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1. Liquidity risk enhanced by the crisis
ALM concern
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Liquidity risk – a new challenge for ALM

� In western countries, ALM modelling used to be concerned mainly about interest rate risk
� Since August 2007, best effort is done on liquidity risk
� Managing and modelling liquidity risk is a new challenge for ALM Teams!

� Multiple definitions of liquidity risk
� From a trader point of view: impossible transaction in an “illiquid market”
� From a central bank point of view: drainage of the liquidity circulating in the economy
� From a corporate treasurer: incapacity to finance its project 

� From ALM point of view, the liquidity risk is the sum of: 
� “Illiquid market”
� Cost of funding
� Portfolio that run short of currencies
� Commitment to customer
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ALM liquidity toolbox

Classic liquidity risk metrics

� Liquidity Gap for the whole balance sheet
The liquidity gap is equal to liability liquidity 
schedule minus the asset liquidity schedule

� Liquidity ratios are computed according to this gap
� Sensitivity risk metrics will measure the income 

sensitivities to the level of the funding spreads
� Stress Test risk metrics will measure the liquidity 

positions / incomes in case of Stress Scenarios.

� Simplified Balance Sheet (BS)

� Balance Forecasts for a specific product in the BS

Balance forecasts for a specific product are the projection 
across time of the future balances of this specific product 
(credit, deposit…) in the bank assuming that today’s stock of 
customers will not increase anymore (no new production 
assumption). 

When they are contractually set up, Balance forecast are the 
contractual schedules with possible modifications using a 
model (prepayment options for instance). But in many cases, 
they are set up through a model (closure rate for the number 
of customers).

� Liquidity schedule for a specific product in the BS

The liquidity schedule is obtained from the balance forecast 
taking into account the model uncertainty. The liquidity 
schedule is the input for liquidity gaps.
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How ALM models have changed since the liquidity crisis?

Customer behaviour models have to be improved to better predict liquidity positions.

� Liabilities (and assets) without maturity: demand deposits, savings, term deposits, 
revolving credits…

� Prepayment option

� Credit line options

The pricing of assets and liabilities has to be improved.

� Links with credit risk

� Link with capital allocation

Finally, the ALM liquidity risk metrics will change.
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2. Customer behaviour modelling
a - Liability side: Non-maturity deposit
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Liability side : Non-maturity deposit modelling
Introduction

Steps of the construction of the liquidity schedule:

� Take into account local and/or business specificities

� Construction if the balance forecast including several effects (please see appendix for more details)
→ Demand deposit closing probability modelling (by customer segment)
→ « Life cycle effect» modelling (average balance by account growth as a function of account age) 
→ Transition effects modelling (transition between segments)
→ Volume effects modelling (« arbitrages » between liquid savings)
→ Wealth effect modelling (average balance by account growth as a function of time)

� Take into account the model uncertainty � representation in liquidity risk metrics
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Liability side : Non-maturity deposit modelling
Introduction

Demand deposits : 3 schedules

-
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Taking into account uncertainties in the liquidity
Taking into account the customer flight risk in case 
of crisis

Taking into account a Customer / Market rate 
correlation of 60%
+ volume effects 
+ interest rate risk specific uncertainty sourcesThe correlation between 

customer rate and market 
rate is progressive

Taking into account closure rate and 
average balance by account growth

The existing customers will still represent 
10 MM€ in the Demand Deposit total at 
horizon 30 years.

This figure goes to 3 MM€ with a x 
standard deviation confidence interval : in 
X% of the cases, the existing customers 
will represent more than 3MM€ in the 
Demand Deposit total at horizon 30 years.

Fictive example
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Liability side : Non-maturity deposit modelling
Dealing with uncertainty

� The assessment of uncertainties is linked to 
model risk quantification 
� We assume the model parameters to be 

Gaussian and determine confidence 
intervals.

� Ex.: For the closure rate, 1 standard 
deviation corresponds to an upper bound at 
almost 85%.

� How to choose the x standard deviation as 
a proper confidence level ?
� Need for confident and careful approaches 

towards model risk => Model Risk Capital 
Allocation

� The expected return on capital allocation for 
model risk should correspond to the “model 
risk premium”.

� Then, it is possible to link the expected 
return on capital yields with a model risk 
premium of nearly 1 standard deviation .

+1 st.dev

15%

Average 
Model 

Parameter
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Liability side : Non-maturity deposit modelling
Wealth effect modelling

On the long term, the future balances of demand deposits depend on the economy growth (or GDP 
growth) and on the level of the credit production.

This is what we call Wealth Effect Modelling.

In case of a liquidity + recession crisis, the demand deposit balances stop growing.
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Liability side : Non-maturity deposit modelling
Special case for granular data (Wealth management, La rge Corporate) 
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In certain business/branch (Wealth 
management, Large Corporate in 
Investment Banking), a small number of 
accounts hold a large part of the total 
balance. Paradoxically in this business: 
- The wealthier the client is, the less 
incentive he has to quit the bank
- Huge effect if a major customer quit 
the bank

Determination of the stable part of the 
total outstanding that can be invested 
on the long term

where Ai is the ith percentile of wealth
We define the part stable as the 
minimum average balance per account 
in the period; this minimum is set by 
block of average outstanding on the 
period (the 10% “richer”, the 10%-20% 
“richer”… etc). 
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Liability side : Non-maturity deposit modelling
Liquidity crisis and stability

Our model is valid as soon as the three levels of stability have been verified:

� 1. Overall stability of balances and accounts

� Consequence: be cautious with Private Bank or Investment Bank sector

� 2. Overall stability of competitive position and pricing policy

� Customer Rate setting policy stable through time independent on the bank funding 

cost level

� 3. Stability of Bank’s reputation

� Ex: rating sensitive clients / “fly-to-quality volumes” (fiduciary deposit customers)
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Liability side : Non-maturity deposit modelling
Liquidity crisis and stability

The liquidity schedule (0) of non-maturing deposits is equal to the balance forecast (1)

� within a given confidence interval (2)

� taking only the stable part of these demand deposit (3)

� and on the part where the remuneration is not automatically reset when the funding cost 
move (4)

� taking into account the possible effect of funding cost movements (or bank rating 
variations) on the stability of these demand deposits. (5)

(0) (1) (2) (3) (4) (5)

( ) )).(.().( 2.)(.1..T),forecast(t Balance),( tT
t

tT
liquidity

KcfK eTpbeTt −−− −−≈∆ σσρσ γ

Liquidity schedule for fiduciary deposits
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Liability side : Non-maturity deposit modelling
Links between assets and liabilities

Forecasting balances for non-maturing deposits is not enough! There are potential 
interactions between assets and liabilities!

� What are my commitments to lend to my corporate customers in case of liquidity 
crisis?

� Am I committed to lend to my customers ?

� Will my customers leave the bank and close their deposit accounts if I refuse to lend 
them money?

� Will I be able to transfer the liquidity cost increase to the future productions of credits?

The solution is to apprehend the modelling as a modelling customer by customer and not 
product by product.

� Invest in the links with Marketing databases!

� Invest in unitary database customer by customer!
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2. Customer behaviour modelling
b – Asset side: prepayment
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Asset side : Prepayment

For the sake of modelling, we distinguish two sorts of prepayments:

� Statistical prepayments caused by relocation, divorce, unemployment, house sale. 

� Financial prepayments caused by a decrease in the yield curve level when there is no actuarial 
penalty in case of prepayment.

The customer is long the option to refund his credit at any time: 

� with a credit with a lower rate at the same bank: renegotiation

� with cash (possibly drawn from a credit with another bank): pure prepayment

Prepayment model is used in ALM risk metrics such as Liquidity Gaps to reduce the contractual 
schedule of credits.

The two main explanatory variables we take into account are :

� The age of the aggregate (depending on observation date & issue date of the aggregate)

� The interest rate spread between customer and market rate.

( ) iiii errorIRspread,seniorityteepaymentRaObservedPr += f

iY
iX
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What has changed for Prepayment modelling?

In 2008, the prepayment rates have decreased at a moment when swap rates have 
decreased. What happened?
� The increase of liquidity cost and of credit risk had a stronger impact on customer 

rates than the swap rate decrease. As a conclusion, the interest rate spread has to be 
computed as a difference between the initial customer rate and the customer rate the 
bank would apply for a customer with the same characteristics at the date of potential 
prepayment.

Prepayment Probability = f(Seniority, Interest Rate Spread)
Interest Rate Spread = Initial Customer Rate – Current Customer Rate

Interest Rate Spread = Initial Customer Rate – Swap Rate
As a consequence, there is currently a risk of prepayment increase when funding costs 
will decrease!

� More generally ALM modelling teams have to model the impacts of defaults (and 
the increase of defaults when recession occurs) on ALM liquidity position.
� Cross risk of asset duration increase and liquidity cost increase when recession 

occurs.
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2. Customer behaviour modelling

c – Off balance-sheet: credit lines as a liquidity option
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Off-balance sheet : credit lines as a liquidity option
introduction
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MODELLING
Real liquidity schedule

Stressed liquidity schedule
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Off-balance sheet : credit lines as a liquidity option 
Two main types of drawing
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Off-balance sheet : credit lines as a liquidity option 
Models for Statistical drawing

� Specific models for STAT credit
� What part of the unused part is effectively used in the future?

� We estimate this percentage based on historical data, 
� Impact on the liquidity schedule

 

PU PNU 
 �

� ∆
=

i
ti

i
i

a PNU

PU

r
,

Liquidity schedule
("Statistical" credits)

0

10

20

30

40

50

60

70

80

90

Dec
-08

Dec
-09

Dec
-10

Dec
-11

Dec
-12

Dec
-13

Dec
-14

Dec
-15

Dec
-16

Dec
-17

Dec
-18

Dec
-19

Dec
-20

Dec
-21

Dec
-22

Dec
-23

Dec
-24

Dec
-25

Dec
-26

Dec
-27

Dec
-28

Dec
-29

.

Total outstanding amount

Used part with 
Asumption of stable used rate

Impact of the "ageing" of STAT credit
Growth of used part



May 19th, 2009 23

Off-balance sheet : credit lines as a liquidity option
Model for optional drawing

� Impact on the liquidity schedule of OPT credit models. 
� Three liquidity schedules can be computed

→ Assumption 1: stable used rate
→ Assumption 2: transition probability rule hold
→ Assumption 3 : stress scenario – 1 notch downgrade for the whole portfolio
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3. Customer rate pricing / links between liquidity & 
credit risk
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Customer rate Pricing

With the liquidity crisis, banks pay more and more attention to the pricing of all the 
products. The decomposition of the price for the assets (credits…) and for the liabilities 
(debt instruments…) has revealed how to optimize pricing processes.

Bank have started to pay more attention to:
� Links between funding spreads and CDS probability of default
� Links between funding spreads, CDS prices and Market LGD
� Customer asset and liability pricing

These models help commercial department to price the assets / liabilities with the 
introduction of Fund Transfer Price (Internal FTP price) between the commercial 
department and the ALM Department.
� Price transfer for the Interest Rate and liquidity risk
� Price transfer for the Credit Risk

These FTP allow the computation of the profitability of liquidity risk / credit risk positions.
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Merton model, CDS and ALM

Merton Model (1974) gives a formula for the 
probability of default as a function of the asset 
value, the debt amount and the asset price 
volatility (i.e. as a function of the shareholder 
stock value, the debt amount and the stock 
volatility)

� The default probability increases with the 
levier, the asset volatility and decreases with 
the difference between market capitalisation 
and Accounted Equity.

The CDS market will provide enough information 
to measure the market probability of default (PD).
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From CDS price to BNP Paribas funding spread

The difference between BNP Paribas CDS price 
and BNP Paribas Senior funding Spread is called 
« basis ».

This basis is due to different elements :
� Different appreciation of Loss given 

default (LGD) between Fixed CDS LGD 
(40%) and effective Market LGD (including 
a risk premium for the bondholder 
compared to the CDS holder)

� Market illiquidity price for the bondholder

Bank Funding Rate = Risk Free Rate + 
PDBank.LGD(bond)Bank + Funding Illiquidity

BNP Paribas Market implied LGD
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Implications for Customer rate pricing for Assets and Liabilities

It is possible also to decompose the customer rate for assets and liabilities.

� For the liabilities:

Liability Customer Rate = Risk Free Rate +PDBank. LGDliability
Bank + Illiquidityliability

It means that the liability customer rate is a function of the seniority of the liability and of 
its market illiquidity.

� For the assets:

Asset Customer Rate = Risk Free Rate +PDAsset. LGDAsset + IlliquidityAsset

� For the assets taking into account the Cost of Capital (CoC):

Asset Customer Rate = Risk Free Rate + (PDAsset. LGDAsset - CoC) + CoC + 
IlliquidityAsset
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Customer rate pricing

These definitions guarantee that:
� The customer rate of a risk-free asset is the risk-free rate
� The customer rate of liabilities decrease with the seniority of the liabilities
� The customer rate will differ from one product to another

This explanation of the customer rate pricing has various impacts within the bank:
� On banking organisation (between risk management, ALM and Finance Teams)
� On management control organisation and on FTPs
� On ALM risk Indicators

PD LGD Illiquidity Customer Rate
Credits 50 10% 20% 0.20% 5.20%
Government Bonds 50 0% 0% 0.00% 3.00%
Total Assets 100 4.10%
Demand deposits 50 10% 0% 0.20% 3.20%
Term deposits 42 10% 5% 0.00% 3.48%
Equity 8 10% 100% 0.00% 13.00%
Total Liabilities 100 4.10%
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4. Conclusion and perspective for ALM risk 
metrics evolutions
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3 main risk sources for Liquidity Risk

With our examples we show actually that there 
are 3 main liquidity risk factors:

� Risk that the average marketplace default 
probability increases
� The probability of default of our customers, 

of our competitors and of our bank 
deteriorates

� Linked with systemic risk factors (GDP…)

� Risk that our bank’s default probability 
deteriorates when it doesn’t change for 
the rest of the market
� Linked with the specific risk factors of our 

bank

� Risk that markets become illiquid (with 
unchanged probability of default)

•Wealth effect on demand deposits

•Prepayment option modelling

•Credit line option

•Correlation between market rates and funding 
costs for fiduciary deposits

•Liability customer rate pricing

•Illiquidity cost for customer rate pricing

•Credit line option
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3 risk metrics to monitor Liquidity Risk

ALM Teams have to implement 3 different risk metrics (3 different liquidity gaps or 3 revenue 
sensitivities) to represent the 3 risk sources.

Cross risk metrics are important too. The 3 risk sources are correlated and correlated with 
Recession and Credit Risk. Stress Testing should take into account the cross risks!

Bank net interest income Y Y + 1 Y + 2 Y + 3 Y + 4 Y + 5
Standard scenario

100         108            117         126         136         147         
with systemic crisis impact on ALM income

90           97              105         113         122         132         
with systemic crisis & specific impact on ALM income

81           87              94           102         110         119         
with systemic crisis & specific impact on ALM income

plus market illiquidity increase 73           79              85           92           99           107         
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Conclusion

� ALM have to adapt its models due to the liquidity crisis. Valuing the bank resources 
has become a gaining strategy in this new financial environment.

� Customer behavior models help : 
� To forecast liquidity need of the bank
� To be more confident in the bank strength
� To develop tools for constructing an « internal model of liquidity »
� To implement reliable risk metrics

� Modeling best practices:
� Backtesting the model in order to control

– model reliability
– model stability

� Being close to business/branch/country specificity to adapt model. Communication 
between business lines is important!
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Going further

ALM modelling for liquidity risk is only at its beginning!

� The modelling is still often too aggregated. We need a customer by customer 
modelling in connection with marketing databases!

� The links between products have to be better established.
� Bank is implicitly committed to lend to many corporate customers

� The links between credit risk and liquidity risks have to be better understood!

� The links between liquidity risk and capital needs have to be clarified.
� links between probability of default and capital needs
� Impact of incomes, dividends and expenses in the liquidity gap positions.
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5. Appendix
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BEHAVIOUR MODELLING

CREDITS

PRODUCTS WITHOUT
CONTRACTUAL MATURITY

OFF – BALANCE SHEET

NEW PRODUCTION

FINANCIAL MARKETS MODELLING

MODELS INTEGRATION IN RISK 
METRICS

ALM Models Typology

1. Delta equivalent computation methodology

1. Interest rate modelling (One factor model, Two factors model, Real rate modelling)

2. Liquidity cost modelling

3. ALM pricing

1. Prepayment / Renegotiation / Extension of Credits (mortgages, consumer loans…)

2. Default

PD and LGD impact on interest rate and liquidity gaps

3. Explicit options (e.g. how to take into account caps in ALM risk metrics…)

4. Residual value (for leasing products)

5. Demand deposits balance forecast

Closing rate, average balance by account

6. Volume effects on existing products

Arbitrage between savings and demand deposits

7. Correlation between customer rates and market rates

Demand deposits customer rate modelling / Savings rate modelling

Usury rates indexed loans

8. Probability of using a credit line

9. Payment delays

Delay between market rates and customer rates

10. New production modelling (Volume effects, wealth effects, perequations…)
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Behavioural Model: From Credits to Deposits
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Liability side : Non-maturity deposit modelling
Closing Rates and “Life Cycle Effect” – Illustration

The modelling focuses on the account closing statistical probability and on the growth rate of the 
average balance by account as a function of the seniority:

Closing rate and average amount per account as a function of age
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Merton Model (1974)

Merton Model was designed to assess the credit risk of a counterparty. Merton models the probability for a 
company to default as a function of the debt/capital ratio, equity volatility and the equity spot price.

The balance sheet is equilibrated for the accountants and for the analysts:

A t = D t + K t
V(A)t = V(D) t + St

The shareholder has an option on the debt holders. The equity is a call on the assets with the debt level as strike.

The model assumes that the firms matures at date T, that the debt is a zerocoupon debt of maturity T

ST = [ V(A) T - D T ]+

By put-call parity, the firm's debt comprises a risk-free bond that guarantees final payment plus a short put option 
on the value of the firm.

V(D) T = V(A)T - ST= V(A)T -[ V(A) T - D T ]+ = D T + [V(A)T -D T]-

A t Assets K t Accounting capital D t Debt

V(A) t Assets Market value S t Stock Price V(D) t Debt Market Value
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Merton Model (1974)

Merton Model is a basis for Basel II regulatory models to compute credit risk (Moody’s KMV 
model is derived from Merton Model). It is also used for the pricing of CDOs and CDS…

Default will occur if Assets value at date T goes under the debt accounting value.

If the Asset Market value follows a classic Black Scholes :

The cumulated probability of default at horizon T is written as :

It means that there is a direct relationship between the default probability, the asset value, the 
asset volatility and the debt amount.
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