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Executive Summary

This paper formulates a simulation model of a bank balance sheet and analyzes
optimal choices of portfolio credit quality and funding maturity under different
assumptions about liquid assets requirements that may be imposed by regulators.
We employ industry standard approaches to modelling portfolio payoffs. Funding
costs are assumed to rise if impairment in asset quality generates a decline in the
bank’s rating. We parameterise the model to be consistent with balance sheet data
for two large UK banks at end 2009.

We examine the impacts on bank asset-liability choices of the two liquidity standards
proposed by BCBS (2009): (i) a requirement that banks hold sufficient liquid assets to
survive a funding stress scenario designed by regulators and (ii) a requirement that
bank liabilities weighted according to their relative stability exceed assets weighted
according to their relative illiquidity. (ii) represents a potential constraint on bank
asset-liability choices whereas (i) consists of a bank specific requirement to hold
liquid assets at no lower than a given level.

According to our calculations, the constraint in (ii) does not bind for the two banks we
examine. We model (i) as an exogenous upward shift from current levels in liquid
asset holdings. Both banks we examine held liquid assets at around 7% at end 2009.

We experiment by raising the liquid asset requirement in (i) to 10% and 12.5% of
assets. For both banks, the effect is to increase the short-term funding and bank
employs and to induce it to hold more risky assets.



1. Introduction

The crisis of 2007-2008 involved a major collapse in the availability of bank liquidity.
Losses on opaque structured products generated concerns about the solvency of
many banks, disrupting interbank lending. Over-night interbank markets became the
only way in which banks could obtain funding (except though central bank
intermediation) and interbank spreads at longer maturities soared. (Brunnermeier
(2009) and Taylor and Williams (2008) provide descriptions of the crisis.)

The crisis brought into question the capital-focused approach to banking regulation
that has held sway since the early 1980s. At that time, a consensus emerged
(embodied in the 1988 Basel Accord) that the primary tool of banking regulation
should be capital. While the recently enacted Basel Il rules contained a general
requirement that banks manage their liquidity risk, this requirement represented a
minor and relatively non-binding part of the package of measures.

Now, banks and their regulators have woken up to the fact that being solvent is not
enough. A bank must also ensure that its funding is stable. Otherwise it may be
subject to crises of confidence or runs affecting its wholesale funding and possibly,
even its retail deposits if deposit insurance coverage is incomplete. The potential for
such runs has been extensively studied (see for example Diamond and Dybvig
(1974)) but regulators and firms had lost sight of its empirical relevance for large,
well-diversified banking institutions.

The regulatory response to the newly perceived importance of funding risk has been
to propose liquidity standards for banks. BCBS (2009) contains proposals on liquidity
standards for internationally active banks. A year earlier, the UK’s Financial Services
Authority (FSA) had issued rules and guidance on liquidity monitoring and
management for a wide set of UK financial firms including insurers and securities
firms as well as banks (see FSA (2008)).

The Basel document (BCBS (2009)) proposes placing two important new
requirements on internationally active banks. First, banks will be obliged to hold liquid
assets sufficient to withstand the significant curtailment of available funding for a one-
month period. The scenario that the bank’s funding approach must be able to
withstand will be provided by the bank’s supervisor in the form of a bank-specific
stress test. This requirement is called the Liquidity Coverage Ratio (LCR).

What exactly constitutes liquid assets in this context has been contentious. The most
conservative option would be to define liquid assets as Treasury bills and central
bank deposits. More broadly, it might include high quality sovereign bonds. Broader
still would be to include high quality corporate bonds and even possibly some of the
assets that central banks have recently accepted as repo collateral, namely
structured products.



The second liquidity requirement proposed by BCBS (2009) obliges banks to
maintain adequate levels of stable funding relative to the marketability of its assets.
The restriction is expressed in the form of a requirement that available stable funds
(calculated as a weighted average of different funding types with weights reflecting
the stability and reliability of the funding source) must exceed a weighted average of
assets (where the weights this time reflect the degree to which assets would prove
difficult to liquidate in a crisis). This requirement is called the Net Stable Funding
Ratio (NSFR).

The NSFR may be viewed as a linear restriction on possible combinations of assets
and liabilities that the bank is permitted to hold. If it binds, this restriction will
constrain what combinations of assets and liabilities banks may hold.

Instead, the LCR is simply a requirement placed on banks by regulators to hold
adequate liquid assets. Conceivably this might also be thought of as a restriction on
acceptable asset-liability combinations but since it is less clearly parametric in
approach, we will treat it in our analysis as a requirement to boost liquid assets.

Banks may satisfy the new requirements by altering their asset allocation,
substituting liquid assets for the less liquid assets in their portfolios. Alternatively,
they may satisfy the ratios by altering the balance of their funding between short- and
long-dated funding instruments.

Natural and important questions to ask are: how and to what extent banks’ behavior
may be affected by the new liquidity standards and how much will this affect the
wider macro-economy? These questions are the subject of this paper.

Specifically, this paper analyzes the likely impact of liquidity regulations on banks
asset and liability maturity choices using a microeconomic model of banks’ balance
sheets. We formulate a stochastic simulation model of a bank’s equity and
parameterize this for several large UK banks.

We then proceed by simulating the pay-off on the equity interest in the balance sheet
for different choices of asset quality and funding maturity profile. We determine the
optimal portfolio and funding choices of banks under different assumptions about risk
aversion.

The analysis is performed, as far as possible, using industry standard techniques for
modeling loan losses, credit quality and term structures. To this extent, the
calculations may be thought of those that would be performed by a quantitative
analyst working in a bank tasked with analyzing how the bank’s asset-liability
decisions should be altered in the light of new liquidity regulations.

The stochastic behavior of the bank’s credit portfolios (either loans held in the
banking book or negotiable credit instruments held in the trading book) is modeled
using diversified pool exposures (which generalize the well-known Vasicek loan loss
distribution) developed by Lamb and Perraudin (2008).



We model the choice of funding maturity within a stochastic model of the term
structure. The bank is influenced by the need to balance the duration of assets and
liabilities given the relative cost of short and long funding. We also build into the
model, however, the fact that the bank is influenced by possible increases in its
funding costs if its own rating declines.

Our calculation is stylized and we do not have full information about banks’ balance
sheets. It is nevertheless interesting to note that, for the two banks we examine, the
linear constraint on assets and liabilities fails to bind with the current configurations of
assets and liabilities that we observe in our two banks. This may reflect the fact that
banks currently (so soon after a major banking crisis) possess relatively defensive
balance sheets. This might no longer be true at some point in the future when
funding has become easier and the discount on illiquid assets is not so great.

However, when we introduce a requirement (based, say on a supervisor-imposed
stress scenario) that liquid assets rise from their current level of 7% to 10% and then
12.5%, we observe significant substitution effects, with our two banks both increasing
their short-term financing and the riskiness of their assets.

Our analysis of liquidity requirements is comparable to past studies of how capital
requirements affect bank portfolio choice. Kim and Santomero (1998) employ a
simple mean-variance framework to argue that increases in the level of non-risk-
sensitive capital requirements could induce banks to substitute significantly towards
higher risk assets. Blum (1998) finds comparable results in a dynamic model. Calem
and Rob (1999) employ dynamic models to examine risk-sensitive capital
requirements and suggest that higher capital may at first lower and then increase risk
taking.

The structure of this report is as follows. Section 2 describes the relevant literature on
liquidity. Section 3 discusses empirical and theoretical evidence on how banks may
react to liquidity standards. Section 4 sets out our microeconomic simulation model.
Section 5 presents the results when the model is a parameterized to match features
of two large UK banks. Section 6 concludes.

2. Literature

A substantial literature on liquidity has emerged in recent years. This includes
(i) Studies of the impact on the prices of traded securities of their (market)
liquidity,
(i) Studies of how levered financial firms and in particular banks are affected by
(funding) illiquidity in their balance sheets,
(iif) Recent papers that have attempted to study how funding and market liquidity
interact in equilibrium.



In this section, we summarize the main contributions to this literature and then draw
conclusions relevant for liquidity regulation in banks.

The impact of liquidity on the prices of assets or alternatively the expected returns on
assets has been examined by many studies. Significant contributions include Amihud
and Mendelson (1986), Silber (1991), and Pastor and Stambaugh (2001) on equity
securities, and Amihud and Mendelson(1991), Warga (1992), Kamara (1994), Elton
and Green (1998), and Krishnamurthy (2001) on Treasury bond. Delianedis and
Geske (2002), Houweling, Mentink and Vorst (2005), Longstaff, Mithal and Neis
(2005), De Jong and Driessen (2006), Chen, Lesmond and Wei (2007) and
Perraudin and Taylor (2007) study the effects of liquidity on corporate bond spreads.

Primarily empirical, the studies in this literature either examine the association
between proxies for illiquidity and discounts or additional expected returns in
securities or attempt to identify pricing differences between exposures to the same
risk attributable to liquidity differences.

Several theoretical papers (see Allen and Gale (1994), Dow (2004) and Plantin
(2008)) have examined what influences liquidity in individual instruments in particular
focusing on how liquidity may be self fulfilling and there may alternative equilibriums
with high and low liquidity.

In the model we develop below, shocks to asset values are driven by credit factors
rather than a combination of credit and liquidity factors. The parameterization of
portfolio value change volatility is however conservative so one could think of the
return volatility that arises as including both types of volatility even if the modeling of
liquidity is not explicit.

The literature on funding liquidity is closely linked to the strand of banking theory that
emphasizes bank maturity transformation and the cost of liquidating bank loan books
early. Classic contributions by Bryant (1980) and Diamond and Dybvig (1983)
suggest that the sequential nature of bank deposit withdrawals together with the
illiquid nature of bank assets creates the possibility of multiple equilibriums some of
which involve banks runs and some of which do not.

More recently, Diamond and Rajan (2005) have argued that bank runs help to
mitigate agency problems between banks and their outside investors. Specifically,
they argue that the possibility of runs allows banks to commit to exercising their
relationship banking expertise and hence makes the equilibrium more efficient. In the
presence of stochastic shocks, banks hold capital to prevent value-reducing runs so
the determination of capital and optimal allocations between liquid and illiquid assets
and liabilities are tightly connected.

Following the recent crisis, a new literature on liquidity and financial market frictions
has emerged including amongst others Acharya and Viswanathan (2008), Acharya,
Yorulmazer and Shin (2007), Adrian and Shin (2008), Shin (2006) and Brunnermeier
and Pedersen (2008). These papers stress moral hazard problems as market friction.
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A smaller set of papers (see Gorton and Pennacchi (1990) and Parlour and Plantin
(2008)) have touched on the issue of asymmetric information’s effect on liquidity.

While these papers provide insightful analysis of how illiquidity crises may arise and
may feed back into funding problems for financial firms, they do not shed light directly
on how liquidity considerations affect the more detailed asset-allocation of banks.
Given that formal regulation of liquidity has not been a feature of the Basel approach
until very recently, it is not surprising that no papers have examined how the
imposition of liquidity requirements on banks could affect their behavior.

3. Modelling a bank balance sheet and equity payoffs

a. Summary of model components

To examine the impact on bank choices of liquidity requirements, we formulate a
stochastic model of a bank balance sheet. The asset side of the balance includes
loans of different credit qualities. Liabilities include deposits of different maturities.
Liquidity risk is included by supposing that the spreads on funding depend on the
bank’s own rating which fluctuates as losses on the asset side of the balance sheet
are experienced.

Since we wish to analyze the optimal asset-liability decisions of banks, we simulate
the banks’ balance sheets with different portfolios, parameterized using UK bank
data, and examine how their optimal choices of assets and liabilities are affected by
requirements that they hold liquid asset buffers and/or satisfy restrictions on the
maturity structure of their funding.

We focus on two large UK banks, namely Lloyds-TSB and Barclays. In each case,
we model the banking book as consisting of differently rated credit exposures and the
trading book as split between (i) cash (i.e., Treasury bills and central bank deposits),
(ii) a credit portfolio and (iii) a log-normal payoff representing other trading book
assets.

Assets

The building blocks for our modeling of credit portfolios are diversified pool
exposures. These are constructed using a dynamic version of the Vasicek
distributions of loan loss-rate. This distribution has been widely employed in the
valuation and risk analysis of synthetic CDOs and serves as the basis for the capital
charge formulae included in Basel .



To understand the nature of these diversified pool exposures, consider an individual
obligor denoted, i, that defaults at time t if a latent random variable Z;, < -c for some
constant c.

Suppose the Z;; fort=0,1,2... and i = 1,2,3...n satisfy a factor structure in that:

Z, =pX, +1-ps,,

Assume that:

X, z\/ﬁxtfl'i'\/l_ﬂ t -

Here, g;; and n, are standard normal and independent for pairs of obligors i and j and
across time t.

Note that the X; has been constructed so that it has a unit unconditional variance. If

X¢ has unconditional unit variance then so to does Z;;. The unconditional probability of
default then satisfies:

®*(-c)=q.

Lamb and Perraudin (2008) show that, as the number of exposures becomes
infinitely large, if 6, is the fraction of the portfolio that has defaulted by date t and:

=0 ),
The Law of Large Number then implies that:

n n 1_\/E -1 \/Z\/l_ﬁ
6, = P06, ) -7 -

In other words, the transformed loss rate at t has a normal distribution:

~ ~ 1‘\/? -1 (1_ﬁ)
0, =0'(6,)—> N(\/E6’H+ﬁq) (Q)f)l_—pJ

Now, consider how the cash flows on a diversified pool exposure evolve over time.
Suppose there is a specific contractual cash flow amount C, paid by exposure type
each period. The cash flow in the first period is:

cashflow, = C,(1-6,)1-6,)



As losses are cumulative, the cash-flow in the second period is:
cashflow, = C,(1- 8, \1-6,)1-6,)

Therefore, cash-flow in period t may be written as:

t
cashflow, =C,J[(1-4,)

i=0

Given a set of cash-flows, C,, parameters q,  and p, and an initial loss rate level, 6y,
one may simulate the behaviour of a diversified pool exposure. In fact, we assume a
vector of q parameters corresponding to unconditional default cut-off points for each
future year stretching forward. These are chosen to be consistent with the cumulative
default probabilities implied by a standard ratings-transition matrix calculated using
Moody’s historical data on ratings histories.

Liabilities

Interest rates are assumed to be stochastic and to be driven by a Libor market model
of the term structure of interest rates. The Libor market model (see Brace, Gatarek
and Musiela (1997)) is a variant of the forward interest rate term structure model of
Heath, Jarrow and Morton (1992) but unlike the classic Heath-Jarrow-Morton model it
places assumptions on discrete-time forward rates, supposing that they possess
diffusion terms. This effectively means that forward interest rates are log-normal and
hence always positive. The Libor market term structure model we employ is
parameterized using historical data on pure discount bond prices extracted from UK
gilts values.

We suppose that the banks’ liabilities are split between long-term funding with the
same three-year maturity as the credit portfolios and short-term one-year funding.
While this is a simplifying assumption, it allows us to capture the notion of maturity
mismatch and refinancing or roll-over costs.

Recall that the bank’s credit portfolio, split between different ratings grades, has a
three-year maturity. Banks may wish to issue short funding depending on the relative
interest rate costs of doing so but they will be discouraged from funding by
considerations (a) of asset-liability duration mismatch and (b) of the risks that if the
bank’s rating declines, its cost of funds will increase.

This latter effect is clearly an important phenomenon to consider in any study of
liquidity and bank balance sheet choices. We build such effects into our model by
suppose that spreads adjust depending on the evolution of the bank’s rating. We
model the rating using an ordered probit model of ratings evolution in which the risk
factors are identical to those that drive the credit exposures of the bank (see Bhatia,
Finger and Gupton (1997) for an exposition). If the rating is downgraded, the spread
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that the bank must pay on its short term borrowing rises sharply. The need to avoid
this provides the bank with an additional motive to limit its dependence on short
funding.

Model simulation

We simulate the model using one-year time steps and suppose that the banks’
decisions are made over a three-year horizon. The decisions are made based on a
Hyperbolic Absolute Risk Aversion (HARA) utility function. HARA preference takes
the form:

Utility = E,(UW,)) where U(vv)zli(mwf-p
-p

We denote the power coefficient as p. As wealth increases, the intercept parameter A
becomes less important and the coefficient of relative risk aversion approaches p. It
is necessary to use the more general HARA class of preferences instead of Constant
Relative Risk Aversion (i.e., the case when A=0) because equity pays zero with
positive probability but U(W) goes to negative infinity as W approaches zero.

We reduce the dimensionality of the bank’s choices by supposing that the bank
considers shifts in the credit quality of its credit portfolios by shifting portfolio shares
in a proportional manner between (i) investment grade and (ii) sub-investment grade.
For each bank, we employ data from regulatory returns on the breakdown of the
bank’s IRB-business exposures between different default probability ranges.

For each bank, we map these default probability “buckets” to a set of seven discrete
(coarse) ratings categories, namely AAA, AA, A, BBB, BB, B and CCC. We then
simulate the model under a set of different assumptions about the relative weightings
of the investment grade and sub-investment grade portfolios, keeping the relative
shares within each of these two sub-categories equal to the relative shares observed
in the bank’s actual portfolio.

We again reduce the dimensionality of the bank’s funding decision by supposing that
it splits its liabilities into one-year funding and funding with maturity equal to the
maturity of the credit portfolio (namely three years). The one-year funding is rolled
over each year up to the three-year horizon of the simulation and with the spread
adjusting at each roll-over depending on the evolution of the bank’s rating (the
modeling of which was described in the liability section above).

We simulate the bank’s balance sheet one million times and then evaluate the
random payoff to equity-holders using von Neumann-Morgenstern preferences with a
Hyperbolic Absolute Risk Aversion (HARA) utility function, u(x)=(A+x)l'p/(1-p). This
calculation simply consists of the average of the HARA function evaluated at the
random equity payoff over the one million replications.
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We calculate the utility level for different splits between investment grade and sub-
investment grade credit assets and for different splits between short and long-term
funding. In effect, we have a two dimensional grid for each node of which the splits
are different. Corresponding to each node of the grid we perform a simulation and
hence have a dataset of Monte Carlo results and a corresponding level of utility. The
bank’s optimal choice of asset-quality split and funding-maturity split is then the one
for which the utility surface in the two-dimensional grid is the highest.

Parameterisation

The parameters for LIoyds-TSB and Barclays are shown in Tables 1 and 2. The two
banks have respectively 7.53% and 7.14% of their assets in cash and have equity
capital equal to 4.07% and 4.15% of assets. Excluding cash, the trading book
represents 4% of total non-cash assets in the case of Lloyds-TSB and 57% in the
case of Barclays, which underscores how different their business models are.

The two banks have contrasting funding profiles in that for LIloydsTSB, 58% of
liabilities is long-term funding (maturities over a year), while 38% is short-term. For
Barclays, the numbers are reversed with 58% being short-term and 38% long-term.
The ratings breakdowns of the IRB exposures of the banks are shown in Table 1.
The pattern that appears is not one in which either banks has a riskier portfolio.
Barclays has more CCC than LloydsTSB (3.4% as opposed to 2.2%) but has a
smaller fraction of its portfolio rated B (6.1% instead of 10.6%). Barclays has a larger
fraction of AA-rated (20.9% compared to 8.8% for LIoydsTSB) and less A-rated
(9.2% instead of 21.7%). Overall, the banks have very similar splits between
investment grade and sub-investment grade (60.9% versus 39.1% for LloydsTSB
and 60.2% versus 39.8% for Barclays).

In modeling the banks’ banking books, we suppose that the split between different
ratings categories is the same as in the bank’s regulatory returns except that the
proportion held in the investment grade categories overall is scaled up of down with
the amounts held in sub-investment grade being adjusted to compensate in a
proportional manner. The baseline we employ for each bank is the actual proportions
reported in the regulatory returns and this is shown in Table 1.

The distribution of trading book returns is likely to differ significantly from that of
banking book returns. One may expect that the latter will be severely left skewed in
returns whereas one may expect trading book risk to be somewhat more bell-shaped
in distribution. We therefore represent the banks’ trading books as the sum of two
equal investments, the first being the same set of credit exposures as appears in the
trading book and the second being a log normally distributed claim with the one
period return equaling the short interest rate plus an expected return premium
(embodying a risk premium).
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As described above, we simulate the payoff on the bank equity over a three-year
horizon. We assume that non-cash banking book assets and half of the non-cash
trading book consist of diversified pool exposures. For each individual rating, we
include a diversified pool exposure. The unconditional default probabilities we employ
for each diversified pool exposure correspond to the default probabilities (at different
integer numbers of years) implied for a given initial rating category by an annual
rating transition matrix (see Table 3). The factor correlation parameter, p, (which
gives the volatility of the loss rate) is assumed to be 15% and the mean reversion
parameter, S, is taken to be 0.8.

The correlation matrix for the factors that feed into the diversified pool exposures and
the log-normal exposure used for modeling the non-credit component of the trading
book is shown in Table 4. The basic idea in the correlation structure is to suppose
that exposures closer to each other in credit quality are more closely correlated.
When we have extracted factors from historical ratings data, we have found this to be
the case.

Other statistical parameters used in the calculations, in particular the levels of
interest rates and the covariance matrix of market forward rates, are shown in Table
5and 6.

4. Bank responses to different liquidity standards

The results of our analysis are shown in a series of tables and charts. To begin with,
one may observe in Figures 1 and 2 plots of the utility surfaces for each of the two
large banks we analyze. Recall that these utility surfaces are plotted above a set of
two dimensional grid points corresponding to different splits of the credit portfolio
between investment grade and sub-investment grade and of non-equity liabilities
between short (less than or equal to one year) and long funding. Hence, the axes of
the plots consist of fractions of the credit portfolios in investment and non-investment
grade categories and fractions of non-equity liabilities in the short funding category.

In simulating the model, we seek to find utility function parameters A and p that imply
that the bank’s choices of portfolio and funding are close to those actually observed.
In fact, we set A to a value of 0.001 (which retains a reasonable degree of curvature
in the utility surface in the region of the banks’ actual choices, and then vary p which
as noted above is asymptotically (as A grows large) equal to the Coefficient of
Relative Risk Aversion.

Tables 8 and 9 show the same information as that displayed in the utility surface
plots. Viewing the information in tabular form, one may see more easily where in the
grid the maximum utility levels are located. We provide tables for different levels of
risk aversion (i.e., different levels of p) for both LIoydsTSB and Barclays.

Tables 8 and 9 show that as risk aversion increases, the expected change occurs in
the location of the maximum in that both banks wish to hold a reduced amount of the

13



sub-investment grade portfolio and also wish to employ less short-term funding. The
optimal choices are quite sensitive to the level of risk aversion in that different levels
of p correspond to very different splits in the credit portfolio between investment and
sub-investment grade.

The most important results of our calculations appear in Figures 3 and 4. These two
figures (one for each of the two banks we study) superimpose on the grid of asset
and funding choices the locations of optimal asset and liability allocations under
different assumptions, comparing these with the actual splits observed in the bank
data at end 2009.

The figures also show the location of the constraints on bank decisions imposed by
(i) the Basel Il capital requirements and (ii) the stable funding liquidity requirements
proposed by BCBS (2009).

To explain these, note that the bank’s available equity capital has been fixed at the
level observed in end 2009 data. If one calculates the capital required by Basel Il
using the usual capital charge formulae, certain points in the grid then prove
infeasible (since they infringe the Basel minimum). Since funding does not affect the
capital calculation, the capital constraint shown in Figures 3 and 4 consists of a
vertical line.

On the other hand, the stable funding requirement of BCBS (2009) depends both on
funding and to an extent on the ratings of assets. The latter dependence comes from
the fact that some high credit quality corporate exposures bear somewhat low
weights in the calculation of assets that must be covered by stable funding. Under
stylized assumptions about how the rated exposures in the banks’ credit books break
down between negotiable bonds and illiquid loans, we derive a restriction which
appears as a downward sloping line in Figures 3 and 4.

A pvalue of 2.5 for LIoydsTSB and 3 for Barclays implies asset and funding
breakdowns similar to those observed. As may be observed from the figures, both
LloydsTSB and Barclays lie some way below and to the left of the capital and stable
funding constraints. This may reflect the fact that in the current environment, banks
have adopted relatively defensive portfolios. (The conclusion also reflects the
assumption we have made in parameterizing the model that capital on trading book
equals 4% of trading book assets.)

The results show that increasing the holdings of liquid assets implies for both banks
an increase in short-term financing. This may reflect the fact that the liquid assets we
assume are short-term, default free assets such as Treasury bills and central bank
deposits. If the liquid assets involved were longer maturity Treasury securities, the
substitution effect would be attenuated or even reversed.

We also find that introducing higher liquid assets increases the share of sub-
investment grade credit assets in the banks’ assets. As one might expect, in this
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riskless liquid assets prove to be closer substitutes for investment grade than sub-
investment grade exposures. Potentially, one could experiment with other types of
liquid assets such as high credit quality corporate bonds or long maturity sovereign
bonds.

Finally, Table 10 shows statistics of the equity payoffs for the two banks under
different assumptions about required liquid assets. Increasing liquid assets for both
Lloyds TSB and Barclays reduces risk as measured by the volatility, skewness and
kurtosis of the equity payoff. However, in the case of Lloyds TSB, increasing liquid
assets reduces the bank’s mean payoff and hence slightly increases the bank’s
default probability. In the case of Barclays, the impact on the mean payoff is complex
in that it is first rises and then falls as the fraction of liquid assets is increased. Again
though, this has an impact on the default probability as this first falls and then rises.
The Barclays results underline the complexity of comparative statics for net bank
balance sheets when asset-liability substitution effects are taken into account.

5. Conclusion

This paper shows, through a microeconomic analysis, how bank’s optimal choices of
assets and liabilities may be affected by a new set of regulatory requirements
involving obligations to hold liquid assets and to maintain a balance of stable funding
versus illiquid assets.

We formulate a simulation model of bank equity payoffs employing industry standard
approaches to modeling credit portfolios and term structures. We build into the model
roll-over re-financing costs by making spreads on short-term funding a function of the
bank’s rating.

We find that the stable funding requirements appear not to bind for the two large UK
banks we examine. When the banks are required to hold additional liquid assets, this
induces an increase in short-term funding as one might expect a priori but also
increases the banks’ willingness to hold sub-investment grade assets.
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Tables and Charts

Table 1: Balance Sheet Data (31 December 2009)

Lloyds TSB Barclays
Assets 1.000 1.000
Cash 0.075 0.071
Trading book excluding cash 0.040 0.570
Banking book excluding cash 0.960 0.430
Liabilities 1.000 1.000
Equity 0.041 0.042
Funding 0.959 0.959
Short term funding 0.384 0.575
Long term funding 0.576 0.383
Rating breakdown of IRB business
AA 8.8% 20.9%
A 21.7% 9.2%
BBB 30.4% 30.2%
BB 26.3% 30.3%
B 10.6% 6.1%
CCC 2.2% 3.4%
Investment grade 60.9% 60.2%
Non-investment grade 39.1% 39.8%
Table 2: Model Parameters
Lloyds TSB Barclays
Assets
Trading book excluding cash
Mean excess return 4.0% 4.0%
Volatility of excess return 0.5% 0.5%
Mean dividend rate 1.0% 1.0%
Banking book excluding cash
Risk factor weights
Industry/country ratio 1.0 1.0
Indiosyncratic weight 0.2 0.2
Recowery rate 0.6 0.6
Coupon Rate
AA 5.0% 5.0%
A 5.7% 5.7%
BBB 6.2% 6.2%
BB 6.5% 6.5%
B 6.7% 6.7%
CCC 7.0% 7.0%
Spread refinancing cost factor weights
A 0.6 0.6
BB 0.2 0.2
CCC 0.2 0.2
Liabilities
Long term funding
Yield 4.0% 4.0%
Short term funding
Spread ower reference rate 50bps 50bps
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Table 3: Default Mode Parameters
Rating Default Spread
Classes | Probatility (%) (%)
AAA 0.00 0.00
AA+ 0.00 0.00
AA 0.01 0.00
AA- 0.04 0.02
A+ 0.05 0.03
A 0.05 0.03
A- 0.05 0.03
BBB+ 0.14 0.07
BBB 0.18 0.09
BBB- 0.35 0.18
BB+ 0.76 0.38
BB 0.84 0.42
BB- 1.97 0.99
B+ 3.26 1.64
B 5.20 2.63
B- 10.06 5.16
CcCC 19.81 10.43
Table 4: Factor Correlation
Trading
Book AA A BBB BB B CcCC
Trading Book 1.00 0.30 0.30 0.30 0.30 0.30 0.30
AA 0.30 1.00 0.95 0.90 0.85 0.80 0.75
A 0.30 0.95 1.00 0.85 0.80 0.75 0.70
BBB 0.30 0.90 0.85 1.00 0.75 0.70 0.65
BB 0.30 0.85 0.80 0.75 1.00 0.65 0.60
B 0.30 0.80 0.75 0.70 0.65 1.00 0.55
CCC 0.30 0.75 0.70 0.65 0.60 0.55 1.00
Table 5: Interest Rate
Maturity Sterling
3-month 0.0054
1-yr 0.0066
1-yr 0.0097
3-yr 0.0179

Table 6: Forward Rate Covariance Matrix

Sterling

(0-0.25 year) (0.25-1 year) (1-3years) (3-5years)

(0-0.25 year)
(0.25-1 year)
(1-3 years)
(3-5 years)

0.2099
0.2284
0.0871
0.0473

0.2284
0.3121
0.1267
0.0708

0.0871
0.1267
0.0751
0.0436

0.0473
0.0708
0.0436
0.0297
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Table 7: Transition Matrix

AAA AA+ AA AA- A+ A A- BBB+ BBB BBB- BB+ BB BB- B+ B B- CCC  Default
AAA 9195 4.90 215 0.40 0.26 0.21 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AA+ 2.88 8182 7.08 6.24 131 0.31 0.14 0.11 0.06 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AA 155 5.34 80.62 7.66 3.07 1.01 0.45 0.11 0.08 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
AA- 0.24 1.35 4.36 82.72 7.39 2.58 0.81 0.19 0.15 0.06 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.04
A+ 0.07 0.12 1.25 5.23 79.44  9.08 3.45 0.53 0.30 0.13 0.13 0.10 0.04 0.04 0.02 0.01 0.01 0.05
A 0.07 0.10 0.30 131 541 80.86 7.55 2.63 0.81 0.36 0.19 0.11 0.11 0.04 0.04 0.03 0.03 0.05
A- 0.07 0.10 0.12 0.28 2.06 7.81 77.75  6.65 3.09 1.01 0.43 0.20 0.18 0.10 0.04 0.03 0.03 0.05

BBB+ 0.05 0.06 0.11 0.15 0.34 2.24 7.36 77.08 7.33 2.87 0.89 0.39 0.39 0.39 0.07 0.07 0.07 0.14
BBB 0.04 0.06 0.06 0.11 0.20 0.70 2.97 6.40 7855 6.66 1.61 0.66 0.66 0.49 0.31 0.16 0.16 0.18
BBB- 0.03 0.03 0.04 0.05 0.18 0.35 0.67 2.99 895 7507 534 2.62 1.32 0.75 0.44 0.44 0.40 0.35

BB+ 0.01 0.01 0.02 0.05 0.18 0.21 0.46 0.70 313 1024 70.28 5.89 4.21 143 115 0.85 0.40 0.76
BB 0.01 0.01 0.02 0.02 0.03 0.13 0.15 0.43 0.86 3.68 9.74 6839 841 2.92 2.57 114 0.63 0.84
BB- 0.01 0.01 0.02 0.02 0.03 0.13 0.15 0.22 0.30 0.70 3.23 732 69.46 7.98 5.07 2.27 1.10 1.97
B+ 0.01 0.01 0.02 0.02 0.03 0.09 0.10 0.10 0.13 0.28 0.66 3.15 766 67.74 1022 430 2.23 3.26
B 0.00 0.01 0.02 0.02 0.03 0.03 0.10 0.10 0.11 0.21 0.42 0.85 2.42 896 66.03 9.75 5.75 5.20
B- 0.00 0.01 0.02 0.02 0.02 0.03 0.05 0.06 0.06 0.12 0.12 0.29 0.69 3.30 752 6516 1249 10.06

CCC 0.00 0.01 0.01 0.01 0.01 0.03 0.03 0.05 0.05 0.12 0.12 0.14 0.36 0.99 2.30 748 6851 19.81
Default | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00
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Table 8: Grid base case for Lloyds TSB

Fraction of Sub-Investment Grade

rho=2 0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.200 -15.681 -15.441 -15.238 -15.064 -14.920 -14.808 -14.728 -14.686 -14.668 -14.690
@ 0.244 -15.494 -15.258 -15.051 -14.882 -14.742 -14.630 -14.550 -14.500 -14.488 -14.501
.-g 0.289 -15.326 -15.093 -14.895 -14.722 -14.584 -14.477 -14.393 -14.346 -14.330 -14.340
"E 0.333 -15.186 -14.958 -14.756 -14.587 -14.447 -14.336 -14.256 -14.214 -14.187 -14.199
E 0.378 -15.076 -14.846 -14.651 -14.484 -14.343 -14.232 -14.153 -14.101 -14.072 -14.086
‘g 0.422 -15.010 -14.783 -14.585 -14.414 -14.271 -14.161 -14.078 -14.025 -13.999 -14.004
5 0.467 -14.997 -14.766 -14.565 -14.395 -14.249 -14.133 -14.047 -13.992 -13.964 -13.964
E 0.511 -15.050 -14.814 -14.604 -14.428 -14.276 -14.159 -14.065 -14.000 -13.971 -13.957
'% 0.556 -15.181 -14.934 -14.717 -14.529 -14.369 -14.242 -14.144 -14.078 -14.034 -14.015
E 0.600 -15.390 -15.125 -14.899 -14.699 -14.530 -14.390 -14.286 -14.206 -14.151 -14.129
tho=2.5 Fraction of Sub-Investment Grade
0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.200 -46.879 -45.636 -44.839 -44.307 -44.126 -44.292 -44.851 -45.872 -47.185 -49.018
@0 0.244 -45.898 -44.687 -43.767 -43.297 -43.142 -43.287 -43.800 -44.679 -46.055 -47.715
g 0.289 -45.067 -43.866 -43.040 -42.485 -42.323 -42.512 -42.959 -43.859 -45.143 -46.740
"'E' 0.333 -44.470 -43.317 -42.420 -41.886 -41.677 -41.781 -42.248 -43.230 -44.328 -45.927
E 0.378 -44.164 -42.954 -42.143 -41.619 -41.374 -41.479 -41.950 -42.756 -43.785 -45.427
‘g 0.422 -44.369 -43.178 -42.292 -41.715 -41.426 -41.526 -41.919 -42.717 -43.797 -45.287
§ 0.467 -45.187 -43.946 -43.009 -42.416 -42.082 -42.092 -42.443 -43.182 -44.238 -45.645
g 0.511 -46.908 -45.553 -44.468 -43.785 -43.351 -43.331 -43.574 -44.154 -45.207 -46.416
'% 0.556 -49.681 -48.156 -46.968 -46.090 -45.516 -45.344 -45.542 -46.116 -46.930 -48.045
E 0.600 -53.571 -51.747 -50.417 -49.342 -48.629 -48.271 -48.360 -48.719 -49.378 -50.468
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Fraction of Sub-Investment Grade

rho=3 0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.200 -224.690 -214.658 -211.436 -211.458 -216.507 -226.431 -242.210 -265.128 -292.401 -327.724
@0 0.244 -216.960 -207.453 -201.746 -202.698 -208.030 -217.500 -232.408 -252.668 -280.792 -313.167
.-é 0.289 -210.947 -201.313 -196.976 -196.337 -201.319 -211.446 -225.243 -245.917 -272.385 -303.527
"E 0.333 -207.597 -198.604 -192.984 -192.534 -196.686 -205.219 -219.141 -241.297 -264.522 -295.670
E 0.378 -207.924 -197.896 -193.681 -193.257 -196.686 -205.344 -219.371 -238.366 -260.300 -292.263
'g 0.422 -215.640 -205.778 -200.166 -198.933 -201.692 -210.221 -222.860 -241.872 -264.836 -294.189
ﬁ 0.467| -232.101| -221.583| -215.233| -213.645| -215.713| -222.777| -234.732| -252.829| -275.409| -303.375
g 0.511| -262.809| -250.331| -241.507| -238.488| -238.916 -245.462| -255.867| -271.139| -293.839| -318.833
'.g 0.556| -310.158| -294.956| -284.430| -278.185| -276.180| -280.456| -290.227| -305.589| -324.453| -347.616
E 0.600f -375.681| -355.314| -342.439| -333.030] -328.808| -329.920| -338.054| -349.861| -366.292| -389.299
tho=3.5 Fraction of Sub-Investment Grade
0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.200] -2144.212| -2012.776] -1999.633| -2035.621| -2155.468| -2354.588| -2653.264| -3075.792| -3571.728| -4206.833
@0 0.244] -2046.473| -1926.391] -1866.125] -1918.032| -2042.223] -2233.351| -2516.896| -2889.247| -3399.536| -3981.837
§ 0.289] -1976.958| -1851.718]| -1814.341| -1837.855| -1953.835| -2156.450| -2421.256| -2802.811]| -3283.103| -3842.585
"E 0.333| -1945.447| -1830.777] -1770.816] -1796.318| -1898.111| -2071.502| -2336.205| -2746.205| -3167.854| -3727.804
E 0.378] -1970.819| -1838.023| -1803.744| -1828.478| -1916.469| -2094.215| -2362.136| -2714.007| -3111.508| -3687.446
‘g 0.422] -2119.973| -1989.215] -1928.653| -1940.486| -2018.163| -2193.725| -2435.780| -2789.845| -3208.623| -3737.536
§ 0.467| -2411.772| -2272.090] -2200.422| -2205.713| -2272.042| -2422.081| -2652.359| -2991.568| -3403.481| -3907.762
g 0.511| -2950.875| -2776.670| -2661.562| -2642.689| -2680.611| -2820.946| -3027.370( -3314.163| -3730.494| -4186.609
'% 0.556| -3778.789| -3557.565| -3412.977| -3337.298| -3330.915( -3434.983| -3631.968| -3922.309| -4272.917| -4692.540
E 0.600| -4925.905| -4611.857| -4425.592| -4296.327| -4252.453| -4299.168| -4469.616| -4697.416| -5006.379| -5426.528
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Table 9: Grid base case for Barclays:

Fraction of Sub-Investment Grade

rho=2 0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.400 -12.690 -12.525 -12.372 -12.224 -12.086 -11.957 -11.837 -11.726 -11.624 -11.537
oy 0.444 -12.565 -12.405 -12.254 -12.110 -11.975 -11.846 -11.727 -11.618 -11.517 -11.432
._g 0.489 -12.451 -12.293 -12.145 -12.004 -11.870 -11.743 -11.628 -11.515 -11.419 -11.329
"é 0.533 -12.347 -12.191 -12.045 -11.906 -11.773 -11.649 -11.534 -11.423 -11.325 -11.238
E 0.578 -12.254 -12.100 -11.955 -11.818 -11.688 -11.564 -11.448 -11.340 -11.245 -11.154
‘g 0.622 -12.174 -12.021 -11.878 -11.741 -11.613 -11.490 -11.375 -11.269 -11.171 -11.087
5 0.667 -12.116 -11.965 -11.820 -11.684 -11.555 -11.432 -11.319 -11.214 -11.116 -11.033
E 0.711 -12.096 -11.939 -11.792 -11.657 -11.525 -11.403 -11.288 -11.180 -11.084 -10.993
'% 0.756 -12.119 -11.961 -11.810 -11.670 -11.537 -11.410 -11.292 -11.186 -11.084 -10.998
E 0.800 -12.210 -12.040 -11.882 -11.735 -11.594 -11.463 -11.342 -11.230 -11.126 -11.036
tho=2.5 Fraction of Sub-Investment Grade
0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.400 -30.872 -30.214 -29.674 -29.140 -28.692 -28.351 -28.102 -27.955 -27.921 -28.092
o0 0.444 -30.364 -29.735 -29.198 -28.711 -28.283 -27.916 -27.644 -27.515 -27.454 -27.649
;g 0.489 -29.907 -29.286 -28.783 -28.312 -27.888 -27.525 -27.305 -27.063 -27.065 -27.138
"'E' 0.533 -29.529 -28.920 -28.402 -27.950 -27.529 -27.179 -26.939 -26.712 -26.661 -26.771
E 0.578 -29.237 -28.636 -28.109 -27.667 -27.281 -26.902 -26.631 -26.431 -26.420 -26.409
‘g 0.622 -29.055 -28.440 -27.928 -27.476 -27.095 -26.720 -26.439 -26.279 -26.198 -26.324
qﬁ_ 0.667 -29.146 -28.558 -28.003 -27.535 -27.110 -26.741 -26.494 -26.318 -26.218 -26.368
g 0.711 -29.852 -29.143 -28.511 -28.058 -27.586 -27.208 -26.899 -26.660 -26.581 -26.562
'% 0.756 -31.307 -30.563 -29.846 -29.284 -28.757 -28.292 -27.917 -27.702 -27.521 -27.591
,_‘,_3 0.800 -33.994 -32.993 -32.131 -31.412 -30.732 -30.173 -29.741 -29.414 -29.166 -29.165
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Fraction of Sub-Investment Grade

rho=3 0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.400 -95.568 -91.490 -89.644 -87.260 -86.177 -87.298 -89.966 -94.498| -101.145| -112.179
0 0.444 -92.450 -88.797 -86.768 -85.309 -84.549 -84.844 -86.712 -91.644 -97.506 -108.921
:g 0.489 -89.710 -86.102 -84.645 -83.360 -82.630 -82.753 -85.759 -87.816 -94.978 -103.514
"‘E' 0.533 -88.115 -84.573 -82.512 -81.566 -80.788 -81.073 -83.535 -85.765 -91.728( -100.824
E 0.578 -87.689 -84.159 -81.753 -80.899 -80.303 -80.803 -81.915 -84.595 -91.505 -97.669
*g 0.622 -88.840 -84.845 -82.744 -81.519 -81.544 -81.029 -82.251 -85.948 -91.084 -100.562
Hﬁ_ 0.667 -95.291 -91.947 -88.760 -87.075 -85.985 -85.605 -87.653 -90.972 -95.418 -105.514
g 0.711 -114.999 -108.810 -103.817 -102.533 -100.241 -99.701 -100.335 -101.983 -107.028 -113.226
'% 0.756 -151.006 -144.081 -137.170 -133.450 -129.854 -127.285 -126.327 -128.561 -131.443 -139.610
:,_’3 0.800 -214.605 -201.580 -191.481 -184.125 -176.996 -172.415 -170.215 -170.118 -171.306 -177.899
tho=3.5 Fraction of Sub-Investment Grade
0.010 0.119 0.228 0.337 0.446 0.554 0.663 0.772 0.881 0.990
0.400 -570.990 -512.772 -508.920 -487.414 -492.911 -554.218 -649.975 -789.933 -978.634| -1275.839
® 0.444 -528.492 -480.073 -469.995 -470.701 -484.145 -523.753 -597.035 -748.433 -916.511| -1221.548
;g 0.489 -491.192 -443.933 -446.926 -450.890 -466.180 -499.174 -601.432 -678.813 -878.264| -1112.981
"'E' 0.533 -479.363 -432.512 -418.360 -431.489 -445.122 -481.136 -570.889 -651.082 -822.843| -1066.638
E 0.578 -492.500 -444.650 -422.061 -436.114 -466.138 -482.671 -549.904 -639.173 -836.271| -1006.664
‘g 0.622 -538.957 -479.024 -463.838 -468.212 -502.373 -517.763 -573.780 -691.077 -841.635| -1098.018
57__) 0.667| -710.818| -668.292| -626.181| -618.216| -624.060| -643.235| -721.163| -829.175| -959.651| -1232.669
g 0.711] -1207.646| -1094.578| -1007.083| -1010.315 -985.031| -1001.320{ -1045.515| -1109.026| -1256.585| -1433.074
'% 0.756] -2103.477| -1973.085| -1839.588| -1783.372| -1725.609| -1691.371| -1694.610| -1773.220| -1870.834| -2093.922
,_:_3 0.800] -3681.043| -3396.618| -3186.714| -3039.987| -2894.005| -2812.300| -2785.677| -2810.893| -2863.434| -3048.322
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Table 10: Statistics of Equity Payoffs

Lloyds TSB

10% liquid 12.5%
Asset-allocation Base case asset liquid asset
Fraction of liquid asset 0.0753 0.1 0.125
Fraction of sub-investment grade 47.60% 48% 50.20%
Fraction of short-term funding 38.70% 41.80% 42.70%
Statistics of equity payoffs
Mean 0.0738 0.0721 0.0700
Standard deviation 0.0125 0.0122 0.0119
Skewness -1.3583 -1.3555 -1.3497
Kurtosis 5.9580 5.9553 5.9123
Default probabilities 0.0525% 0.0560% 0.0600%
Barclays

10% liquid 12.5%
Asset-allocation Base case asset liquid asset
Fraction of liquid asset 7.14% 10% 12.50%
Fraction of sub-investment grade 45.00% 52% 51.00%
Fraction of short-term funding 59.00% 60.40% 63.10%
Statistics of equity payoffs
Mean 0.0831 0.0852 0.0835
Standard deviation 0.0100 0.0097 0.0094
Skewness -1.1723 -1.1625 -1.1461
Kurtosis 5.6718 5.6638 5.5996
Default probabilities 0.0025%  0.0010% 0.0015%
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Figure 1: Utility surfaces for Lloyds TSB
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Figure 2: Utility surfaces for Barclays:
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Figure 3: Optimal Decision for Lloyds TSB:

Lloyds TSB Asset-Liability Allocation
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Figure 4: Optimal Decision for Barclays:

Barclays Asset-Liability Allocation
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Figure 5: Equity payoffs distribution for Lloyds TSB:

Density

35

30

25

20

15

10

Equity Payoffs for Lloyds TSB

Equity payoffs data
mean=0.0724
—std=0.0129
skewness=-1.2115
kurtosis==5.408

for Lloyds

31



Figure 6: Equity payoffs distribution for Barclays:
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