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VALUATION OF DEPOSIT INSURANCE
WITH A REGIME-SWITCHING
VOLATILITY (OPTION-BASED MODEL)
TO SUPPORT A BETTER FINANCIAL
NET SYSTEM IN INDONESIA




RESEARCH BACKGROUND

Deposit

iInsurance-
option model

Dynamic

economic
condition

Instability and lost of
public confidence

Financial crisis in 1998 in Indonesia, a
blanket guarantee system is proven to
restore public confidence in the banking
system although an additional fiscal
burden is arisen and a potential moral
hazard exposed.

Adopted deposit
iInsurance

Modelling deposit insurance as a put
option model, assumes constant
volatility

Good and bad
economic condition

The economic changes between two
states, good and bad. The change is
represented by a regime-swicthing
volatility based on Markov process.



to implement the valuation by providing simulation studies to know the
behavior of the model and a dashboard system to provide informations and

to analyze the results to be able to provide some justifications about the )
insurance product. .-~

to obtain solution of the new model analytically
or semi-analytically using transform methods

to develop a new valuation model of a
deposit insurance with a regime-

switching volatili,t/)y,f"//, RESFEFARCH GO AL S

THERE ARE 3 MAIN GOALS IN THIS RESEARCH



Experiencing a financial crisis in 1998 in Indonesia, a financial safety net
system is important to hedge the financial stability from the crisis and to
recover the public confidence to the banking and financial system. .-~

A deposit insurance is one of the part of the
financial safety net system which value requires .
to be determined .~

This research provides better

valuation or pricing ‘.’Z;J."i{'i';'i‘;f.i;/,,/'/I MPORTANCE OF
e THE RESEARCH

Considering that the economic condition in Indonesia changes due to some
factors, a constant volatility model can not reflect the changes.

Therefore, we propose a new model of a deposit insurance valuation

incorporating a regime-switching volatility in order to provide a more realistic
model
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Developed a new model to value a deposit insurance
incorporating the economic change as a regime-switching

volatility model.

This model better reflects the
economic change which is assumed to be

constant in the existing model -~

a dashboard information system C ontr | b U t | on an d
is built for the implementatio/n/’
Novelty

The proposed approach offers alternative method for valuing the deposit insurance as
a part to support a better financial safety net system, and furthermore the model can
be used for the case in Indonesia such as the Deposit Insurance Company (LPS-
Lembaga Penjaminan Simpanan) by Indonesia Government
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Option valuation

DONE IN
Mumencal method CURRENT
European RESEARCH
options :
Fourier TrRnsform and
Laplace transform . ]
and Fourier
transform,_amd the
iIMsErse
& Deposit insurancea
Pre-study: options walue with a regime-
valuation, stock loan iti switching volatility as
valuation a part supporting the
finandal safety net

A regime-
switching model

Stock Loain

Bireporriial
me=thiod

Inputing the Solution Method:
as=et model, Price of deposit

INS U ranoes

Building A Dashboard
A Regime-switching - - Information Systermn for A
volatility model Deposit Insurance




RESULT L

AN ANALYTIC VALUATION OF A DEPOSIT INSURANCE-NON
SWITCHING




DEPOSIT INSURANCE MECHANISM

ISSUING A DEBT $6000 AND WILL PAY IT FOR 56500
IN THE MEXT & MOMNTHS

>

LENDER

COMNTRACT I5 MADE

+—— INTEREST RATE
¢ VOLATILITY

BANK'S ASSET

DECREASED IN
VALUE

BANK'S ASSET BANK'S ASSET

INCREASED IN THE SAME
VALUE AS BEFORE

BANK STILL DEPOSIT
BANK WILL PAY CAN PAY ITS INSURANCE IS

ITS DEBT DEBT NEEDED

PUT OPTIONS MECHANISM

WANT TO SELL HIS/HER STOCK $6000 FOR %6500

THE WITH AN OPTION IN THE NEXT 6 MONTHS THE

HOLDER

THE WRITER AGREED TC ACCEPT THE OFFER

WRITER

HOLDER'S STOCK
REMAINS THE
SAME

HOLDER'S STOCK
INCREASED IN
VALUE

HOLDER CAN 3ELL
HOLDER KEEPS THE STOCK WITH

THE STOCKS OR WITHOUT
OPTIONS

+4—— INTEREST RATE
<*— VOLATILITY

HOLDER'S STOCK
DECREASED IN
VALUE

HOLDER SELLS IT
TO THE WRITER
USING OPTIONS




RESULT L

AN ANALYTIC VALUATION OF A DEPOSIT INSURANCE-NON
SWITCHING




DEPOSIT INJSURANCE

BANK'S ASSET DYNAMIC PORTFOLIO
AV = uV dt + oVdW =G+ 22V

ITO'S LEMMA

G G 182G . . aC
dG = [ —puV + == + = Z52V? ) dt - V AW,
(ﬂv‘” ot  20ve ) oV
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DEPOSIT INJSURANCE

PDE SYSTEM FOURIER TRANJSFORM

Flg}= [ gla)d = (0
s/ C | G G —00

L 22 | 7o —
ﬂ"t ] EJ V 5LJ_E ] EL;_TL 'T'G — ﬂ
G(0.t) = Be "1 1. F{bg+ch} =bF{g}+ cF{h}
G(V.T)= (B —V)* 2. Flg'} = —iCf(0). if lim g(z) = 0
lim G(V,t) =0 3. Flg"} = —Cf(Q), if li}ﬂnﬁg’[z] = 0.

V' —=e0

The Power of PowerPoint | thepopp.com 17



DEPOSIT INJSURANCE

SOLUTION AFTER INVERSION WITH
DIMENSION

G(V,t) = Be "0 (z) — Vd(z)

o

2
In(B/V) — (T - ?) (T — 1)
o/ (T —t)

o = —|—£F"l.l"r-'T—1'2

Z1 —
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RESULT 2

AN ANALYTIC VALUATION OF DEPOSIT INSURANCE
WITH A REGIME-SWITCHING VOLATILITY




DEPONIT INSURANCEWITH
REGIME-SWITCHING VOLATILITY

ASSET DYNAMICS DEVELOP PDE
d: = pdt + o=dW,
JC — ; Gi(S(t+dt), t +dt) — G(S(t).t), for p=1— Ajadt,
{1, good economy o | Ga(S(t+di),t +dt) — G1(S(t).t), for p= Aypdt.
E(t) =

EEGI._ for P = 1l — }ngdﬁ,

2, bad economy
dG =
dGs + Gy — (G, for p = Aqadt.

Pt >t)=e ™, jk=1,2j#k
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DEPOXNIT

REGIME-SWITCHING

DEVELOP PDE

=G - AV

dll = dG — AdV

i
A7 — AdV.
dll = ¢

for p=1— Aqadt,

L dlza + Goa — (71, for p=ﬁ1gd1‘-.

INSURANCEWITH

VOLATILITY
DEVELOP PDE

E[dI] = dGy — AdV + Ajadt (dGy — dGy + Ga — Gy)

E[dN] = dGs — AdV + Aoydt (dG1 — dGa + G1 — Go)

L 0Gy [ 0G) 1 4 ,0°Gy 0Gy]
dG1 = oV T dW + <h,u,lx v T EJIL vz T ; dt

L L0Gy o 0Gy 1 4 487Gy 0GH)
dGa = aaV 51 dW + <h,u,1r ra —|—§JEL 5172 T : dt
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DEPOXNIT INSURANCEWITH
REGIME-SWITCHING VOLATILITY

PDE OF DEPOSIT INSURANCE

(0G| 1,0 oG,

o961 | 200 VL G = AW(Gy — G
5 3015 g TV gy — "G = Ana(Gi— Gy)
G(V.T) = (B—V)*

lim G,(V,t) =10

I V—oco

| Gi(0,t) = Be T

(( 0Ga 1 9*Gy G
+ - + 7V
at 2

052 oV
Go(V.T) = (B —V)*
| lim Gy(V.t) =0

| G5(0,¢) = Be "0

EFe}SE — TGE J'u:q {Gf} — Gl]
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DEPOXNIT INSURANCEWITH
REGIME-SWITCHING VOLATILITY

FOURIER TRANSFORM

: | - — T T 31 r
e m) = [ ey (o [0+ )

I o edw)T— _ o—glwyr_ | edlw)r— 4 e Iw)T— o
(g el 2g(w) - 3\ 1) |
i 27 4 2\ \wt5 ) =3
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NOLUTION

Gl{:w, t;] —

o +os :
. 1 _% (r-l-ﬂ'—klm-l-l?l"' B ) - Efl{P:"::J'“IE + ;"‘91]
Be T —1) 4 V' Be {T o t] - /
ywyoAd Jo  Llp* + 5) M(p)(of — o3)
1

{ X0 (202 = 3 )sin(fale) + 3(0) = ¥ (0) = (262 + 5 ) cos(fale) + &) = Y (o)

2

- X0 [(202 = 3 )sin(al) + 600) + Y (o) — (207 + 3 ) cos(alo) + 6(0) + Y ()|}

2
, Efl {f-:'} E_.’L' (o)
- M(o)

— e Xl [Ein{ falp) + @(p) + Y (p)) + cos(falp) + @(p) + F{;ﬂ}}] ]

[sin{fg{p] + 6(p) — Y(p)) + cos(fa(p) + d(p) — Fiﬂ]]}

| fl{P}l x {E-’f'iﬂ} szﬂ — l)ain{fg{p} —Y(p)) + (Epg - %) cos( fa(p) — FfP]]}

P+ 16 2

+ {e—-’“ﬂﬂ [(zpﬂ - %)Ein{fz{ﬂ} Y (p) + (:?pﬂ + é)ms{fg{p] + ‘r’{p:r:r] }}dp (5.56)

20
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NOLUTION

Ga(V.t) =

1 ok i 1 |
P | _ Ll r+ DA qa+2a+ T2 1 (—=1D)2f(p)( Aa + Aaq)
Be T 1) V' Be ( ) T — ¢ {
A T-0x [ G e ~o3)
{e—-’“ﬂﬂ (zpﬂ _ %)Sin{fz{;ﬂ} +6(p) +Y(p)) — (Epﬂ + é) cos(fa(p) + d(p) + Y ()

_ X(p) [(gﬁﬂ _ é)gin{fg{pj +d(p) — Y(p)) — (Epﬂ + l)msnffz{;ﬂ] + o(p) — Tf'[.ﬂflfl: }

2
- 21(p) {e—-’“ﬂﬂ sin(fa(p) + d(p) + Y (p)) + cos(fa(p) + 6(p) + Y (p))

— X0 |sin( fa(p) + &(p) — Y(p)) + cos(fa(p) + o(p) — Y (p)) |}

fi(p) < {E_I'{’”} (Epﬂ — %) sin( fa(p) + Y (p)) + (EPQ + é) cos( fa(p) + F{P”]

7
+ {e-’”ﬂﬂ (Eﬁ _ %)Ein{fﬂp} _Y(p) + (zpﬂ + é)ms[fg(m _Y(p)) }}dp (5.57)




RASIL NUMERIK

Table 5.1: Bond ($100) more than Asset ($90) in one year with Ajs = Ay = 1

Deposit- Black- . . Black-
. | Guarantee | Guarantee
Interest | to-Asset Scholes | o Scholes
01 72 A - I State in State 2 .o

Rate Value in State (@) ) in State

Ratio 1 (%) Y s 2 (5)

5% 1.06 6. 790 T.BTH 0,349 10,178

20% T 1.04 5.495 G627 ®.146 ®.005

0% 1.02 4.351 h.005 7.049 7.906

5% 1.06 6.790 0.136 12.136 13.661

10% 0% T 1.04 5.495 7.003 10.9509 12.497
0% 1.02 4.351 (G.780 0.5656 11.404

% 1.06 6.790 10.467 14.994 17.083

410Y¢ T 1.04 5.495 0.241 13.5109 15.913

0% 1.02 4.351 H.126 12.714 14.8502




RASIL NUMERIK

Table 5.2: Bond ($100) equal to Asset ($100) in one year with Ajs = Agy = 1

Deposit- Black- . . Black-
| i - | Guarantee | Guarantee 1
Interest | to-Asset Scholes . S , Scholes
01 T A - I State In State 2 -
Rate Value in State (@) $) in State
Ratio 1 (%) - s 2 (5)
5% 1.06 1.924 3.0803 4.652 5.53T
20% T 1.04 1.375 2.439 3.007 4.746
0% 1.02 0.956 1.913 3.258 4.042
5% 1.06 1.924 4417 7.607 0,220
105 0% T 1.04 1.375 3.7T18 6.750 8.328
0% [.02 0.056 3.122 5.08T 7.405
5% 1.06 1.924 5.827 10.630 12.851
40% T 1.04 1.375 5.085 0.709 11.879
0% 1.02 0.956 4.439 8.855 10.963




NUMERICAL IMPLEMENTATION

Table 5.3: Bond (390) less than Asset (5100) in one vear with Ajs = Ay = 1

Deposit- Black- . . Black-
- | Guarantee | Guarantee
Interest | to-Asset scholes . S , Scholes
01 o . - In State In State 2 -

Rate Value in State {(€) (%) in State

Ratio 1 (%) Y s 2 ()

% 1.06 0.238 0.816 1.714 2.984

205 T% 1.04 0.146 0.620 1.387 1.890

0% 1.02 0.086 0.469 1.115 1.553

H%o 1.06 0.235 1.753 3.048 5.206

104 0% T% 1.04 0.146 1.468 3.455 4.624

0% 1.02 0.086 1.230 3.015 4.102

5% 1.06 .23 2871 G.482 8.343

405% T% 1.04 0.146 2.5190 5.873 7.648

0% 1.02 0.086 2.212 5.313 6.000




GRAPHICAL REJSULTS

Corr:l%arison Deposit Insurance with a Regime-Switching vs Black-Scholes
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GRAPHICAL REJSULTS

Comparison Deposit Insurance - Various Interest Rate

0.05 0.1 0.15 0.2 0.25
Interest Rate

0.3



Guarantee ($)

GRAPHICAL REJSULTS

Comparison Deposit Insurance for Various Expiration Date

1 2 3 = S5 6 V4 8 O
Expiratory Time (in year(s))
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GRAPHICAL REJSULTS

Comparison Deposit Insurance - )\21=1
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CONCLUSION

ABOUT METHOD

€ The analytical valuation of a deposit
Insurance has been derived.

€ The solution formula for both state of a
regime-switching volatility is in the form of
integral with a real integrand which Is
obtained by analytical inversion of Fourier
transform.

€ The Integral is easy to calculate to
iImplement the solution.

€ A dashboard information system is
developed.

ABOUT DEPOSIT
INSURANCE

® The cost of deposit insurance with
regime-switching are between the
constant volatility ones.

& The effect of volatility to the cost of
deposit insurance is that the volatility
iIncreases the cost.

® The interest rate decreases the cost of
deposit insurance.

@® For a long maturity date, the cost of
deposit insurance shows a decreasing
trend

The Power of PowerPoint | thepopp.com
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OUR OBSTACLES

* Data availabllity Is not provided to validate our
developed model.

* Good and Bad Economy Condition often affect
bank assets.

* This model is only valid on single asset In financial
market.
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