread option model for equity leads to procedures for identifying the joint law of assets and

liabilities from data on equity option prices.

4 An Illustrative Model

This section presents a simple model in which net assets are a Gaussian random variable. In this context we first
evaluate explicitly the value of the taxpayer put, and its sensitivity to cash reserves. This is followed by a closed
form formula for risk sensitive levels for required reserve capital. We then take up the risk monitoring incentives

of debt holders and the role of cash reserves in the new stock price model. It is observed that especially with lower
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cash reserves debt holders may no longer monitor risk and stock prices may get too far out of the money.

4.1 A simple model where net assets are Gaussian

Consider the case of a balanced long short hedge fund with access to a risky cash flow X. As a simple model we
suppose that X is normally distributed with mean py and variance U%{- If we take the notional level of assets and
liabilities at N and take a percentage volatility of o for both the assets and liabilities then with a correlation of p

one would estimate

ox = V20N\/1—p. (23)

Proposition 1. For a notional of N with debt face value F, debt maturity 7', cash reserves Z, an interest rate
r, percentage volatility o, asset liability correlation p, volatility of net assets X of ox as per equation (23) and
mean py, the values of equity J, debt D, the firm V| the required reserve capital Z*, the taxpayer put Y and its

derivative with respect to reserves are
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