A GARCH Diffusive Approach to Volatility Forecasting:
Application for Mutual Funds

35 eeeeeeemeeas

M Jamary 2006 24 April 2006 M July 2006 M OcesberNE M Januaryd®d? M April 3007 H July 2007 24 Ocxober 2007

£:3CONSOB

B MARCELLO MINENNA — GIOVANNA M. Bol

Syllabus

* Volatility
» The GARCH Diffusive Approach

* Application to Flexible Funds Risk Assessment

* Empirical Evidence on the Risk Profile of Flexible Mutual Funds

* Conclusions

£ CONSOB

Eurcpe -
Srnckhoim, 3334 Apil 1058

Syllabus

* Volatility

* Importance and Relationship with other Risk Measures
* Random Variable and Stochastic Process

£:3CONSOB

Europe
Stacbeim, 13- 28 il 2088

Volatility: Importance and Relationship with other Risk Measures

Volatility is usefully employed in several problems of
mathematical finance, such as:

Derivatives Pricing

dSt = Mstdt + U-S'tdlﬂ

Mutual Funds Risk Assessment
din NAV, = b(t In f\:‘rAV})dt + (t, In 17\714"’}) dW,

Term Structure Modelling
dfy = a(t,T)dt +a (L. T,dW;
a(t,I)dt =o(t,1) [, o(t,s)ds
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Volatility: Importance and Relationship with other Risk Measures

Volatility has a close correspondance with any risk measure,
like Value-at-Risk (VaR) and ...

48% Annualized Volafility
= 1% Annual VaR
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Volatility: Importance and Relationship with other Risk Measures

... Expected Shortfall (ES)

Annualized Volatility
——1% Annual ES
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Volatility: Random Variable and Stochastic Process

Plot of the Time Series of the Annualized Volatility

30% -

28%

25% 4

23% A

20% o

18%

15% -

13% o

10% -

8% -

5%

@ e ® e 0 o T T oMM Y T O W ® D = I~
2 2 2 T P 2 2 2 9 @ 2 2 2 2 2 2 2 22 S
5§ 8§ 8§ § 3 8 £ 35 &85 5 8 5 & 85 8 3 8 8 o
G s R e s s S
A3 A & A 6 N &6 A5 A8 A6 A B A B A S A
T 2T 2 2T 2 T2 2 g L 2 2
- 8 - ¢ - O - 9 - g - 9 =9 = o = 9o = o =
I I R T I I I I I - I I S I

Europe
S

{3 CONSOB




Volatility: Random Variable and Stochastic Process

Probability Distribution of the Annualized Volatility
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Volatility: Random Variable and Stochastic Process

Pre)

Volatility is
a Random Variable {3
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Volatility: Random Variable and Stochastic Process

Volatility is [\
a Random Variable

&
~—~—
The Time Series of & is _
a Stochastic Process L, s
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The GARCH Diffusive Approach: Intuition

The GARCH Diffusive Approach: Intuition

Need for Volatility Forecasts based on Stochastic Volatility Models
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Need for Volatility Forecasts based on Stochastic Volatility Models

TIME SERIES ANALYSIS OF VOLATILITY
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The GARCH Diffusive Approach: Intuition

MODELLING THE TIME SERIES OF
VOLATILITY THROUGH
THE DIFFUSION LIMIT OF GARCH PROCESSES
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The GARCH Diffusive Approach: Intuition

MODELLING THE TIME SERIES OF
VOLATILITY THROUGH
THE DIFFUSION LIMIT OF GARCH PROCESSES

from: STOCHASTIC DIFFERENCE EQUATIONS

to: STOCHASTIC DIFFERENTIAL EQUATIONS

via: SHRINKING of the TIME INTERVALS
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The Convergence Theorem on R% The Statement

The sequence { X!} whose measurable space is (R”, B(R?)), converges weakly for h 40
to the process {X+}which has a unique distribution and is characterized by the following

stochastic differential equation:

dX; = b(z,t)dt + o(x,t)dWy 4

where T2 isa two-dimensional standard Brownian motion, if the conditions 1-4,
presented below, are satisfied.
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The Convergence Theorem on R% The Statement

The Convergence Theorem on R% The Statement

More explicitly, the sequence {Xth }, composed by the sequences {X},} and {X3,},
each of them measurable on the space (R',B(R')) | converges weakly for h }0 to the

following system of stochastic differential equations:

dX1: = bz, t)dt + oz, t)dV;
dXo ; b(zg, t)dt + o(zg, t)dW}

7 Tk . . . . . .
where Weand "¢ are two independent uni-dimensional standard Brownian motions,
and X1t and Xo: are two independent processes which take values on R', if the
conditions 1-4, presented below, are satisfied.

The process {X¢} has a distribution independent on the choice of
o (z,t)and it takes finite values over finite time intervals, i.e. ¥1 > 0 :

P( sup || X <x)=1
0<i<T
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The Convergence Theorem on R% The Conditions

CONDITION 1

If there exists a >0 such that:
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The Convergence Theorem on R% The Conditions

CONDITION 1

If there exists a 6=>0 such that:
fim [ CRo(@11) ) g
rio \ cps(zo,t)

Then there exist a(z,t)and b(x, t), continuous measures respectively mapping from
R? x [0,00) into the space of the 2x2 semi-definite positive matrices, and from R* x [0, 00)

into B2, such that:
lim br(x1,0)\ _ (b(21,t)
R10O\Dp (29, 1) b(za,1)
lim ap(z1,t) an((z1, 29),t) _ al(xy, t) _ 0
a0\ an((we,a1), 1) ap(xa,t) 0 alxg,t)
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The Convergence Theorem on R% The Conditions

CONDITION 2

There exists O (SL“ , f), a continuous mapping from R? x [0,00) into B2,
such that, Vz; € R, Vzy € R, it holds:

o(xz1,t) 0 _
0 o(xo,t)

Eurcpe
Sackhoim 33-34 e 3080

a(xy.t) 0
0 Valrg, 1)
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The Convergence Theorem on R% The Conditions

CONDITION 3

For h §0, X¢ converges in distribution to a random variable X0 with probability
measute Yo on (RQ, B (Rg))

CONDITION 4

vo, alz,t)and b(x,t) uniquely specify the distribution of the process
{X:} characterized by an initial distribution o , a conditional second moment (%, %)
and a conditional first moment b(x, t)
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The Diffusion Limit of the M-GARCH (1,1): The Statement 27

Given the equation of the conditional variance® in the M-GARCH(1,1): |

mo? , —Ino = 3% + (80" — 1) Ine? 4+ 37 In 22
or, equivalently:

In o%._'_l —Ing? = :’J’gc) + (_BSM — DIne? + ‘Z:'J’gk) In | 24|

Zp 1s 11.d. N(0,7)

"'The focus is on the difference equation for the volatility.
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The Diffusion Limit of the M-GARCH(1,1): The Statement 28

Europe For the convergence of the first equation see Minenna 2003,
Sy -4t 08

Given the equation of the conditional variance™ in the M-GARCH(1,1): |

InoZ,, —Ino? =35 + (3" — 1)Ino? + 3 1n 27
or, equivalently:

mol., —Ino? =85 + (8" —1)mo? + 25 In| 2|

Zy, is Lid. N(O,1)

[its diffusion limit is: |

dnoy = [8y+ 25,E (In|Z|) + (3, — 1) Ino7] dt + 2

51V Var(In | Z:)dW

Zyis N(0,1)

"The focus is on the difference equation for the volarility.
Europe For the convergence of the first equation see Minenna 2003,
e, 4 34 e 004
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The Diffusion Limit of the M-GARCH(1,1): The Proof

STEP 1
THE RE-SCALING OF THE PROCESS

The £ intervals are divided into 7/4 subintervals each one of length /

£ CONSOB

EL}JF.OQ‘P . 30

The Diffusion Limit of the M-GARCH (1,1): The Proof

STEP 1:
THE RE-SCALING OF THE PROCESS

The £ intervals are divided into 7/4 subintervals each one of length /

2 2

Bon+(B1n—h) Inck,+254y, {\@Un |Zk| — £ (In|Z[)] + £ (In \Zkﬂ}
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The Diffusion Limit of the M-GARCH(1,1): The Proof

STEP 2: .
THE CONSTRUCTION OF THE PROCESS {ln 02 }

Definition of the probability measure P, on the Skorokhod Space Dsuch that:
Pu(lno?" eT) =) v € B(R')
Pi(lno2" =lno2,, Ykh<t<(k+1)h) =1

Pu(no? 1y, € TISks) = Iy (0o, Dlas. under Py, Vk >0, VT € B(R')
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The Diffusion Limit of the M-GARCH (1,1): The Proof

STEP 2: .
THE CONSTRUCTION OF THE PROCESS {ln cr? }

Definition of the probability measure P, on the Skorokhod Space I?such that:

Py(nod” €T)=w(I') VI € B(RY)

Pu(lno? =Ino2,. Vkh<t<(k+1h)=1

Py(lno?

2 om € TISus) = Iy (no%,, D)as under Pi, VE > 0, VT € B(R')

Qh

Qh
Ino; ,—Ina;

Bont(Fy—h) Ino?" +23,, {\/E [In|2}| - E (In|2])] + E (In \Zf|)}
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The Diffusion Limit of the M-GARCH(1,1): The Proof

Europe 3

A qualitative idea

The round point is the process { In O’fh}
The horizontal line is the process { Ino? }
1
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The Diffusion Limit of the M-GARCH (1,1): The Proof

The Diffusion Limit of the M-GARCH(1,1): The Proof

STEP 3
CHECK OF CONDITTON 1 OF THE CONVERGENCE THEOREM

3

Finding the values of Jor. and i which guarantee

the convergence of the conditional moments

£:3CONSOB

STEP 3
CHECK OF CONDITION 1 OF THE CONVERGENCE THEOREM

Finding the values of Bor. and Fir which guarantee

the convergence of the conditional moments

—

limey, g1 (lno?,t) =0
RO )

i <:> limby(In 02, ¢) = (B + 28, (In|Z:)) + (3, — 1) Ina?)
31.’1 = '\‘:’31 -h ri0

lﬁlﬂlah(ﬁ. t) = 45’%"'@:'(111 | Z:])
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The Diffusion Limit of the M-GARCH (1,1): The Proof

STEP 4
CHECK OF CONDITIONS 2, 3 and 4 OF THE CONVERGENCE THEOREM

The Diffusion Limit of the M-GARCH(1,1): The Proof

STEP 4
CHECK OF CONDITIONS 2, 3 and 4 OF THE CONVERGENCE THEOREM

* Condition 2 is verified for every &7>0, i.e.:
a(lne?, t) = 23,| v/Var(In|Z])

* Condition 3 is evidently satisfied by construction of the process {1n g?“}

* Consequently, Condition 4 is verified too.

Q.ED.
= LT X & m Eurcper 38 @CONSOB
Syllabus The GARCH Diffusive Approach: The Predictive Interval for the Volatility
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KEY POINT

From the Diffusion Limit of the
GARCH Process
it is possible to establish

a Predictive Interval for ©,
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The Predictive Interval for the Volatility : The Properties of the Stochastic Differential Equation for the M-GARCH(1,1)

ding? = [By+ 25,E (In|Z]) + (3, — 1) Ino}] dt +2

51V Var(In | Z:|)dW
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The Predictive Interval for the Volatility : The Properties of the Stochastic Differential Equation for the M-GARCH(1,1) Syuabus

dlne} = |8y + 25, E(In|Z) + (3, — Dnof| de + 2|3, VVar(ln|Z|)dvy

,-1) @,—1) 208, -1)

[ 2
Ing? ~ N {(lnggl 4 5u—2315f1nlzell> (B:=1) _ 6u—2.615|:m\zm:v’ (218, [y/VarimziD) (25— — 1)J
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The Predictive Interval for the Volatility: The Estimation of the Parameters of the Stochastic Differential Equation

| The relationship between the Stochastic Difference Equation and the Stochastic Differential Equation |

In G-FQH—l — lncri — 3{[]@ —+ (3§k} — 1)1110’?{3 + Qﬁgk} In |Z;€
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The Predictive Interval for the Volatility: The Estimation of the Patameters of the Stochastic Differential Equation

| The relationship between the Stochastic Difference Equation and the Stochastic Differential Equation |

mo?,, —Inot =35 + (3 —1)ne? + 25" |2,

—_— T~

3, Var(ln|Z|)dw;
000D

dlno} =[5, + 28, E(In|Z)) + (3, = 1) Ino] dt + 2
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The Predictive Interval for the Volatility: The Estimation of the Parameters of the Stochastic Differential Equation

Matching of the first two Conditional Moments
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The Predictive Interval for the Volatility: The Estimation of the Patameters of the Stochastic Differential Equation

Matching of the first two Conditional Moments

2 2
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The Predictive Interval for the Volatility: The Estimation of the Parameters of the Stochastic Differential Equation

The Predictive Interval for the Volatility: The Estimation of the Patameters of the Stochastic Differential Equation

The Maximum Likelihood Method
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The Maximum Likelihood Method
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The Predictive Interval for the Volatility: The Estimation of the Parameters of the Stochastic Differential Equation

The Maximum Likelihood Method

lna_?cH —Inol =a-+blno; +ey

8y = f1 (a@)
8, = fo (a@)
218, /Var (In|Z]) = fs (aﬁ,ek)
£300NS0B
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The Predictive Interval for the Volatility: Determination of the Interval

The Predictive Interval for the Volatility: Determination of the Interval
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The Predictive Interval for the Volatility: Determination of the Interval The Predictive Interval for the Volatility: Determination of the Interval
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Width of the Predictive Interval
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The GARCH Diffusive Approach: Other GARCH Models

Analogous Procedure

THE DIFFUSION LIMIT OF THE L-GARCH(1,1)

| e |

: Given the L-GARCH(1,1) model: :

1 |
* The Diffusion Limit of the M-GARCH(1,1) I 1
* The Statement I oi,-oi=wtoiB+mZi-1) |
* Proof 1, |
+ The Predictive Interval for the Volatility p o [
* The Properties of the Stochastic Differential Equation for the M-GARCH(1,1) 1 1
* The Estimation of the Parameters of the Stochastic Differential 1 its diffusion limit is: |
Equation 1 |
* Determination of the Interval | 1
* Other GARCH Models | 1
: do? = [w+ 9o?)dt + V2wodIV, :
1 |
- ___________ |
Europe 57 @m Europe 58 @m
The GARCH Diffusive Approach: Other GARCH Models Syllabus

Analogous Procedure

THE DIFFUSION LIMIT OF THE L-GARCH(1,1) THE DIFFUSION LIMIT OF THE E-GARCH(1,1)

e E

: Given the L-GARCH(1,1) model: I | Given the E-GARCH(1,1) model:

2 2 _ 2 — 2 (%
Ok — Ok =w+0i(B+=Z; — 1) 1110'24 — hlag = ﬁtl)k) + sﬂrik) lna’i + 3‘;" (|25 + v Z)

P
kis NiO7) Znis N(0,1)

its diffusion limit is: | | its diffusion limit is: |

9 .
dlng} = {ao*% (a4+(.!—f) —og— 05—y — 14 (o — Ulncrf] dt]
V2r 2

do? = [w+ da?]dt + /2ol dWV;

[P ag| =2 -
-+ o+ ?‘ T
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Application to Flexible Funds Risk Assessment: Key Concepts on Flexible Funds

Application to Flexible Funds Risk Assessment: Key Concepts on Flexible Funds

Asset Classes o
Use of derivatives

selected by the
Freedom to invest in any market Asset Manager and leverage

DEFINITION and in any financial instrument &
and to take leveraged positions
OB ]ECTM Maximization of the expected
return for a given level of risk

Risk Exposure
ST e @ m Europe 62 @ m
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Application to Flexible Funds Risk Assessment: Transparency Regulation on the Risk Profile

Europe 63

QUALITATIVE RISK CLASSES

Low
Medium-Low
Medium
Medium-High
High
Very High
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Application to Flexible Funds Risk Assessment: Transparency Regulation on the Risk Profile

Fundamental Assumption

Application to Flexible Funds Risk Assessment: Transparency Regulation on the Risk Profile

Variation of the
Volatility over time

L1

Exposure to the Migration Risk
The quantitative risk assessment
is based on
VOLATILITY MEASURES
Europe 65 & m Eurcpe 06 @m
Application to Flexible Funds Risk Assessment: Transparency Regulation on the Risk Profile 67 Application to Flexible Funds Risk Assessment: Transparency Regulation on the Risk Profile

Variation of the
Volatility over time

Exposure to the Migration Risk

L1

QUALITATIVE RISK CLASSES

Low

Medium-Low
Medium
Medium-High
High
Very High

£:3CONSOB
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Assessment and Delimitation of the Migration Risk
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Application to Flexible Funds Risk Assessment: Transparency Regulation on the Risk Profile

Assessment and Delimitation of the Migration Risk

Regulatory framework consistent with the markets

evolution and the activity of the Asset Manager

£:3CONSOB
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Application to Flexible Funds Risk Assessment: The Perspective of the Asset Manager

Evaluation and Management of the Migration Risk
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Application to Flexible Funds Risk Assessment: The Perspective of the Asset Manager
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Evaluation and Management of the Migration Risk

Position inside the Risk Class declared in the Prospectus
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement
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Mapping of the Qualitative Risk Classes

into corresponding Volatility Intervals
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 1: Definition of the Loss Intervals of the Fund

What is the Loss in a Financial Investment?
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement
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Step 1: Definition of the Loss Intervals of the Fund

What is the Loss in a Financial Investment?

RISK-NEUTRALITY PRINCIPLE

LOSS € (- 100%, /7 ]

where: 17 = average of the Probability
Distribution of the risk-free rate
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 1: Definition of the Loss Intervals of the Fund

After having selected the Probability Distribution of the 1-year risk-free rate ...

o)

_ i -
r," = average of the Probability 0 f|_l ’I_\'

Distribution of the 1-year risk-free rate
" £3C0NSOB
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 1: Definition of the Loss Intervals of the Fund |

-.. to each Qualitative Risk Class is associated the corresponding annual Loss

Interval (multiple of I‘,_\,'/ according to an exponential function) ...

LPiry")
r‘? [T —
p— 0 - . *
R=
3
k - y

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 1: Definition of the Loss Intervals of the Fund

... obtaining six initial loss intervals:
Risk Cl. Loss Intervals
) asses me ngx
low
0LI min OLI,m.qX
medium-low DL
2 i 0L2 114X
medium
()L i OL 3max
medium-high /)Ld ] ﬂLd
I 13X
high 0L5,min 0L5,1nax
very high 0L6.m'1_n 0L6 max

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement
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Step 2. Mapping of the Loss Intervals of the Fund to the
corresponding Volatility Intervals of the Fund

Loss Intervals
Risk Classes i
0iin nax
1
- oL tmin Lt
medium-low 9[.2 ) UI’Z
L0 yne
edi
B DLinu‘n OLinm\'
medium-high Ly L,
high 0L5,nuh OL.'i,um.\'
seryhigh L min L
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step2:  Mapping of the Loss Intervals of the Fund to the
corresponding Volatility Intervals of the Fund

Risk Q1 Loss Intervals
e iy L
1
- oLt in oL
medium-low GL
2o 0[’2111.1\' Py &

medium

oL ol
medium-high L, L,
high DLS,:mh 0L5,nm\'
very high OLﬁ Firti] 0Lmnmx

Europe 81 - e

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 22 Mapping of the Loss Intervals of the Fund to the
corresponding Volatility Intervals of the Fund

Loss Intervals

Risk Classes
i L
!
- oLt min L
edium- " oA
IR PSRN e o VT 7 o
et Lo PLEP. 7 4y 4 AN AN
AT oY 1 i
medium-high WL g — - T
high 9L5,m.-n 0L5,fu;u'
very high oL in may Risk 1. Volatility Intervals
S asses
Crnin G
low 08, min G, max
medium-low 0B in 0T e
medium . R
. medium -high 0 i 0T
The subscript # preceding the volatility
indicates that this is the initial interval, high 0@?‘,1111‘17 0@,111‘1_\'
i.e. before the calibration
vety high 0656
82
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals

REQUIREMENTS

.Ability to express in a robust and
significant way the risk level “typical”
of the corresponding Qualitative Class

.Stabilit over time also when the yield
y M
curve changes significantly
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3. Calibration of the Intervals |

REQUIREMENTS TOOLS

.Ab).'b'{y to express in a robust and @ GARCH Diftusive Models
significant way the risk level “typical”
of the corresponding Qualitative Class

® Stability over tirne also when the yield @ Stochastic Non-Linear
curve changes significantly Programming
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals |

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

REQUIREMENTS TOOILS

.Abilit_y to express in a robust and @ GARCH Diffissive Models
significant way the risk level “typical”
of the corresponding Qualitative Class

@ Stability over time also when the yield @ Stochastic Non-Linear
curve changes significantly Programming

Fine-tuning Intervention on the Volatility Intervals
£3CONSOB

Step 3. Calibration of the Intervals

Selection of an initial Volatility Interval

Volatility Intervals

Risk Classes

@mi @ma'x
low 0F i 0% max
medium-low 02 i 02
medium oﬁﬁ,,mh o@mu l
medium-high 0T i 0 rax I , [ 0@’ . 0@% max-l
high g 0T max
very high T Gnin 0T max
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Simulation of the Fund pattern

NAYV Stochastic Differential Equation
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Simulation of the Fund pattern

NAV S.D.E. > What Parameters?




Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Simulation of the Fund pattern

NAV S.D.E. > What Parameters?

The Drift

Risk . £3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Simulation of the Fund pattern

Risk-Neutrality

Principle

Drift = 7"/

Risk €3 CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Simulation of the Fund pattern

Robustness of the
Volatility Intervals

rf
Drift =75,

Risk . £3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

‘ Simulation of the Fund pattern

P()
i/ 98% 1%
i rf 7
1975y 999 F5 I
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Simulation of the Fund pattern

Continuous Uniform

Probability Distribution

o o
99%, rE] “in 15y

o rf
1% 75y 999,15,

Risk £3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Simulation of the Fund pattern

NAV S.D.E. > What Parameters?

The Diffusion

Risk ; €3 CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Simulation of the Fund pattern

Initial Volatility

Interval: [0 0T mas]

Representativeness of
the Volatility Intervals

£3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Simulation of the Fund pattern

Initial Volatility Symmetric Triangular
Probability Distribution
Interva]: [ﬂ@,mm 0@{,1172)\’] 2 ty
004 max "0 Oy min
Representativeness of
the Volatility Intervals
y 00-4,111i11 0T aman t0 T4 in 00'4,1““
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Simulation of the Fund pattern

Continuous Uniform
Probability Distribution NAV

Drift

ot ot
1wl s s

Symmetric Triangular
Probability Distribution

Diffusion

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Determination of the Time Series of the
Annual Volatility

&

T——

=

ki

time

” €3 CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Determination of the Time Series of the
Annual Volatility

For each trajectory

ik

" NAV .
B

time

N

—
Lo

time
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Volatility Forecast Band through

GARCH Diftusive Models

| | |
| | & |
: @fo,max, 1) ' v~ 4mayid) :
|

: 0@;4,mmr,r(3)
| |
| } 0% 4mivy2) I
L0 i | I

I I | 0 imine
| | |
| | |
L 1 1

1) 2 (3 time
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3. Calibration of the Intervals

Volatility Forecast Band through
GARCH Diftusive Models

0@ 4max

Upper Bound

Oﬁ; 4,rmin

Lower Bound

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement
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Step 3. Calibration of the Intervals

Validation of the initial Volatility Interval

[0@4'1,1111}1 Oai,max]

VS

[O@G 4,min O@G 4,ma.x']
Risk €3 CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Validation of the initial Volatility Interval

Calculus of the number of observations outside the Band
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Validation of the initial Volatility Interval

Calculus of the number of observations outside the Band

Trajectory |n.obs. € [/ o mal n. obs. < 67, n. obs. > )&% ..

Tote [Uﬁtf,rm}) 054,1)1.2)\'] Tot. < Uﬁﬂmfn Tot. > U@,Jnmr

Hp.: n. of observations of &= 250 for each trajectory

Risk €3 CONSOB




Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Validation of the initial Volatility Interval

Number of observations outside the Band in 1 year

__[Tot. > (G 1na | T [TOt. < (G 1sinl
o n*250

‘down

%250 N n%250

Risk £3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

[Tot. < (&} min |

Step 3: Calibration of the Intervals

Update of the initial Volatility Interval
Iteration of the Procedure

i w\ ] (=
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

Update of the initial Volatility Interval
Tteration of the Procedure

— —>|i Byl |

Risk £3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

Step 3 Calibration of the Intervals

End of the Procedure

[0 min 0T 4mas)
A< 5% =

Risk €3 CONSOB




Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals

Risk £3CONSOB

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3: Calibration of the Intervals

dme
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals |

For each trajectory
5 /
|

3.2

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

time

time

Risk £3CONSOB

| Step 3. Calibration of the Intervals |

For each trajectory
e/
/|

32 s %”h

31

dmc

time

e
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals |

/ For each trajectory

time

VS ' 34

[0 i 6 smar]

time

£300NSUB
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3: Calibration of the Intervals |

/ For each trajectory

time

[ pmin Ppmad

VS 34

[ imin 0 par]

time

£2300NSUB
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals |

For each trajectory
5 /
|

S

time

6 in ]

VS 34

[0 i o ma]

dime
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3. Calibration of the Intervals |

For each trajectory
e/
/|

time

(6% i ]

VS 34

[ imin o poar]

time

£23C0NSUB
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals |

/ For each trajectory

time

(6% i PP |
VS 34
[45

pmin 0P pmar]

time

£300NSUB
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3: Calibration of the Intervals |

/ For each trajectory

time

[ pmin Ppmad

VS 34

[ imin 0 par]
A<5% @

Europe G

time
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Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

| Step 3 Calibration of the Intervals |

3.2

Application to Flexible Funds Risk Assessment: Quantitative Methodology for Risk Measurement

time

[End of the Procedure
[0@1 .miu 0@ m:u']
[@4‘ A6 12 @If md,\ [D@mb m"m‘]
VS 34
[o"ﬁsx,m.a 0 ma]
A<5%
&

I'L ooe g 19

Step 3 Calibration of the Intervals

OUTPUT

Volatility Intervals
Risk Classes
G rin G rex

low 0.01% 0.49%
medium-low 0.50% 1.59%
medium 1.60% 3.99%
medium-high 4.00% 9.99%
high 10.00% 24.99%
very high 25.00% above 25.00%

Eurcpe 120




Syllabus

* Application to Flexible Funds Risk Assessment

* Key Concepts on Flexible Funds

* Transparency Regulation on the Risk Profile

* The Perspective of the Asset Manager

* Quantitative Methodology for Risk Measurement
* The Solution for the Asset Manager

* Migration and Prospectus

Europe 121

£:3CONSOB

Application to Flexible Funds Risk Assessment: The Solution for the Asset Manager

Mapping of the QualitativeRisk Classes

to corresponding Volatility Intervals

Volatility Intervals
Risk Classes
& &
Iow 0.01% 0.49%
medium-low 0.50% 1.59%
medium 1.60% 3.99%
medium-high 400% 9.99%
high 10.00% 24.99%
very high 2500%  above 25.00%
Eurcpe . 122
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Application to Flexible Funds Risk Assessment: The Solution for the Asset Manager

Mapping of the Qualitative Risk Classes

to corresponding Volatility Intervals

Volatility Intervals
Risk Classes
& &
low 0.01% 0.49%
mediumn-low 0.50% 159%
medium L60% 3.99%
medium-high 400% 2.99%
high 10.00% 24.99%
very high 2500%  above 25.00%

—~ ~
qﬁiﬂ o ~ qncx
~ ~
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Application to Flexible Funds Risk Assessment: The Solution for the Asset Manager

Mapping of the QualitativeRisk Classes

to corresponding Volatility Intervals

Volatility Intervals
Risk Classes

& &
low 0.01% 0.49%
medium-low 0.50% 1.59%
medium 1.60% 399%
medium-high 400% 9.99%
high 10.00% 24.99%
very high 2500%  above 25.00%

Y
qmn 7~
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~~
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Application to Flexible Funds Risk Assessment: The Solution for the Asset Manager

Mapping of the QualitativeRRisk Classes

to corresponding Volatility Intervals

Application to Flexible Funds Risk Assessment: The Solution for the Asset Manager

Mapping of the QualitativeRisk Classes

to corresponding Volatility Intervals

Volatility Intervals Volatility Intervals
Risk Classes Risk Classes
& & & &
low 0.01% 0.49%% Tow 0.01% 2.49%
medium-low 0.50% 1.59% medium-low 0.50% 1.59%
medium Lo0% 3.99% medinm 1.60% 3.99%
medium-high 4.00% 2.99% medium-high 4.00% 9.99%
high 10.00% 24.99% high 10.00% 24.99%
very high 25.00% above 25.00% very high 25.00% above 25.00%
gt ”~~ oY ”~~
n "
Y ~ Fan N
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Application to Flexible Funds Risk Assessment: Migration and Prospectus

When does the Migration occur?

The Migration occurs when the fund remains for a
significant period outside the qualitative class
declared in the Prospectus ...

{3 CONSOB
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Application to Flexible Funds Risk Assessment: Migration and Prospectus

High-Very High

Medium High-High
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* Empirical Evidence on the European Industry

* Preliminary Informations
* The Evolution of the Risk-Profile over titne
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Empirical Evidence on the European Industty: Preliminary Informations

UNIVERSE Toral (A) Selected (B) | Representativity (B/A)
Austria
France
Germany
Ireland
Italy

Luxembourg
Spain
UK
Total

Empirical Evidence on the European Industry: Preliminary Informations

Risk £3CONSOB

** T Plot of the Volatility Time Series for some European Flexible Funds

24 Jamuary 2006 24 April 2006 24 July 2006 24 October2006 24 Jamuary 2007 21 April 2007 24 July 2007

Et‘lgope -

24 October 2007
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Empitical Evidence on the European Industty: Preliminary Informations

LUXEMBOURG

High-VeryHighf-————— /-

MediumHigh-High

Mediu liumHigh

i i
24-Jan-2006 15-Sep-2006 07-May-2007 27-Dec-2007
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Empirical Evidence on the European Industry: Preliminary Informations
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GERMANY

High-WeryHigh [ - e e

WMediumHigh-High |- ----eooeeeeeeeeen

Medium-MediumHigh |- e

MediumLow-Medium - B T —
24-Jan-2006 15-Sep-2006 07-May-2007 27-Dec-2007
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Empirical Evidence on the European Industty: Preliminary Informations

ITALY

MediumHigh-High [---------ommeemeeeme e e ceeee

Medium-MediumHigh

MediumLove-Medium f-------neemmmsemeeene e

| i
24-Jan-2008 15-Sep-2006 07-May-2007 27-Dec-2007

£3CONSOB

Empirical Evidence on the European Industry: Preliminary Informations
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SPAIN

MediumHigh-High

Medium-MediumHigh

| |
24-Jan-2008 15-5ep-2006 07-May-2007 27-Dec-2007
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Empitical Evidence on the European Industty: Preliminary Informations

FRANCE

High-VeryHigh ! S B.A

MediumHigh-High ==

T

Medium-MediumHigh ; e

I I
24-Jan-2006 15-Sep-2006 07-May-2007 27-Dec-2007
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Empirical Evidence on the European Industry: Preliminary Informations

UNITED KINGDOM

High-VeryHigh - - - = L s i i

MediumHigh-High

Medium-MediumHigh -

i |
24-Jan-2006 15-Sep-2006 07-May-2007 27-Dec-2007
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Empirical Evidence on the European Industry: Preliminary Informations

Histogram of the Volatility Time Series of the Flexible Funds selected
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Empirical Evidence on the European Industry: Preliminary Informations

Initial Distribution of the 454 Funds between the 6 risk classes
(abs. values)

Initial Risk Class as from 1% January 2006
Country 2 3 4 5 6 TOTAL
Austria 13
France 53
Germany 45
Ireland 7

Ttaly 52
Luxembourg 153
Spain 130
UK 7
TOTAL : 454
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Empirical Evidence on the European Industry: Preliminary Informations

Initial Distribution of the 454 Funds between the 6 risk classes

(petc. values)

Initial Risk Class as from 1% January 2006
Country 2 3 4 5 ]
Austria
France
Germany
Ireland
Ttaly

Luxembourg
Spain
UK
TOTAL 04% 99% 21.4% 58.6% 9.7% 0%

TOTAL
100%

Syllabus

* Empirical Evidence on the Italian industry

* Preliminary Informations
* The Evolution of the Risk-Profile over time
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Empirical Evidence on the European Industry: The Evolution of the Risk Profile over time

MIGRATION

Medium High — High

Medium — Medium High

Medium Low — Medium | ‘

Risk Class as from the Prospectus
Risk effectively taken

143
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Empirical Evidence on the Italian Industry: The Evolution of the Risk Profile over time

Number of Migrations occurred between different risk classes
over the period 01/01/2006 — 12/31/2007 (abs. values)

Number of Migrations over the period January 2006 - December 2007
Country 0 1 2 3 4 5 Total
Austria 13
France 53
Germany 45

Ireland 1
Italy 52
Luxemboutg 153
Spain 130
UK 7
Total : 454
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Empirical Evidence on the Italian Industry: The Evolution of the Risk Profile over time

Number of Migrations occurred between different risk classes
over the period 01/01/2006 —12/31/2007 (perc. values)

Number of Migrations over the period January 2006 - December 2007

0 1 2 J 4 5 Total
100%

Risk £3CONSOB

Syllabus

Conclusions

Risk 3 CONSOB

Conclusions

v GARCH Diffusive Approach to make robust and
reliable Volatility Forecast (adaptiveness, no echoes effects)

v’ Financial Application to the Transparency regulation of
Flexible Mutual Funds

* mapping of qualitative risk classes to calibrated, increasing
and non overlapping intervals of the annualized volatility of
NAV returns

¢ usefulness of this quantitative methodology to monitor the
exposure to the migration risk and to promptly capture the
occurrence of the migrations which requires a timely update

of the Prospectus.

Risk £3CONSOB

Conclusions

v Empirical Evidence:
the phenomenon of the migration interests more
than the 60% of the universe examined

v’ Closing Recommendations:
exploring other fields of application of the
described methodology, especially to move faster
towards a really levelled playing field
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