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Preliminaries
• Our probability space(Ω, F, F, P), are driven

by aLévy process.
• Thefiltration F = (Ft)0≤t≤τ is assumed to be the

natural filtration ofL.

• A Levy processL = (Lt)0≤t≤τ hasindependent
andstationary increments.

• The jump process∆L = (∆Lt, t ≥ 0) associated
to a Lévy process is defined by∆Lt = Lt − Lt−.

• TheLévy measureν satisfies
∫

|x|<1

|x|2ν(dx) < ∞,

∫

|x|≥1

ν(dx) < ∞.
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Preliminaries
• σa is the volatility of the total assets,A.

• µa = µg − ǫ is the nett expected returns onA.

• σe is the volatility of the total equity,E.

• µe is the total expected returns onE
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Bank’s profitability measures
• Let Ar = (Ar

t , t ≥ 0) be the Lévy process of the
return on assets(ROA) then

ROA (Ar) =
Net Profit After Taxes

Assets.

• Let Er = (Er
t , t ≥ 0) be the Lévy process of the

return on equity (ROE) then

ROE(Er) =
Net Profit After Taxes

Equity Capital.
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Problem Statements
• To find the model that explain the dynamics of

thereturn on assets(ROA) the best.
• To find the model that explain the dynamics of

thereturn on equity (ROE) the best.
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The Stochastic Banking Model
Our bank balance sheet:

Value ofAssets(A) = Value ofLiabilities (Γ)

+ Value ofBank Capital (C).

For the balance sheet identity (1), we can choose

At = Λt + Rt + St + Bt; Γt = Dt

whereΛ, R, S, B andD are the value of the
corporate loans, reserves, marketable securities and
treasuries and face value of the deposits, respectively.
The value of the bank capital,C = (Ct, t ≥ 0) is
constituded as follows

Ct = Et + Ot – p. 7/21



Black-Scholes model
We can express the dynamics of the value process of
the:

• TAs A, by means of the SDE

dAt = At−
[
µadt + σadZ

A
t

]
,

• for the bank capital C = (Ct, t ≥ 0) :

dOt = r exp{rt}dt, O0 > 0

and:

dEt = Et−

[
µedt + σedZ

E
t

]

and the dynamics of the net profit after tax as
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Merton’s model
In Merton’s model we get thedecompositionof the
Lévy processL = (Lt)0≤t≤τ into

Lt = at + s̃Zt +

Nt∑

i=1

Yi, 0 ≤ t ≤ τ,

where
• (Zt)0≤t≤τ is a BM with standard deviatioñs > 0,

• (Nt)t≥0 is a Poisson process counting the jumps

• Yi ∼ N(µ, δ2) are jumps sizes anda = E(L1)

• PutσA = s̃σa andµA = (µa + aσa)

• PutσE = s̃σe andµE = (µe + aσe).
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Merton’s model
The dynamics of the value process of the

• TAs A,

dAt = At−

[
µAdt + σAdZA

t
+ σad[

Nt∑

i=1

Yi]
]
,

• Bank capital:

dEt = Et−

[
µEdt + σEdZE

t
+ σed[

Nt∑

i=1

Yi]
]

• Net profit after tax:

dΠn

t
= δeEt−

[
µEdt + σEdZE

t
+ σed[

Nt∑

i=1

Yi]
]

+

δsr exp{rt}dt. – p. 10/21



Dynamics ROA: Merton’s case

dAr

t
= Ar

t

[ (
δeEt(σ

E)2{(σA)2σ2

a
dZA

t
− σ2

a
} + σ2

a

+ (σA)2 − µA + [Πn

t
]−1{δeµ

EEt + δerOt}
)
dt

+
(
d[

Nt∑

i=1

Yi]δeEtσ
E{σAσadZ

A

t
− σa}

+ [Πn

t
]−1δeσ

EEt

)
dZE

t
+

(
[Πn

t
]−1σEδeEt + σAσadZ

A

t
− σa

+ δeEtσ
E[Πn

t
]−1dZE

t
{σAσadZ

A

t
− σa}

−δeEt[Π
n

t
]−1σEσAdZA

t

)
d[

Nt∑

i=1

Yi]

− σa dZA

t
− δeσ

AσEEt[Π
n

t
]−1 dZE

t
dZA

t

]
.
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Dynamics ROE: Merton’s case

dEr

t
= Er

t

[ (
[Πn

t
]−1

{
δeEtµ

E + δsrOt

+ δeEt(σ
E)2{2(σE)2 + σ2

e
dZE

t
− σ2

e
}

−δeEt(σ
E)2

}
+ [σE]2 − µe + σ2

e

)
dt

+
(
[Πn

t
]−1δeσ

EEt − σe

)
dZE

t

+
(
[Πn

t
]−1σEδeEt − σe + 2σEσedZ

E

t

)
d[

Nt∑

i=1

Yi]

+
(
δeEtσ

E{2σEσedZ
E

t
− σe}

− δeEt(σ
E)2

)
dZE

t
d[

Nt∑

i=1

Yi]
]
.
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Dynamics ROA: BS case
Special case whereLt = Zt i.e.∑Nt

i=1 Yi + at = 0.

dAr
t = Ar

t

[
{σ2

a − µa + [Πn
t ]

−1(δeµeEt + δsrOt)}dt

+ [Πn
t ]

−1δeσeEt dZE
t − σa dZA

t

− δeσaσeEt[Π
n
t ]

−1 dZE
t dZA

t

]
.
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Dynamics ROE: BS case

dEr
t = Er

t

[(
[σe]

2 − µe + [Πn
t ]

−1

{
δsrOt + δeEtµe

−δeEt(σe)
2

})
dt

+
(
[Πn

t ]
−1σeδeEt − σe

)
dZE

t

]
.
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Heston model
Thestochastic processesfor the ROA/ROE process
and the variance process.

dSt

St

= µ dt +
√

vt dW1t

dvt = κ(Θ − vt)dt + ξ
√

vt dW2t

dW2t = ρW1t + ξ
√

vtdW2t
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Numerical Examples: ROA

Jan-’05 0.9 Jan-’06 1.3 Jul-’05 1.6 Jul-’06 1.4

Feb-’05 1.8 Feb-’06 1.3 Aug-’05 1.2 Aug-’06 1.8

Mrt-’05 1 Mrt-’06 1.2 Sep-’05 .7 Sep-’06 1.2

Apr-’05 0.5 Apr-’06 0.8 Oct-’05 1.1 Oct-’06 1.4

May-’05 1.2 May-’06 1 Nov-’05 1.4 Nov-’06 1.1

Jun-’05 1.2 Jun-’06 1.5 Dec-’05 1.5 Dec-’06 2.2
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The parameter choices
Parameter Simbol Value
Volatility of Et σe 2.55
Total expected returns onEt µe 0.12
Value of net profit after tax Πn

t 16878
Dividend payments on E δe 0.05
Interest and principal payments on O δs 1.06
Interest rate r 0.06
Subordinate debt Ot 135
Bank equity Et 1164
Volatility of At σa 0.22
Nett expected returns onAt µa 0.01

Figure 2.Parameter choices for the ROA simulation.– p. 17/21



Merton
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Black-Scholes
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Heston
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Ongoing Research
• Descriptions of the dynamics of the other

measures of bank profitability.
• A comprehensive financial interpretation of the

results.
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