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1 Introduction

In order to promote people’s trust in the financial sector, authorities supervise banks and
require that they hold a minimum level of capitalThe aim of this regulatory capital

is to provide a cushion that can absorb large and sudden deficits in the bank’s earnings
and thereby avoid a bank failure. The bank’s customers and lenders (outsiders) are also
concerned with the bank’s riskiness. The owners of the bank determine the preferred
level of capital taking into account both the regulatory capital and outsiders’ perception
of the bank’s riskiness. | study the situation where banks are given an option to select
between two rules for the computation of regulatory capital. The bank can continue to
apply the rule currently in use or switch to the new rule. The decision to switch to the
new rule is irreversible, i.e., the bank has to use this rule both today and in the future.
The irreversibility is imposed by the authorities because they do not want that banks shift
back and forth between different rules. The application of the new rule may give more
information to the outsiders about the bank’s risk characteristics. The bank’s decision
of whether to implement the new rule will therefore take into account both the changes
in regulatory capital and possible adjustments in the outsiders’ risk perception. This
situation may be viewed as a game between the bank and the outsiders. | analyze the
bank’s and the outsiders’ decision making within a real options framework, where the
bank always has an option to delay the implementation of the new rule. Implementation
is optimal if the state variable representing risk is below a threshold level. The outsiders’
role may either be an active or a passive one. When the outsiders play an active role,
they may cause the bank to implement the new rule earlier than it otherwise would have

preferred. This is an example of a situation where outsiders may have a disciplining

1| adhere to the convention in the banking literature and use the term capital. For non-banks it is
customary to use the term equity.



effect on bank behavior.

The analysis is inspired by the option given to banks in the Basel accord (Basel Il),
see Basel Committee on Banking Supervision (2004), where banks can choose between
a standard approach and an approach based on internal rating based models (IRB) to
compute regulatory capital for credit risk. The latter alternative is more sensitive to
changes inrisk over time than the first alternative. Within the Basel Il framework, a bank
using the standard approach may be seen as using the current rule, here comparable to
the non-rating based rule. Basel Il is based on the so called three pillars. The first pillar
covers minimum capital requirement, the second pillar deals with the supervisory review
process, and the third pillar covers market discipline. My analysis covers obviously
pillar one, but it also deals with a rating agency’s, or outsiders’, perception of the bank’s
riskiness. As such, the analysis is also relevant when considering the consequences of
market discipline (pillar three) for a bank’s selection of regulatory capital.

In the analysis the preferred capital ratio is the highest of either regulatory capital or
the capital ratio that maximizes the market value of the bank. This latter capital ratio is
comparable to the market capital requirement mentioned by Berger et al. (1995). They

describe on page 395 a bank’s market capital requirement as

".. the capital ratio that maximizes the value of the bank in the absence
of regulatory capital requirements (and all the regulatory mechanisms that
are used to enforce them), but in the presence of the rest of the regulatory

structure that protects the safety and soundness of banks”.

The implication is that the market value of the bank will decline if the the bank has
too much or too little capital. The introduction of the risk sensitive rule may influence

the bank in two ways. The first effect reduced regulatory capital A reduction in
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regulatory capital will increase the market value of the bank, provided that the bank is
constrained by the current rule. Because the decision to use the new rule is irreversible,
the bank must not only take into consideration the immediate change in capital due
to the new rule, but also the future development in the difference in regulatory capital
between the old and the new rule. The second effect isitrlling effect In short,

the signalling effect reflects changes in outsiders’ required compensation for holding
exposures or claims on the bank. This required compensation may be changed upon
observing whether the bank switches to the new rule. As an example, under the Basel Il
rules the internal models are to be approved by regulators. Regulators will only approve
models if they are of a sufficient standard. Such an approval may be a signal about the
portfolio quality and the quality of the management of the bank. If the bank does not
introduce the risk sensitive rule, i.e., does not get the regulator’s approval, the external
stake holders may suspect that they in the future will face negative surprises concerning
losses in the bank’s loan portfolio. If the bank does not introduce the new rule, the
capital ratio that maximizes the market of the bank may therefore increase.

The premise of a unique optimal capital ratio is not trivial from a theoretical per-
spective. After all, if it was all the same which capital ratio the owners of the bank
decided on, the owners would be indifferent when selecting the regulatory capital and
the level of the capital in general. All capital ratios would be optimal. According to
the result of Miller and Modigliani (M & M), see Miller and Modigliani (1958), the
choice of level of capital does not influence the market value of the company ("the size
of the pie”). Any change in the level of capital will only cause a redistribution of value
between equity and bond holders (reflecting changing "shares of the pie”). There will
be no gain to the shareholders from engaging in the activity of changing the capital ra-

tio. If one makes other assumptions than those in the M & M, there may be an optimal
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capital ratio. Changing the capital ratio from a non-optimal to an optimal level will then
cause the value of the shareholders’ holding to increase. This increase may again be
caused by an increase in the market value of the company, by a redistribution of wealth
from bond holders, or a combination of the two effects. | will in the following present
the main arguments that are put forward in the literature to explain the existence of an
optimal capital ratio. This is not an exhaustive literature review, but rather a to-the-point
presentation of the main arguments put forward in the literature.

Costs of financial distressiake it optimal to avoid holding low levels of capital.
Examples of such costs are bankruptcy costs and the costs of foregone business oppor-
tunities due to outsiders’ unwillingness to conduct business with a company that may
fail. Deadweight losses due to bankruptcy and reorganization were mentioned by Miller
and Modigliani (1958).Taxesfavor the use of debt. Interest payments are deductible
in the company’s taxable income. Increasing the level of debt will therefore reduce the
authorities share of profit and leave more to the shareholders, see, e.g., Miller (1976).
Transaction costare costs of raising capital. In the presence of transactions cost, the ar-
bitrage argument causing the M & M argument to hold may no longer be strictly valid.
Transaction costs also form the basis for the pecking-order model of debt, see Myers
(1984). According to this model, retained earnings are the "cheapest” form of capital,
followed by new debt and new equity. The capital ratio will then vary over time with
the difference between necessary investment and internally generated funds. Several
explanations for an optimal capital ratio are based on the argumasyofmetric infor-
mation As an example, managers of the bank may use the level of capital as a signal to
financial markets about the quality of banks’ assets. In Ross (1977) there are two types
of companies. One company will have a higher final value than the other. The actual

type of a company is not known by the market. If the manager has information about the



true type, and with an appropriate incentive structure, the manager will take on relatively
more debt in the best type of company in order to maximize his own reward. The market
will then price the two types of companies differently. This signal causes an increase in
the value of equity for the good company. Another example of asymmetric information
is the agency cost argument that increased debt will lead to increased operational effi-
ciency, see Jensen (1986). A requirement to service debt will discipline the managers
and induce a more efficient operation of the firm. One argument applying specifically
to banks is the presence ofkafety nefor banks’ depositors. The safety net refers to

the guarantee that authorities give to depositors for the safety of their bank deposits. If
the price that banks pay to the authorities for this guarantee is too low relative to the
actual risk, there is an incentive for banks to accept too much deposits. For discussions
of the capital ratio related to financial institutions in particular, see, e.g. Berger et al.
(1995) or Miller (1995). All the reasons mentioned above may, more or less, be present
when a given bank is analyzed. An optimal capital ratio may therefore be the result of
a trade-off between several factors. Such a mixture of explanatory factors may there-
fore be present in the analysis. This was, e.g., the approach taken by Fama and French
(2002) when they tested the pecking-order model against what they named a trade-off
model of debt.

My work adds to the literature covering the application of real options theory in
different industries. The paper illustrates how real options theory may be used to analyze
banks’ timing of when to exercize the options they have to comply with different sets
of regulatory rules. Textbook treatment of optimal investment timing for irreversible
investments may, e.g., be found in Dixit and Pindyck (1994), Trigeorgis (1996), and
Amram and Kulatilaka (1999). Smit and Trigeorgis (2004) provide many examples on

how to combine real options and game theory. A recent literature review on options



and games are presented in section two in Smit and Trigeorgis (2006). My work also
contributes to the literature concerning the consequences of a risk sensitive regulatory
capital regime. In particular, | describe how banks optimal policies depend on whether
they are constrained by the current rule, the reduction in regulatory capital obtained by
applying the new rule, and on possible changes in outsiders’ capital requirement.

The model is presented in the next section. Section three provides a numerical ex-
ample for the implementation of internal rating based rules under Basel Il and the final

section summarizes the main points.

2 The model

2.1 Optimal capital and capital regulation

The optimal capital ratio maximizes the market value of the bank. A lower or higher
level of capital than the optimal capital causes therefore a reduction in value. The reg-
ulatory capital determines the lowest level of capital a bank can hold. If the regulatory
capital ishigherthan the optimal capital, the bank is required to be at what it considers
to be a suboptimal capital level. If the bank can choose between two regulatory rules
that give different levels of regulatory capital, it will select the one that gives the highest
market value of the bank. Figure 1 outlines the decision problem for two banksAbank

andB.
(insert Figure 1 approximately here)

The optimal capital for banR andB is y* andy*, respectively. Banld is constrained
by the current regulatory rufé and is obliged to hold at least the regulatory cap_,ii%)l.

If bank A chooses to be regulated by regulatory milethe new regulatory capital will
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be\_/(N). Under this rule the optimal capitgl is achievable, and the value of selecting
rule N is the increase in market value of the ba@k BankB is not constrained by either
of the regulatory rules and it will under both rules hold the optimal capital

The bank may choose when, if at all, to implement the new rule. The decision to
use the new regulatory rule is, however, irreversible. This, coupled with the fact that the
level of the future regulatory capital is uncertain, makes the new regulatory rule well
suited for being analyzed as a real option. The banks hold an American option with an
infinite exercise date to implement the new regulatory rule.

In order to focus attention on the capital ratio and to facilitate the derivation of
the value of choosing between the regulatory rules, | make the following simplifying

assumptions.

1. Separability of operational decisions and the level of capifethe profit poten-
tial of the bank is determined by operational decisions, such as lending and loan
rate decisions, market and segment strategies, and selection of technological plat-
forms. The separation of operational and financial decisions (capital ratio), is not
novel. This separation also follows, e.g., from the results in Miller and Modigliani

(1958).

2. The capital ratio only influences fixed castBy fixed costs | mean costs that
do not vary with the bank’s activity level as measured, e.g., by sales or lending
growth. This assumption is in the spirit of Jensen (1986) where the debt ratio

influences operational efficiency, but here only fixed costs.

3. Costless adjustment of capitdh the case of an optimal capital ratio, there will
be no timing considerations involved in capital adjustment, as in Fischer et al.

(1989). The bank will always hold capital at the optimal level.
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The regulatory capital will take into account the level of credit risk in a bank’s loan

portfolio. The credit portfolio’s expected loss rate may be described as an Ito processes,

du = f(pe, t)dt+ o, t)dW, 1)

wheredW is an increment of a standard Brownian motion and where thefdrift) and
volatility o(-,-) may be functions of the underlying loss rate and time. Realized losses
on a portfolio may be decomposed into two pagspectedand unexpectedosses.

This approach is incorporated into the Basel Il rules, see, e.g., p. 48 in Basel Committee
on Banking Supervision (2004) where this decomposition is used in relation to the use
of internal credit risk models. In fact, tail events are categorized as unexpected losses.
Capital buffers of banks, or regulatory capital, are supposed to absorb losses created by
such events. Under the Basel Il rules for internal models the computation of regulatory
capital is based on the probability of defau¥) and loss given defaulLGD). The
product of these two parameteB{ x LGD) represents, however, the expected loss
rate. With assumptions about loss given default, it is therefore sufficient to focus on
expected losses in order to compute the regulatory capital.

The cost ratg(y, &) is a function of the capital held in the bank and, possibly, the
credit loss rate. In order to obtain a unique optimal capital rate, | assume that the cost
rate is a strictly convex function of capita{(y:, t) > O for all ). The optimal capital
in absence of capital regulatioyt,(1t ), is the capital that minimizes the cost rate (and

thereby maximizes the market value of the bank). The highest of this capital and the

2Accumulated realized lossés may, e.g., be modelled as an Ito process of the form
di; = utdt+ot<u)dw(u>, wherel is the expected loss rate and where unexpected losses are captured

by the ”ct(u)dV\{(U)”-term, and WhereJIV\{(U) is the increment of a standard Brownian motion, possibly
correlated with the Brownian motion in equation (1).



regulatory capital with ruleéis the optimal capital under this rule, i.e.,

W =max|y (). Y ()], i€ {CNJ, @

wherey* (1) is regulatory capital, and whet@ andN refer to the "current” and the

"new” regulatory rule. The present value of costs under regulatoryi isle

ek =2 [ et Ug(maxy .y ) pds) i€ (CN), 3

where I;?(-) is the expectation operator under the equivalent martingale meQsume-
ditioned on information at timé andr is the constant instantaneous risk free interest
rate.

The payoff from the option to implement the new rule at the exercisetdadglials

the value of reduced costs less implementation dgste.,
Ze = Vi [K© =V KN -1 1=t (4)

The market value of the option at timievhen exercised at a future time Z{ is then
equal to

7' =EQ (e*f@*t)zT) t<T, (5)

whereZ, is the option’s exercise payoff. With admissible exercise ddtethe market

value at time with the optimal exercise strategy is

Zf=supZ,t<T. (6)
17T

It is customary to express exercise policies in terms of threshold levels for the state
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variable. It is reasonable to assume that policies are such that the exercise of the
options are optimal when the risk leyglis equal to or lower than a threshold leygt.
Waiting, or non-exercise, will then be optimal at higher risk ledels

Analyzing the implementation decision by applying equations (3)-(6) is standard in
the real options literature. It is well known, see, e.g., McDonald and Siegel (1986), that
an option to delay the investment decision may create a positive hurdle that the value of
the investment must pass before the investment is made. In our case it is worth noting
that it will not be optimal for a bank that is constrained by r@leo implement the new

rule if this leads to an immediate increase in regulatory capital.

Proposition 1 (Condition of non-increasing regulatory capitaltf) the implementation
cost is zero and if the bank is constrained by regulatory rule C, it will only implement

the new rule N if the new rule does not give an immediate increase in regulatory capital.
Proof. See appendix. O

Large banks where the main investments already have been made may be considered
to have approximately zero implementation costs. For these banks one would not expect
to observe an increase in regulatory capital at the implementation time.

It is also worth noting that if a bank is unconstrained by the currentQuié will

not invest in ruleN if the investment cost is larger than zero.

Proposition 2 (Non optimality ofN if the bank is unconstrained I63). If the investment
cost is larger than zero and if the bank is always unconstrained by rule C, it will not be

optimal for the bank to implement rule N.

3Conditions for securing that the exercise of the option is optimalfor 1*, and waiting to be
optimal otherwise, is, e.g., discussed on page 128 in Dixit and Pindyck (1994).
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Proof. The result follows from the fact that the optimal capital ratio is not influenced by
the choice of regulatory rule. The new regulatory rule may only cause an increase in the
capital held by the bank. The value of the cost savings will therefore not be positive and

the bank is therefore not willing to pay a positive implementation cost (investment).

2.2 Signaling

At low capital levels it may be reasonable to assume that outsiders to the bank will re-
quire extra compensation for holding an exposure to the bank. At low capital levels the
bank may then have to balance the benefits of increased efficiency (lower fixed costs) in
the bank against the additional required compensation from outsiders. Introducing risk
compensation relaxes the assumption that the capital ratio only is relevant in determin-

ing fixed costs. Figure 2 depicts the situation for two bamkkandB.
(insert Figure 2 approximately here)

Either bank may be of typkel or L. The outsiders will require extra compensation if

the level of capital is belov!H or \_/'- respectively. In order to minimize fixed costs,
bank A would prefer to hold a capital level gf. If the bank, however, is classified

as a typeH bank, it will be optimal to hold a capital level qf* At this capital level

the bank has a higher cost rate than at the optimum, but it avoids paying additional
compensation to outsiders. In this instance the bank is constrained by outsider’s required
risk compensation. Bank B is not influenced by the classificationtaal bank. It

will always hold the optimal capital levef. If the outsiders hold beliefg; that the
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bank is of typeH, the price for exposure may generally be expressed as

h(ve, b, ) if v < V(e pr)
TV, ey Pr) = (7

0 otherwise

whereh(-, -, -) is the required risk compensation when the capital is below the threshold
levely(,-).

The regulatory rule applied by the bank may give outsiders information about the
bank’s type. This information may be obtained from observing the level of regulatory
capital, or perhaps, the additional information that the bank is required to make public.

The regulatory capital is

_ y©) if i=C
\_é,): YW() o ifi .

YV (w,B) if i=N, Be{LH},

where the bank’s typp may determine the regulatory capital with the new le

With no strategic interaction between the outsiders and the bank, the optimal capital
under a regulatory rule is according to equation (2) the highest of the efficiency maxi-
mizing capital and the regulatory capital. The bank may, however, also be constrained
by the capital level implicit in the the outsiders’ required compensation. The following

assumption simplifies this argument.

4. It is optimal for banks to hold enough capital to avoid additional exposure com-
pensation from outsiderd his will be the case if the increased costs of exposure
compensation due to a reduction in capital below the threshold level always are

larger than the increased efficiency benefits (reduced fixed costs).
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When outsider’s exposure compensation is included, the optimal capital ratio under

regulatory ruld is

W = max |y (), vike, )Y i € {CN), ©)

i.e., the highest of the efficiency maximizing capifé(L), the capital necessary to

avoid exposure compensatigfl, p), and the regulatory capitgi® (i) or y™ (i, B).
Because the optimal capital ratio in equation (9) always secures that the risk com-

pensation in equation (7) is zero, the capital ratio will onfly influence fixed costs. The

value of the fixed costs is now

Vil 7 €2 [ e 1 Dgtmaxy () vk o) ds) € (G, (10)

where the regulatory capital is given by equation (8). Equation (10) is identical to
equation (3), except for the inclusion of possible constraints in capital induced by the
outsdiers and the regulatory capital that may depend on the bank’s type. The outsiders’
belief p; may depend on the bank’s decision of whether to introduce the new regulatory
rule. If the new rule fully reveals the bank’s type, then the outsiders simply can observe
the bank’s required capital and update their belief about the bank. The strategic inter-
action between the bank and the outsiders may be modelled as a signaling game. The
bank first decides whether to implement the new rule at timreto continue to use the

old rule. The outsiders observe the bank’s action. If the bank chooses to implement the
new rule, the outsiders observe the regulatory capital and update the belief accordingly.
If the bank does not implement, the outsiders update the belief based on this. One way

to solve this game, i.e., to derive strategies for the bank and the outsider, is to apply the
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concept of a Perfect Bayesian Equilibrum. In this equilibrium both players’ strategies
are optimal (perfect) and the updating of beliefs is based on Bayes’ rule, wherever pos-
sible. A formal presentation of the interaction between the bank and the outsiders and
the definition of a Perfect Bayesian Equilibrium is given in the appendix. It is worth
noting that the action of the outsiders is to select a pricing schedule based on the belief,
m(-,-, pt). Outsiders are indifferent between being exposed to banks with diffp'eas
long as they receive the required compensation. In this sense, the optimal action chosen
by the outsiders (the pricing schedule) is totally determined by the beliefs.

Will the outsiders’ beliefs and actions influence the bank’s decision of whether to
introduce the new rule? If the outsiders playassive roletheir actions do not influence
the bank’s decision. There may, however, also be situations witltéwve rolefor the
outsiders. Consider the case where only a tyfmank would implement the new rule.
If the implementation threshold for a typebank that wrongly is considered to be a
typeH bank,u**(L | H), is higher than the implementation threshold for a tideank
that is classified to be a typgebank,u™ (L | L), then the outsiders’ classification of the
bank may influence the implementation decision if the expected loss rate is between
the two thresholds, i.ey™(L | L) < ¢ < (L | H). Figure 3 shows this situation,
and it also shows how the path of the state variable may influence the time when the

implementation of rule N takes place.
(insert Figure 3 approximately here)

Assume initially that the belief is that the outsiders are facing a kypank (pg = 0).
None of the bank types would implement the new rule at first. If the belief is not
updated before the bank implements the new rule, the bank will implement the new rule

the first time that expected losses is equaktdL|L), i.e., at timet”. If, however, the
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belief is such that "all banks that do not implement the first time that credit losses are
equal top™(L|H) are typeH banks”, it will be optimal for the outsiders to increase the
required exposure compensation at this time. The bank knows the belief, and with the
knowledge about the outsiders’ action in case it does not implement, it will be optimal
for the bank to implement the new rule. This happens at tim&here are, however,
several possible equilibria in the game pictured in Figure 3. Consider the case where the
belief is that the non implementing bank at titfeis a typeH bank. The typd. bank
will implement at this date, provided that the expected credit loss is not higher than
the maximum threshold™(L|H). In signalling games solved by selecting a Perfect
Bayesian Equilibrium, there is a circular relationship between beliefs and strétegies
One method for selecting between equilibria may be to pick the equilibrium with the
earliest implementation date. This would be the equilibrium where the new rule is
implemented at timé& in Figure 3.

The role of the outsiders depends on how they influence the bank’s optimal capital
level. If the bank’s type is revealed when it implements the new regulatoryNule
the most interesting question is how outsiders may influence the capital ratio under
the current regulatory rul€. "Good quality” banks (typd. banks) unable to convey
its proper type to the outsiders, may see the new Kukes a means of correcting the
outsiders’ perception of the bank. If the banks do not implement the new rule, they risk
that the outsiders reconsider and think that they are facing "bad quality” banksHtype
banks). In order for the outsiders’ change in perception to influence the implementation

decision, it is necessary for the capital to increase undeQule

Proposition 3 (Active role for outsiders)If the bank’s type is revealed by the new rule

4Fudenberg and Tirole (1996) comment on this circularity on page 326: "Note the link between
strategies and beliefs: The beliefs are consistent with the strategies, which are optimal given the beliefs”.
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N, the outsiders may only influence the implementation decision by making the bank
constrained by the outsiders’ required compensation under the current regulatory rule

C.
Proof. See the appendix. O

"Bad quality” banks know that their type will be revealed if they implement the
new rule. If the banks are perceived to be of a better quality than they actually are, the
benefits of introducing the new rule will therefore be caused by a reduction in regulatory
capital and not by a reevaluation of the banks’ type. If the bank is always constrained
by the outsiders’ exposure compensation under the current rule when it is correctly
classified, i.e., whem(c) = Y(l, 1) for all t andy, the bank will not implement the new

rule.

Proposition 4 (Non optimality of N if the bank is always constrained by outsiders’
required compensation)f the investment cost is larger than zero and if a correctly
classified bank always is constrained by the outsiders’ required compensation under

the current rule C, it will not be optimal for the bank to introudce rule N.

Proof. As in Proposition 2, the result follows from the fact that the optimal capital
ratio is not influenced by the choice of regulatory rule. The new regulatory rule may
only cause an increase in the capital held by the bank. The value of the cost savings
will therefore not be positive and the bank is therefore not willing to pay a positive

implementation cost (investment). Il
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3 Internal models for credit risk under Basel Il

3.1 Internal models

The regulatory capital ratio at timey, is computed as

_ S
ZkAt(k)

Yt (11)
where$§ is the acknowledged regulatory capital amfﬁ) is the risk base, or "amount of
potential losses” attributed to risk tyje A regulatory rule specifies the minimum level

of the regulatory capital ratio, the rules for specifying aknowledged capital, the types of
risk (k) included in the risk base, and the specific rules for computing the risk base. The
risk types may, e.g., be operational risk, credit risk, and market risk. The risk base for

credit risk is a weighted sum of the individual loans, i.e.,

A{(cr) _ Zwt(i7cr)|_t(i7cr), (12)

whereL"® is loani andw{"®" is the corresponding risk weight. Note that if the de-

nominator in equation (11) equals the nominal value of total assets, the regulatory capital
equals the book capital (equity) ratio, provided that the acknowledged capital is equal
to book capital. Note also that the authorities in a country may make descritionary
decisions regarding the level of capital that banks should hold. In such cases banks are
constrained by these discretionary rules, but not necessary by the minimum capital level

computed according to equation (11).

51t may be possible that the regulatory capital increases while the book capital decreases. Consider
the case when both the risk base (the denominator) and the capital (numerator) decreases, but that the
risk base decreases more than the capital. If total assets are unchanged, the regulatory capital ratio will
increase, while the book capital ratio will decrease.
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Basel Committee on Banking Supervision (2004) recommends new rules for capital
measurement and capital standards. These rules are often referred to as Basel Il. Basel
Il rests on tree pillars. The first pillar is minimum capital requirement, the second pillar
covers the supervisory review process, and the third pillar is market discipline. Under
the first pillar, financial institutions may choose between three alternatives for comput-
ing necessary capital related to credit risk; the standardized approach, the Internal rating
based (IRB) foundation approach, and the IRB advanced approach. Under the standard-
ized approach the weights in equation (11) are constants. Under the IRB approaches the
weights are computed based on estimates of probabilities of default (PD) and expected
loss given default (LGD). With the IRB foundation approach it is assumed that the loss
given default is 45 per cent of the exposure. Under the IRB advanced approach, the bank
also uses own estimates for LGD. The IRB approach can be reconciled with value-at-
risk models for credit risk, see Gordy (2003). For completness, a short summary of the
IRB approach under Basel Il is given in the appendix. The standardized approach may
be compared to the "current regulatory r@leédescribed in the previous section, while
the IRB foundation or advanced approach refer to the "new regulator\Nrfule

In order to simplify the exposition | base my computation only on expected per-
centage credit losseg on an underlying portfolio. | extract the average probability of

default at time from expected losses by dividing by the parameter LGD, i.e.,

PD; = max[0,min[1,/LGD]], 0<LGD<1. (13)
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3.2 Creditrisk

| consider the case where the instantaneous change in expected percentage credit losses

on the portfolio develops according to an Ohrnstein-Uhlenbeck process,
du = K(0 — ) dt+ odW, (24)

whereb, Kk, ando are nonnegative constants and whave is the increment of a stan-
dard Brownian motion. The parametgrs the long term mean of expected losses. The
speed of reversion to the long run mean is captured by the pararmeiédre process

(14) corrected for the price of risk is
Ye)
dM:K(e—?—ut)dt—f—OdV\{*, (15)

whereW* is a Brownian motion under an equivalent martingale measure) asithe

price of risk related to unexpected changes in expected losses. The price of risk equals
the required compensation beyond the risk free interest nater{ per unit of risko,

ie.,

-1 (16)

One procedure to determine the price of risk is to compute the required expected return
(n) on holding an asset influenced by the specific risklly applying the CAPM, see,

e.g., p. 115 in Dixit and Pindyck (1994) or Nordal (2001) for an application. | would
expect the price of risk in (16) to be negative because it is likely that expected losses

(losses are measured as a positive number) are negatively correlated with the return on

20



the market portfolio. | may alternatively write (15) as
du = K(0" — i )dt + odW*, a7)

wheref* = (6 — Ao /K), see, e.g., Bjerksund and Ekern (1995) or Schwartz (1997). The
effect of the correction for the price of risk is therefore to reduce (increase) the "long

term mean” if the price of risk is positive (negative).

3.3 Value and threshold levels

| build a trinomial tree for the state variablge as in Hull and White (1994). Table 1
shows the assumptions for the benchmark example. In the benchmark example | do not
differ between types of banks. The unregulated optimal capital is a copstagtial to

6 per cent. | have used a risk free interest rate of 4 per cent, ajpee unit of risk

in the development in expected losses of -1 per cent, and a volatility of expected losses
o equal to 0.5 per cent. | have further used a time step of 0.25 (quarters). The long
run mean of expected losses in the risky portfolio is 0.5 per cent. The long run mean
under the risk neutral probability is 0.51 per cent. The value of the new rule is found by
using an evaluation period of 50 years. For every node in the tree the present value of
the advantage of using the new rule instead of the old during the next time g¢ri®d

computed &
(e (1O )y as) = BEE (1 ) -y ).

(18)

6This means that the reduction in the cost raigi”") — g(y"), is approximated to be equal to

vO* _yN* over the relevant interval of the state variaple
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The regulatory capital is 8.0 per cent for loans under the currentGul&he bank

is assumed to hold a bufférof 2 per centage points above the regulatory capital. The
bank will therefore hold a minimum capital level of 10.0 per cent. The regulatory capital
under the new rule is derived by using the IRB model in Basel 1l with and without a
reduction for small and medium size entities (SMESs), see the appendix. Figure 4 shows
the regulatory capital for different levels of expected losses. The break even level of
expected losseg; making the regulatory capital with rulé equal to the regulatory
capital with ruleN with no reduction for SMEs is approximately 0.6 per cent. This

corresponds to a PD of approximately 1.3 per cent.

(insert Table 1 approximately here)

(insert Figure 4 approximately here)

Figure 5 shows the value of the "immediate implementation” and the "option to imple-
ment” alternatives for different levels of current expected logseBhe values decrease
when the level of current expected losses increase. | have shown the values for dif-
ferent levels of the parameter representing the force of mean revarsidhe curves
showing the values become less sensitive to the current level of risk when the half life
is reduced (i.e., when the force of mean reversion increases). With strong mean rever-
sion, the current risk level means less for the value. The implementation thresholds are
approximately 0.9 and 0.6 per cent when the half lives are, respectively, 1 and 5 years.
Table 2 shows the implementation thresholds with and without a "wait” option for dif-
ferent assumptions about SME compensation, the force of mean reversion, the size of
the implementation codp, and the rate of reductiod in implementation costs over

time. The investment threshold is much lower when the bank has an option tqiwait (
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compared to situation where it has no such optjon. (Future reductions in implemen-
tation costs reduces the implementation thresholds further. Note that this reduction is
not included in the evaluation of the "now or never” implementation alternative. The
investment thresholds are generally higher with full SME compensation. This reflects
that the value of the option to use the new rule is higher with full SME compensation.
Figure 6 shows the implementation threshold for a tipeank that faces a non-
implementation capital requirement from the outsidey(@ = 1). The bank will be
assigned an outside capital requirement of 6 per cent when its type is known. The imple-
mentation threshold does not increase and is approximately 0.7 per cent as long as the
bank is constrained by rufe. In this case there is no active role for the outsider. There
is an active role for the outsider only when the bank becomes constrained by outsiders’
required exposure compensation. This happens when the outside capital requirement
is higher than 10 per cent. If the capital requirement is 11 per cent, the investment

threshold is approximately 1.3 per cent.

(insert Figure 5 approximately here)

(insert Table 2 approximately here)

(insert Figure 6 approximately here)

3.4 IRB implementation by Norwegian banks

Banks in Norway were allowed to start using the IRB approach on January 1st 2007,
provided that the Finanical Supervisory Authority of Norway (FSAN) had approved the

banks’ internal models. Observations of which of the banks that implemented the IRB
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approach during the initial period in 2007 may give some information about the assump-
tions and the implications of the model presented in the previous section. According to
the model, banks want to implement the IRB approach in order to reduce capital. This
reduction in capital allows the banks to increase the efficiency (reduce fixed costs) and
thereby to increase the market value of the bank. In order for the level of capital to matter
for fixed costs, it seems reasonable that the bank should be sufficiently large. Managers
and owners in small banks are probably more able to control efficiency (cost control)
without adjusting the capital level. Based on this | would expect that only relatively
large banks with low regulatory capital levels (an indication that the bank is constrained
by the current regulatory capital) are candidates for implementing the IRB approach.
Table 3 shows summary statistics for the twenty banks with the lowest regulatory Tier 2
capital at December 31 2006. The mean capital ratio among the 139 Norwegian banks
was 17.0 per cent and the median was 15.9 per cent. The lowest capital ratio was 9.2 per
cent and the highest was 60.1 per cent. If one, e.g., assumes that banks with Tier 2 capi-
tal less than 11 per cent and with total assets larger than NOK 50 billion (approximately
EUR 6.1 billion) are candidates for implementing the IRB approach, we are left with six
banks. These banks are written in bold in Table 3. Two of these banks, Fokus Bank and
Nordea Bank Norge, are, however, affiliated with foreign bank groups. The implemen-
tation of the IRB approach is likely to be coordinated centrally within these groups. The
remaining four banks among the "most likely candidates” have implemented the IRB
approach. Sparebank 1 Midt-Norge also implemented the IRB approach, even though
the Tier 2 capital at the end of 2006 was 12.2 per cent. According to the transition rules,
the banks cannot reduce the regulatory capital for the years 2007, 2008, and 2009 more
than to a level of, respectively, 95, 90, and 80 per cent of the required capital under the

Basel | rules. According to the half year accounts for the five implementing banks, the
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regulatory capital under the transition rules and under the old rule (in parantheses) were
11.1 (10.6) per cent for DnB NOR, 10.7 (10.2) for Sparebank 1 SR-Bank, 10.4 (9.9)
for Sparebank 1 Nord Norge, 12.3 (11.7) for Sparebank Midt-Norge, and 9.3 (8.9) for
Sparebanken Ve5tThis means that the IRB approach has given lower risk weights and
has made the denominator in the computation of the capital ratio (equation (11)) lower.
It is too early to determine whether the lower level of risk weighted assets will lead to a
reduction in the capital level (the numerator in equation (11).

As of June 30 2007, three Norwegian banks had applied for IRB approval in addition
to the five implementing banks. Only one of these banks, BNbank, is not included in
Table 3. BNbank had Tier 2 capital of 15.2 per cent and total assets equal to NOK 35.4
billion at year end 2006. The reason why Bank 1 Oslo applied, even though it relatively
small, may be that it is cooperating with three of the implementing banks, Sparebank 1
SR-Bank, Sparebank 1 Midt-Norge, and Sparebank 1 Nord Norge, within the Sparebank
1 group.

(insert Table 3 approximately here)

4 Summary

| have analyzed banks’ incentives to introduce a risk sensitive regulatory capital rule.
The underlying premise is that the level of capital influences the market value of the
bank. The level of credit risk in the bank’s loan portfolio determines the regulatory
capital under the risk sensitive rule. Uncertainty regarding the future level of credit

risk influences the bank’s decision. In general, banks’ optimal policies will depend on

"The capital ratio applies to the Sparebanken Vest Group and not the parent bank.
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whether they are constrained by the current rule and on the reduction in regulatory cap-
ital obtained by applying the new rule. The bank’s customers and other stakeholders in
the bank may also influence the decision. | explain how different assumptions regarding
outsiders’ required compensation for being exposed to the bank may influence the opti-
mal policies. | present a numerical example for the use of internal models for measuring
credit risk under the Basel Il approach. The evaluation framework may more generally
be used to evaluate banks’ decision making in situations where banks are given an op-

tion to irreversibly select between a set of regulatory rules.
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A A signaling game

This appendix formalizes the game between a bank (player 1) and an outsider to the bank

(player 2). By the assumptions in section 2.1 of the paper, the optimal capital ratio at

timet is the highest of the efficiency maximizing capital, the threeshold level implicit in

the exposure compensation schedule, and regulatory capital. This optimal Vé%ital

is defined by equation (9). The game concentrates on the interaction between player

1 and player 2 related to the implementation of the new regulatory rule. Player 1's

strategy is to pick the optimal implementation timePlayer 2's strategy is to demand

the proper exposure compensation conditioned on the belief, the level of credit losses

and the capital held by player 1. The strategies at tinsethe bank and the outsider’s
plan for how to play the game at timeS = {él),éz)}. The strategies available to the

parties depend on the histanyof the game. The history at timas
he={S s, Y, ps}, 0<s<t, i€ {C,N}, (19)

i.e., the history contains the players’ previous actiSgshe history of expected credit
lossesys, the regulatory capita\_kg), and the historyps of the belief that the bank is a

typeH bank. The action space at timeA(hy) is

9 Sy ) MS f hs, t
Ay = (a,a2y = | TR P TR S<t (20)

{o,1(ys, s, ps)}  Otherwise

wheret is the implementation date for regulatory riNe andi(ys, Us, ps) is player 2’s

required exposure compensation, see equation (7). We see from equation (20) that the

history may only limit the bank’s actions, because the decision to implement the new
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rule N is a one-time irreversible decision.
The bank’s information set at timig Ft(l) consists of the history and the tinte

(1

realization of the state variabla, i.e., K ) = {ht, i,k }. Player 2's information set

contains in addition player 1's action at timend the bank’s regulatory capital, i.e.,
() _ (D) i)y i
Ft _{htaplva{ 7Yt<l)}7 I E{CaN}
The continuation game starting at timmeontains the game played at timhand the
games played at all future times. The players’ payoff from future play depends on the
future play and the future level of the state variable. The set of all possible histories is

H®. Player 1's payoff from a particular history of the pl&§, is

Ue(h°,B) = E2 ( /t me_r(s_t)—g(maX[W(Us)>Y(U57ps)a\_/g)],Us)dS>, (21)

st. {T,ps,y_g) ‘t<s<o}eh®
and whereg/) =y only if T < sandy" = y{©) otherwisé. Player 2's payoff is

Uae(r) = & ([ o Imtmax{y (be). v po) ] i PolOS) . (22)

st. {T,ks, Ps:t <s< o0} € h®,

wherea is a nonnegative discount rate and where the regulatoryi nslequal toN

only if T <t andC otherwise. Note that the formula for the optimal capital rayﬁb*

is included in the exposure compensation function in equation (22). This compensation
function is optimal for player 2 (by assumption) condition on the capital held by player

1, the credit loss rate, and player 2’s belief about player 1's type.

8The payoff according to equation (21) equals the present value of cash flow, where the cash flow rate
is the negative of the cost rate. Except for this change of sign, equation (21) is equal to equation (10).
With this change of sign an optimal strategy maximizes the cash flow, i.e., minimizes the present value of
costs.
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The players’ strategies for this continuation game conditioned on the information
set at timet is SR = {SY|RY,S?2|R?}. Player 1's payoff from a specific strategy

combination is
U (SYIRY, S2IR? B) = Uy (h,p), st. {SYIRY SPIF? ) en,  (23)
and Player 2’s payoff is, similarly,
Uot(SYIRY S2IR@) = Uy (b2, B), st {SYIRY SPIEPren.  (24)

With a Bayesian update of the belief that the bank is a byfrank, wherever such an
update is possible, | may then define the Perfect Bayesian Equilibrium of the signaling

game.

Definition. A Perfect Bayesian Equilibrum of the game for the implementation of rule

N is described by the strategy pdig*|F\Y, 2%|F{!1 and the belief p | -), where

i) (Player 1's optimal policy:) For both L and H,
Uo(SV*RY, s2F2 B) > Uy (SVIRY, 2% P B), for all SVIRY € H®,
i) (Player 2's optimal policy:)
Uzo(SV* IRV S2IR2))) > Up(SDHRY SPIRE), for all SRR € He,

and

29



iii) (Belief:)

(

1 if T<tandy™ =y™(u,H)

Pt=140 if T <tandy™ =y™ (i, L)

P(t>t|B=H)P(B=H)

D) if T>t

\

where Rt >t)=P(1>t|B=H)PB=H)+P(1>t|B=L)P(B=L) and
P(t>t)>0.

B Proof of Propositions

Proposition 1

Proof. | follow the approach on page 128 in Dixit and Pindyck (1994). The optimal

exercize policy may be derived from the Bellman equation

Q) = max|Z(1), ES (Qprar)) €™ (25)

where the value functiof (k) is equal to the value of the implementation option. The
present value of the cost reduction if riNas implemented at time t i&(j ). If the

rule is not implemented, the bank gets the present value of the option value at time
t + dt. The expected payoff is discounted by the risk free interest riatethe time
perioddt, following the notation on page 122 in Dixit and Pindyck (1994). Exercise is

optimal if the exercise value is larger than the continuation value. The exercise value
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may be split into the immediate benefit and the value of the future benefit, i.e.,

Z (k) = g ")t — g(w" )t + ER (Z () €, (26)
Whereyt(i) is given by equation (2). We may then rewrite (25) as
Q) —Z(k) = 0, —g(v\<")dt + gy )t 27
(be) — Z(kk) max0,—g(y; ~ )dt+g(y * )dt+ (27)
ER (Qberat) — Z(perar)) €.
Because

EQ (Q(Heat) — Z(Herar)) € (28)

is honnegative by the definition of the Bellman equation at timelt, continuation

will always be optimal if—g(y\<") + gy

By assumption the bank is constrained by I(Dle'e.e.,\,/t(c))k = Y<C)(ut) according to

) >0.

equation (2). A higher capital requirement by rule N implies that the bank’s capital will
increase at the implementation date, M(BN)* = \_%N)(ut). The immediate benefit from
switching to the new rule will therefore be negative, and exercize of the option will not

be optimal.

Proposition 3

Proof. Attimet the flow of cost reduction from using the new riNe

g

optimal capital ratio with ruleN, yt(N)*, is known, the bank can always obtain the new

)— (yt(N)*), is determined by the optimal capital under the two rules. Because the

rule and obtain the accompanying cost rate. The outsiders may only influence the cost
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rate under the current rule by increasing the capital held by the bank. It is clear from
equation (9) that this can only be achieved if the bank becomes constrained, or more

constrained, by the outsiders required compensiation, i.e., v}ﬁ@n: V(P ) O

C Capital adequacy regulation

For completeness this section contains the main equations used to compute the risk
weights for business loans according to Basel Il. A detailed presentation is given on pp.
59-60 in Basel Committee on Banking Supervision (2004). The procedure to compute
the necessary capital under the IRB approach involves several steps. First the required
capitalSper unit of currency (corresponding to the risk weight per one unit of a loan)

is computed according to the formula

S—[LGDN(d)—LGD PD)]1+1('\_A 1_5255)b, (29)
where
1 0.5 4 R 0.5 4
d— (ﬁ) N—L(PD) + (ﬁ) N—1(0.999), (30)

M is the effective maturity, and (N) is the cumulative normal standard distribution.

The maturity adjustment factdis

b= (0.11852— 0.05478I(PD))?. (31)
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The correlation factoR is®

1_ g50PD 1_ 50PD

The correlation factoRSME for small- and medium-sized entities (SME) is given by
the formula

RSMEzR—O.O4<1—S;5) , 5<s< 50, (33)

45

whereRis given by (C) and is total annual sales.

Risk weighted asse®W Aare computed according to the formula
RWA= S12.5EAD, (34)

whereEAD is exposure at default measured in units of currency.

9For residential mortgage exposuRs- 0.15 andS= [LGD N(d) — LGD PD)], whered is given by
(30).
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Figures

Market value
of firm
A

Bank A

/ Bank B
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N) * (©) o

7 7 Capital ratio

The Figure shows the relationship between the market value of total assets and the level of capital
for bankA andB. Both banks have unique optimal levels of capitaldndy*) that maximize

the market values of the banks. According to the current regulatory rule the minimum level
of capital isy®. Only bankA is constrained by this rule. If bank selects the new rule, the
minimum regulatory capital will bgN). BankA will then choose the optimal capital levgi

and increase the market value By BankB is not constrained by either of the two regulatory
rules and will choose to hold capital equal to the optimal 1§el

Figure 1: Optimal capital and regulatory capital
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The Figure shows the relationship between the fixed costg(ateand the level of capital for
bankA andB. Both banks have a unigue optimal levels of capifalgndy*) that minimizes

the market values of the fixed costs. The required rate of compensation by outsiders for being
financially exposed to the bank(- | -), is dependent on the type of bartk 6r L) and the level

of capital. At high levels of capital, the outsiders do not requireadditionalcompensation for

being exposed to the bank. The outsiders do, however, require extra compensation if the capital
level for a bank of typéd andL is lower thary- or y', respectively. The classification of bank

A as a typeH or L bank, determines the optimal capital for the bank. If bArig considered to

be a typeH bank by the outsiders, the cost rate of the bank will increase.bBankB is not
constrained by being classified as either tipm H, and it will therefore always choose to hold
capital equal to the optimal levél.

Figure 2: Optimal capital with exposure compensation
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The Figure shows the implementation threshott{L|H ) for a typeL bank when the outsiders
believe that it is a typéd bank and the implementation thresheid (L|L) when the outsiders

believe it is a typd. bank. The Figure shows one path of the state varipflexpected credit
loss.

Figure 3: Implementation thresholds dependent on the bank’s type implementation de-
cision
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Figure 4. Regulatory capital with the current and the new regulatory rule
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Figure 5: Exercise and option values for the option to implement the new regulatory
rule
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Figure 6: Implementation threshold as a function of non-implementation capital re-
quirement
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Tables

Parameter

Numerical value Description

,_
<<oco®Oaoxoom—-

> B

O

0.25
0.040
-0.010
10

50
0.100
0.000
0.005
0.231
0.005
0.450
0.020
0.060

time step

risk free interest rate

price of risk

length of option to implement in years
evaluation period in years

investment expenditure

depreciation rate for investment expendit
long run mean in percentage losses
speed of mean reversion

volatility of percentage losses

loss given default

buffer capital

ure

unregulated optimal capital

Table 1: Parameter values used in the numerical example
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No SME Only SME
Half life = 3 | Half life =5 | Half life =3 | Half life =5
10/ 00|10 01 |07 -0.1 |68 0.7 |41 0.6
-1.0/10 -01 |07 -0.2 6.8 05 |41 0.4
-20/1.0 -02 |07 -0.2 68 04 41 0.3
-30/10 -0.2 |07 -03 (68 03 |41 0.2
510014 01 (10 00 |79 09 | 4.8 0.7
-10/14 01 |10 00 |79 0.7 | 4.8 0.6
20|14 0 1.0 -01 |7.9 0.6 | 4.8 0.5
3.0/ 1.4 0 1.0 -01 1|79 0.6 |4.8 0.5

Numbers are in per cent. Threshold leyglsvithout an option to wait are found by setting the
implementation value equal to zero. Threshold leygtswith an option to wait are found by
finding the highest value of expected losses making the value of the "implement now” alternative
equal to the value of the option to implement. In both cases the threshold levels are approximate.
No SME means that there is no adjustment for small and medium size enterprisesSKagly
means that there is full adjustment for small and medium size enterprises.

Table 2: Implementation thresholds with and without a delay option
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