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Motivation

Three nagging problems

Difference between markets valuation (OIS discounting) and Banking book management (based on FTP).

Funding Valuation Adjustment is an adjustment on the value of derivatives to include funding costs. However, one

(main) reason for funding longer term is liquidity risk.

Liquidity Risk is a risk! Hence if valuation should include all risks, how to include liquidity risk?
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The Question

How can a bank include liquidity risk in the valuation of its assets?

Consistent valuation of
— Loans/mortgages vs bonds

— OTC derivatives vs collateralized derivatives
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Literature on Liquidity Risk

Regulatory/Risk Management

Principles for Sound Liquidity Risk Management and Supervision, BCBS 2008
Internal Liquidity Adequacy Assessment Process (ILAAP)

LCR and NSFR in Basel 3.

CAPM extensions
Main conclusion of this branch of research: investors require compensation for investing in less liquid assets

(Acharya Pedersen,...)

Practical approaches

Increase the discount rate by a liquidity premium for illiquidity of the asset. The liquidity premium could be chosen

based on own risk-appetite or benchmarked in the market.
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What is Liquidity Risk?

Definition in BCBS (Principles for Sound Liquidity Risk Management and Supervision (2008).):

Funding liquidity risk is the risk that the firm will not be able to meet efficiently both expected and unexpected current
and future cashflow and collateral needs without affecting either daily operations or the financial condition of the firm.
Market liquidity risk is the risk that a firm cannot easily offset or eliminate a position at the market price because of
inadequate market depth or market disruption.

Definition 1 will use for valuation

Liquidity risk is the risk for an event to occur that forces a bank to liquidate some of its assets.

We will call such an event a Liquidity Stress Event (LSE)
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Liquidity Risk Model - approach

1. When a LSE hits the bank, no (new) funding can be obtained during the duration of the LSE

2. An asset whose funding expires during an LSE needs to be liquidated

3. The liquidation of an asset results in a loss depending on the liquidity of the asset

4. Determine the expected loss depending on the asset’s liquidity and funding term

5. Determine the optimal funding term and value of the asset can be determined
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Liquidity Risk Model — Liquidity Stress Event

Sufficient liquidity No liquidity Liquidity is back

Assets can be funded, If funding term is ! event Assets funded longer term
funding can be rolled over smaller than LSE than the LSE duration can
duration asset needs have their funding refreshed

to be liquidated

Consider a Poisson process for the occurrence of LSEs with intensity A

the duration of an LSE is random. We choose a lognormal distribution

Levent ™~ PLN (1L, ':F_]

In the examples we willuse 4 =1n(0.5)
o0=0.5

If the funding term is insufficient for the asset to ‘survive’ the event the asset will be liquidated resulting in a loss.
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Liquidity Risk Model — Liquidation Value

Mathematical formulation
2. Next we need the liquidation value for an asset depending on funding term l‘h.q We choose

L'T"’rl.rtsrw-nt' tliq] — 1113}:(1 — {;{ bevent — t]ili] :IIEﬂ-,-Eni o i ? L'T";ruin]

Note that in the limit ¢ to infinity:

LV =1 it fevent = t]iq
LV = Lv;n:in if levent = t]iq

The expected liquidation value is

E[L]’;r:tm'ﬂnt . tliqj: — -'ﬁ"rlr_FL a. lﬂg“qu]}
+ (1 + etiig) N (p, o;log(thg), log(ty,))
_ ceftte’ PN(p+ o2, o log(tyig ). log(t,,))
+ LVigin(1 — N, o:log(t,))),

with

b = tjg + (1 — L‘ﬁnin},"’lﬂ
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Liquidity Risk Model — Liquidity Costs

3. Liquidity spread and expected liquidity costs

The value of a bullet loan at time 0 is given by

Vo=e TPr+tq =>T) +e " TE[LVIP(T 4 tjjq < T)

= ¢ "Te M —tia) 4 e TRE[LV](1 — e AT —ta))

For a small intensity this may be approximated by

Vo m e {1 = A1 - E[LV])(T — tiiq)}

The liquidity spread may be defined as

[(tiiq) = A(1 — E[LV])

The liquidity costs (expected loss due to liquidation) are then

LC = A1 — E[Lv]}w
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Liquidity Risk Model — Funding

3. Multiple curves and funding costs

. . . . . . 3,5000%
For derivatives pricing usually OIS is used as discount
Rate. However now we use a funding term that may be | ***
larger than overnight (ON). Therefore 2 5000%
. 2,0000%
T = L'f]jq (D '[],. TJ —o—EQNIA
1,5000% —— 1P
H H H £
Using simple compounding: ——m
1,0000%
E—‘J-T f— 1 S L {D {] T:IT 0,5000%
fr]iu_ e
0,0000% i = - : o
Incremental fu nding costs may be defined as Source: T. Broekhuizen — Multiple discount and forward curves, Topquants presentation nov 2(
FC = [Ly, (0,0,T) — Loy (0,0,T)]
g% RBS Document Classification: Public
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Liquidity Risk Model — Valuation

3. Liquidity spread and expected liquidity costs

The minimum of the funding plus liquidity costs, corresponds to the optimum value:

This supremum may be found by minimizing the sum of liquidity costs and funding costs
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Results — a liquid asset (1Y)

Liquid asset with maturity = 1]
C=0.5
LV_min =0.9
=80b
P==22E LC vs FC: a liquid asset (1Y)
50
45 A /A
40 | A
35 - -
S 301 —+—LC
£ 25 FC
g 20 —a LC+FC
15 /
10
Ve
0 T T T \M
0o 1 2 3 4 5 6 7 8 9 10 11 12
months
Results:
Optimal Funding Term = ON
FC = Obp
LC =8bp
gz RBS Total = 8bp Document Classification: Public
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Results — a less liquid asset (1Y)

Less liquid asset with maturity = 1Y]
C=2
LV_min =0.5
p=80bp —_—
LC vs FC: a less liquid asset (1Y)
50
45 A
40
35
& 301 —+—LC
£ 25 FC
§ 20 1 —a—LC+FC
15 »
i ~\
5 \\
0 T T T T T T T T M
01 2 3 4 5 6 7 8 9 10 11 12
months
Results:
Optimal Funding Term = 6 months
FC = 25bp
LC =7bp
¢ Total = 32bp L .
0 RBS Document Classification: Public
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Results — an illiquid asset (1Y)

llliquid asset with maturity = 1Y]
C=1000
LV_min =0
=80b
P==22E LC vs FC: an illiquid asset (1Y)
90
80 4<\
70 -\\
__ 60 \\
o
) ——LC
2 50
= A FC
% 40 \\A\‘_‘/A/‘
9 ——LC+FC
30
N
20 -
10
0 o T T T T T T T T T T T T : T
0 1 2 3 4 5 6 7 8 9 10 11 12
months
Results:
Optimal Funding Term = 9 months
FC = 35bp
LC =4bp
gz RBS Total = 39bp Document Classification: Public
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Valuation of a bullet loan/ZC bond

Discount factor of a single payment is

DF(t,T) = E[t?‘_”'"Tic;i'i'H":'H':L"“"""l'r’lliq:':‘--‘r_f:'

.

A useful approximation is given by
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Summary so far

Liquidity Risk modelled as external events, that depending on the funding term may lead to a liquidation loss.

By minimizing the sum of funding costs and expected liquidation losses the optimal funding term can be
determined.

The discount rate references the optimal funding term

The discount rate depends on the liquidity of the asset
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Derivatives valuation

ON funding

The liquidity costs when the funding term is ON are given by

LO=E |;[ dt,DF{]j{-:;ﬂ. tﬁ_llz_-'l.f?_-'l.f-:;fj J'I_If}{mxpl_r,l: ti(l — L-T-"-:;i!‘m-m“ dom )

0

Assuming independence of the MtM and duration of the LSE this becomes

LC = f dt DFon(0,t)EE (t)poxp(A:t) (1 — E[LV (teven:: ton)])
]

where EE(t) =E [(MtM(t))"]
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Derivatives valuation

Similarity to CVA

The expression for the liquidity costs (based on ON funding) is similar to CVA

L. CVA
fJ(!.__]}l:.}l: TﬁlﬂTf PDI:_f.f ne I’.ff_:l
[ 1 —E :Ll"rl.frerw:ru , LON :]: LD
Funding set Metting set
gz RBS Document Classification: Public
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Derivatives valuation

Optimal funding

Define collateralized derivatives value relative to ideal (no IM) collateralized derivatives

Uncoll = Coll’® _ po — LC

Besides a funding term a funding buffer is required to avoid liquidation when MtM increases during an LSE:

—

FC=E

| 5

f dtDFon(0,t)(MtM(t) + F By, (t)) e ™ [Ley, (0,1, + tiiq) — Ligy (0.1, + fli{._j]]
1] ' '

LC=E [ f  dtDFo (0, + trig J(MEM (t + t150)) T Pexp (X (1 — LV (fevents thiq) ]
0

Where the funding term is replaced by the minimum of the funding term and the time of depletion of the funding

buffer:

%< RBS

Elig = t]lifl-:;i!‘]'u]. Lhit )

MM (7 + ty,) = MtM(7) + FBpyq(7)
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Derivatives valuation

Estimating the funding buffer

Define collateralized derivatives value relative to ideal (no IM) collateralized derivatives

dMtM = vol x MtMg = dW

Besides a funding term a funding buffer is required to avoid liquidation when MtM increases during an LSE:

FB
vol » MtM;

=

Minimization of the costs determines the size of the funding buffer and funding term

costs = (MtM + FB)[Ly, (0,t,t + tiq) — Lon (0, £, + tiiq)] + MtMAE [(1 — LV (fevent. tliq))]
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Derivatives valuation

Estimating the funding buffer

Assuming a vol of 10% the results are

rt;[;lmml — O.7T

FB =169% = MtM
costs = hThp = MiM

In terms of a VaR the funding buffer can be expressed as

FB ~ l-vear VaRggo
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Derivatives valuation

Estimating the funding buffer

The optimal funding term and buffer for different vols:

vl i!‘m;““m] FB/MtM in % | costs in hp
(Ll (.82 2.3 a1
o2 (.51 1.3 02
ANIE (1.5 .1 02
IRIE! .5 7.9 a3
ANIE) (.75 9.0 a4
ANRIE (.75 11.1 TH)
0.O7 (.78 L2.0 55
(L= (.75 14.1 S5
(L0 077 15.5 515
(.1 077 LD 5T
(.11 LT 15.2 a8
012 LT 19.5 aR
13 (.75 2005 a9
(.14 (.75 22.1 a9
15 (.75 23.3 Gl
LG (.74 24.5 Gl
17 (1.7 20.7 53
1% (1.7 205 53
0149 (.73 25.0) G2
.2 (.73 29.1 2
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Calibration to Libor spreads

Market data
ON, 1M,3M, 6M curves shown below

Mulsiple curves
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Calibration to Libor spreads

Calibration results

We have fixed the following parameters

And calibrate the intensity and liquidation values for 3M and 6M
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Calibration to Libor spreads

Calibration results fixed LV’s
If we additional fix

LV 3M = 68%

LV 6M = 52%

LV 3M = 68% calibration
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Summary

A simple model for liquidity risk was introduced. This model implies

Discount factor
that the discount factor depends on the liquidity of the asset

an optimal funding term per asset

Derivatives:
the funding strategy consists of a funding term and funding buffer

valuation requires determining the optimal funding term and funding buffer

Calibration:

In principle, calibration is difficult, since by definition calibration instruments are not liquid. Nevertheless many
choices are possible: bonds, loans, derivatives.

An example, was shown where the model was calibrated to libor curves
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Disclaimer

Any views, opinions, forecasts, valuations, prices or estimates in this material are those solely of the author

and are subject to change without notice.
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