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1. Introduction and Problem Statement

Starting Point:

Focus from practical point of view:
Asset allocation in financial institutions

Actual Situation

Recent financial market crisis:
- started out in 2007, climaxed 2008 in the bankruptcy of Lehman Brothers,
- severe downturns in major stock markets,

- Severe portfolio losses in the consequence of the financial market crisis,
due to lack of sufficient market downturn protection.

- Occurrence of extreme losses, main reasons:
Insufficient portfolio insurance against extreme events, which had not been
predicted nor protected against (concentration risk, lack of diversification, ...)

- Growing awareness of the need to adequately manage financial risks,

- Portfolio protection strategies, which secure portfolios against large losses,
while maintaining some minimum performance or upside potential, are
becoming more relevant.
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1. Introduction and Problem Statement

“The idea of not putting all your eggs in one basket is proverbially sensible. So
investment diversification, often said to be the only free lunch in finance, sounds
appealing. But in 2008, diversification seemed to fail its adherents, as asset
classes from equities to timber moved in unison and in a strictly downward
direction....” (Financial Times, May 17, 2010)

“The Californian Public Employees‘ Retirement System (Calpers) is preparing a
new asset allocation strategy after finding that its diversification efforts failed to
cushion much of the stock market’s fall...” —

Calpers faced losses of $100 billion in early 2009. (CNN Money, June 30, 2010)

Absolute return strategies, securing a minimum return over the risk less rate of
return, independently from market conditions or benchmarks, are gaining
attention and polularity...

(Financial Times Deutschland, June 15, 2010)
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1. Introduction and Problem Statement

Embedding Portfolio Optimization into a Dynamic Insurance Framework

t1 Asset Allocation:
Optimization of (strategic) asset allocation

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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1. Introduction and Problem Statement

Survey: Conceptual foundations
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1. Introduction and Problem Statement

Typical Process of Asset Allocation

asset-
class
allocation

strategic
asset allocation

benchmark

regional / sector

allocation .
tactical

asset allocation

stock picking
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1. Introduction and Problem Statement

Classical approach for the strategic asset allocati
Apply Mean-Variance-Markowitz portfolio optimization approach [Markowitz (1952)]:

on:

min

n n
2 n
Spe= Xx,COV, max . =
i=1 j=1 iz
n n n n
Me = XM%,; X F x Oid.n w.r.t.
i=1 i=1 i=1 j=1

XH

XX,COV, £s, ..

Basic assumptions:

Complete markets,

Assumption of risk-averse investor in his choice of portfolio-construction,

Normal distribution of returns,
One period model to optimize diversification,
Risk measure: Standard deviation,

Addresses optimal diversification and eliminates issuer specific risk.
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1. Introduction and Problem Statement
Issues of practical implementation
- Basic assumptions do not hold in reality,

- Choice of appropriate risk measure
- Additional institutional constraints on portfolio optimality

- Consider systematic risk of downward moving markets,

- Embed asset allocation into a multi period, dynamic process of
portfolio insurance.

- Analyze impacts of portfolio optimization and insurance on the

portfolio performance

focus of this presentation!
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1. Introduction and Problem Statement
What has been studied in literature in this context

Portfolio optimization and asset allocation:

- Traditional concepts of portfolio optimization
[Markowitz, H. (1952)]

- Use of new risk measures, which are appropriate for new asset classes,
has been suggested
[Artzner et al. (1997, 1999), Acerbi/Tasche (2002), Bertsimas et al. (2004),
Jobst/Zenios (2002), Mausser / Rosen (1999), Yoshiba / Yamahi (2002), ...]

- New approaches of portfolio optimization and allocation have been developed,
suggest use of new risk measures in the portfolio optimization.
[Rockafellar /Uryasev (2000, 2002, 2006)]

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 9



The International Summer School in Risk Measurement and Control

1. Introduction and Problem Statement

What has been studied in literature in this context

Features of Risk Measures Value at Risk and Conditional Value at Risk >

(ctd.):

VaR
VaR, (L)=inf{ZIA |P(LEz)%a }

CVaR
CVaR_(L) =E[L|L3 VaR,_(L)].

- Measures one point of the distribution, -
neglects risks beyond the a-quantile,

- VaR-function is non-subadditive, non-convex .
and may have multiple local minima,

- VaR may be a discontinuous function of -
confidence level a

- VaR-function is not coherent in the sense of .
Artzner, Delbaen, Eber and Heath,

- VaR is difficult to optimize when calculated -
using discrete scenarios.

Measures expected losses
‘beyond VaR’,

CVaR-function is subadditive,
cConvex,

CVaR is continuous function of confidence
level a

CVaR-function is coherent in the sense of
Artzner, Delbaen, Eber and Heath,

CVaR can easily be optimized,
approximation by linear optimization
problem using discrete scenarios.

[see e.g. Artzner et al. (1997, 1999), Bertsimas et al. (2004), Jobst/Zenios

(2002), Mausser / Rosen (1999), Rockafellar /Uryasev (2000

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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1. Introduction and Problem Statement

Definitions of Risk Measures Value at Risk and Cond

Notations: Let

itional Value at Risk

- X =(Xg..,X,)", vector of the exposures of the portfolio assets,
- Y =(Yy.-Y,)'s vector of the corresponding market prices,
- Define loss function: L(x,y) := E[y]'X-y'X.

A

hypothetical
illustrative
loss distribution

il

|"|||"|Iﬂ. FIPETY NPT T

Confidence level, eg. a = 99%.

Conditional Value at Risk ("CVaR")
CVaR, (x) = E[L(X,y)|L(x,y)® VaR,(L(x,y))]

A
'd ] N\

v

]
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Value at Risk ("VaR"):
a-Quantile of loss distribution,
VaR, (L(x,y))=inf { ZIA | P(L(x,y)£z)%a }.
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1. Introduction and Problem Statement

Survey: Conceptual foundations
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1. Introduction and Problem Statement

Concept of Portfolio Insurance

- Portfolio insurance strategies aim to
protect the investor against adverse
market conditions by means of financial
instruments or other measures.

- An investor without protection is fully
exposed to systematic market moves, both
up and down, while a protected investor
limits the down side on the expense a
possible limitation of the potential up side

- Dynamic asset allocation comprises
strategies that systematically adjust a -
portfolio’s asset allocation, triggered either
by changes inside the portfolio or in overall
market conditions.

Features of portfolio insurance:

- Embed the asset allocation into the
dynamic portfolio protection

- limit losses (and reduce upside potential)
- achieve more predictable returns

- large set of methods can be applied
independent of asset allocation

Sketch: Secured vs. Unsecured Portfolio Returns
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1. Introduction and Problem Statement

What has been studied in literature in this context

Portfolio Insurance Strategies:

The origins of portfolio insurance date back to 1976
(synthetic put creation, [Leland, Rubinstein (1976, 1988)],
Black and Scholes (synthetically creating insurance [Black, Scholes (1973)]).

Wide literature on the development of different concepts of portfolio protection / portfolio
insurance

- Constant Proportion Portfolio Insurance [Perold (1986), Black, Jones (1987)]
- Time Invariant Portfolio Insurance [Estep, Kritzman (1988]], ...

Impacts of portfolio protection have been analyzed in various settings,
e. g. based on historical data, Monte Carlo-Simulations.
[Perold, Sharpe (1995), Zimmerer (2006), Dersch (2008)]

Performance of different portfolio insurance strategies has been studied intensely in
literature [Annaert et al. (2009), Perold, Sharpe (1995), Uhlmann (2008), ...]

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 14
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1. Introduction and Problem Statement

What has not been studied, yet...?

- Concepts of portfolio optimization and portfolio in surance have not been linked in
this context, yet.

- Portfolio strategies (without options) suggest the shift between the risky and a riskless
asset once or dynamically in certain market conditions. Typical assumptions:

- One risky asset
- Constant mix portfolio
- Linear rebalancing

- The question “how to rebalance a portfolio at one point of time”, i. e. impacts of using
different criteria for the composition of the risky portfolio have not been closely
examined in research so far.

- The impact of portfolio optimization and using different risk measures has not been
studied in this context, yet.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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1. Introduction and Problem Statement

What is new and what is our focus and contribution?

The analysis of using new risk measures in the context of portfolio insurance is a new field
of research.

- Portfolio insurance strategies have not yet been analyzed in terms of Value at-Risk
(VaR) or Expected Shortfall (ES) / Conditional Value at Risk (CVAR)

[for an analysis in the context of Stochastic Dominance refer to Annaert et al.; the authors address the issue of
using new risk measures in portfolio insurance, they perform stochastic dominance analysis]

- VaR is suggested in the context of defining the multiplier in Constant Proportion
Portfolio Insurance (CPPI) strategies.

Our Focus:

- Consider results of discussion of use of appropriate risk measures,
- Try to transfer results on multi period portfolio management and insurance.

- Analyze the impact of using portfolio optimization approaches in the context of portfolio
insurance strategies.

- Compare the impacts of using different risk measures in the optimization problems

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 16
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2. Case Study: Survey

Questions in the focus of our study:

Step 1: Generate time series of different risky assets
- Analyze the performance of investment strategies based on portfolio optimization
- Apply different risk measures in the optimization problems (VaR, CVaR)

- Compare the performance of investment strategies based on optimized portfolios to the
performance of investment strategies based on constantly rebalanced portfolios

Step 2: Apply different portfolio insurance strategies

- Analyze the impact of applying portfolio insurance strategies
on the portfolios derived in the Step 1

- Consider typical portfolio insurance strategies
- Stop Loss,
- Constant Proportion Portfolio Insurance,
- Time Invariant Portfolio Protection.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 17
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2. Case Study: Survey

Embedding Portfolio Optimization
Into a Dynamic Insurance Framework

tl Asset Allocation:
Optimize portfolios
(based on VaR, CVaR)

Constantly balance
portfolios

— _/
v

Step 1:
Generate time series of risky

Step 2:
apply different portfolio
Insurance strategies on the
risk assets / investment
strategies derived in Step 1

assets (investment strategies)

15N

Objective: Analyze impacts of :I'

portfolio optimization and of portfolio

insurance on total performance
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2. Case Study: Survey

Investment Universe consists of two assets (indices):

- Xq: Dow Jones-UBS Commodity Index in EUR (R)

- X, Stoxx Europe 50 Index in EUR (R)

Case study is based on historical data, use time series from Jan/2/1991 to May/31/2010,
Use historical 10 day-log returns (apply holding period of 10 days)

Time Series (relative, Jan/2/1991 — May/31/2010)

— Dow Jones-UBS Commodity (R]in EUR  — STO% Europs 50in EUF (R] (asset correlation: 24%)

700.00%
B50.00%
B00.00%
550.00%
500.00%
450.00%
400.00%
350.00%
300.00%

Curmulative return

250.00%

200.00%

150.00%

100.00%

50.00%
]

0.00% &
12/31.199 12/31/1993 12/31./1995 12/3./1957 1243141933 12432001 1243142002 12/31/2005 12/31/2007 12/31/2009

Source: Cross Asset Optimizer ®, UniCredit Research, Unicredit Bank AG, Munich
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2. Case Study: Survey

Step 1: Generate different time series of portfolio s (“investment strategies”):

- Generate time series of optimized portfolio weights
- Conduct portfolio optimization every ten days (holding period 10 days),

- Apply different risk measures in the portfolio optimization
(VaR, CVaR at different confidence levels)

- Generate time series of constantly balanced portfolios for comparison:
(80%,20%), (50%, 50%), (20%,80%).

- For every time series of portfolio weights: Mark to market the portfolio daily
=> derive time series of optimized and constantly balanced portfolios

Step 2: Apply portfolio insurance strategies on the portfolios derived in Step 1

- Give an survey on portfolio insurance strategies
- Apply portfolio insurance strategies on the portfolios derived in Step 1

- Analyze the performance of the portfolios in a time period of actual financial crises
(Jan 2008 to May 2010)

- Without portfolio insurance
- With portfolio insurance strategies

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 20
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3. Case Study: Step 1

|Idea of the Step 1 of the case study (“generate investment strategies”).

( - Apply generalized Markowitz
optimization approach

- Minimize portfolio risk

- Apply different risk measures
> in the optimization

Generate time series of optimized portfolio weights

@ >®

*Constant weights | Constant weights

>
Optimization t; 10ptimization t, +Optimization t Optimization tg,

Jan/2/2008 Jan/16/2008 Jan/30/2008

May/05/2010

Generate time series of constantly rebalanced portfolio weights

| Constant weights | Constant weights (50%, 50%)

. e N { (80%, 20%)
| .
| | =" (20%, 80%) . >

For every investment strategy:
- Mark to market the portfolio daily and
- thus generate time series of the “unsecured” portfolio returns

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 21
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3. Case Study: Step 1
Description of the portfolio optimization problem in the step 1.

Notations :
Vector of decision variables: X = (X, X,)'TA 1)
Vector of random returns: y=(y,Y,) 1A ?
Loss L(x,y): L(x,y) =E]% -y X
Optimization Problem (P ): minr(x), =123 (2)
“Minimize portfolio risk r (x)” St

X, +X, =1

X,30,x,% 0

Consider 3 different cases of (P ;) w.r.t different risk measures r (x) in equation (2), i=1,2,3:

(P):ry(x) =99%-CVaR(x) r.(X)= CVaR_ (x)= ELLy)|L& y )* VaR_ (Lky )la= 99% (3)

(Pz): rZ(X) = 99%-VaR(x) r,(x)= VaR,(L(x,y))= inf{zIA |P(Lkys Da = 99% (4)

(P3): 1 5(x) = 95%-CVaR(x) r,(x)= CVaR_(x)= E[L(x,y)|L& y )® VaR_ (Lky ))]a= 95% (5)
>

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 22
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3. Case Study: Step 1

Results of optimizations:
|
| Min Risk Portfolios 95%-CVaR Date MinRisk CWYAR 99%
Min Risk Portfolios 99%-VaR églgggg; S;ggié
Min Risk Portofolios CVaR 99% T T T
DJ Comm Stoxx Europe 50 E 010-05-26 D.?BEEE
2010 05 28 BO 4745% 30 BTE2Yf = 0100695 077980
201005 14 B9 5261 % 30 A739% [ - - - m e 01004 0 77eER
2010 04 30 B9 5515% 30 4455% : zmn_ns_m 075701
2010 04 16 B9 5501 % 30 4499% ; zmu_nézn 05757
2010 04 01 59 5556 % 30 4444% ; zmn_ns_m 0 v
201003 18 B3 E555% 30 4445% ; e :
5010 03 04 E3 5490% 30 4502% Lol 20100518 0.75824
Mark to 2010-05-17 079376
2010-05-14 0.80140
market 2010-05-13 0.61763
daily I I
2008-01-09 100024
2008 02 27 75 1843% 24 5167 % 2005-01-08 1.00375
2008 02 13 75 1792% 24 82068% 2005-01-07 0.92035
2008 01 30 75 16848% 24 8152%| [ 2005-01-04 0.92416
2005 01 16 71 35960% 28 G020% — 2008-01-03 1.00569
2008 01 02 B9 9776% B0 02245~ T » | 2005-01-02 1.00000
| [
Time series of
investment strategies

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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3. Case Study: Step 1

Results of balanced portfolios:
|
| Balanced 80% 20% Date Balanced 20 &0
Balanced 50% 50% 2010-05-31 0.74952
--» 20100528 0.74755
Balanced 20% 80% DJ Comm | Stoxx Europe 50 \ 2010-05-27 0.75220
2010 05 28 20,0000% 80,0000% ! 0100525 073154
2010 05 14 20,0000% T '
2010 04 30 20,0000% B0, 0000%|f--F-1-==--==-====--m---m--------a gglg'gg'gi g;;ggi
2010 04 16 20,0000% 80,0000% ! ety :
2010 04 01 20,0000% 50,0000% g 2010-05-21 0.72567
201003 18 20,0000% 50,0000% ! 2010-05-20 0.73198
' 2010-05-19 0.74363
| 2010-05-18 0.76217
Mark to : 2010-05-17 0.75332
market --»  2010-05-14 0.75515
daily 2010-05-13 0.77983
2003-01-09 0.93905
2008 03 12 20,0000% 80,0000% 2008-01-08 0.95710
2005 02 27 20,0000 % 50,0000 % 008-01-07 095917
2008 02 13 20,0000% B0,0000%| | | S008-01-04 092739
2003 01 30 20,0000% 80,0000% o
2008 01 16 20,0000% 80,0000%— gggg g:: gg ::'ggégg
2003 01 02 20,0000% 80,0000%f------==---mmmm e > el :
| [
Time series of
investment strategies
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3. Case Study: Step 1

Results step 1: Time series of optimized portfolios

Unsecured Portfolios
(Time Series: January 2008 - May 2010)
120,00%
—— Eurostoxx
— DJ Comm
—— MinRisk VVaR 99%
m —— MinRisk CVAR 99%
—— Min Risk CVAR 95%
100,00% e A\Uf‘k\fﬂi . m}ﬂ
<
=
[+ E)
% 80,00% A.’\MVM I ‘."M
£ M
=
o j
ﬂ\\ fJIl“ |
[
0 ! J)\ L,
60,00% a VW‘\] 1¥
40,00% T T T T T T T T
02.01.08 11.04.08 20.07.08 28.10.08 05.02.09 16.05.09 24.08.09 02.12.09 12.03.10
Trading Day
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3. Case Study: Step 1
Results step 1: Time series of constantly balanced portfolios

Unsecured Portfolios
(Time Series: January 2008 - May 2010)
120,00%
— Eurostomx
— D Comm
Balanced 80 20
— Balanced 50 50
— Balanced 20 80
100,00% 4
3
=
L1 ]
o
S 80,00%
£
£
@
o
B0, 00%
4[:],[:][:]0."{':! T T T T T T T T
020108 11.04 08 200708 231008 05.02.09 16.0509 240809 021209 120310
Trading Day
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3. Case Study: Step 1
Compare time series of optimized and constantly bal anced portfolios

Unsecured Portfolios
(Time Series: January 2008 - May 2010)

120.00% Portfolio Portfolio
Unsecured |Start-Value | End-Value P&L
ChiaR 999% 100.00% 79.32% | -20.68%

War H9% 100 00 % 82.87%| -17.13%

100.00% AN CvaR 55% 00.00%|  79.00%| 21.00%

Balanced 50 50 100.00% FE73% ] 2%

Balanced 20 80 100.00% F4.95%] -25.05%

80.00%

Pl
I“J \LNN W Balanced 80 20 100.00% F9.B5% | -Z20.35%
h\n\
[

Performance (in %)

i
60.00% ”I’WL /\\::\W,Wm

.}V'I
T

—— MinRisk VAR 99% B
MinRisk CVAR 99%

—— Min Risk CVAR 95%
Balanced 80 20

—— Balanced 20 80

4000% T T T T T T T T
2-Jan-08 11-Apr-08 20-Jul-08 28-Oct-08 5-Feb-09 16-May-09 24-Aug-09 2-Dec-09 12-Mar-10
Trading Day
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")

(= — === == = = = — - DY
Stoxx IMinRisk MinRisk Min Risk Balanced |[Balanced |Balanced
DJ Comm |Europe ICVAR 99% (VAR 99% CVAR 95% 180 20 50 50 20 80
Unsecured [
Pl K 14 418% 12,710% 12,384 % 12 518% 12 445% 13,112% 11,116% 10,451 %
BAIM -15,628% -26169% -17 B53% 17 377 -7, 390% -16,298% -19 928% -23 Bd2%
MEAN -0,372% 0,521% -0,3858% -0,319% -0,395% -0,353% -0,416% 0,47 2%
03% CWAR -10,230% -12,795% -9 096% -9 024 % -9 055% -9 ,302% -9 323% 11,154 %
0% CWAR -0 226% -11 120% -8,299% -8 ,209% -8,294% -8,455% -8,295% SO F44%
RORALC 93% CWAR J641% 4 071% 4 b4 % 3535% 4 342% 4 114% 4 465 % 4 229%
RORALC 90% CWAR 4 037 % 4 FB5% 4 B 3% 3 B85% 4 757 % 4 525% 5 018% 4 B42%
We compare risk return ratios at lower confidence
level (which was not used as optimization criterion)
*) Risk Adjusted Return on Capital (RORAC) := Exp. Return / Risk Measure
28

3. Case Study: Step 1
Results step 1: Time Series of unsecured portfolios

Comparison:

Risk return ratios of the investment strategies, i. e. of

optimized and the constantly balanced portfolios:

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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3. Case Study: Step 1
Results step 1: Time Series of unsecured portfolios

Observations:
The risk-minimizing investment strategies

- yield better total P&L than constantly balanced portfolios
(except (80%,20%)-balanced portfolio outperforms 95%- and 99%-CVaR-optimized portfolio)

- yield lower risk ratios (90% and 93% CVaR) than investment strategies of constant
balanced portfolios.

- yield lower maximum loss and better mean and maximum return w. r. t. (50%,50%)-
and (20%,80%)-balanced portfolio.

- Investment strategy of constant mixed portfolio may outperform optimized portfolios,
the (80%, 20%)-weighted portfolio yields higher mean and maximum return and lower
risk than the optimized portfolios.

- Investment strategies of 99% and 95%-CVaR-minimized portfolios almost yield identical
performance path,

- Minimal differences in performance of CVaR and VaR-minimized investment strategies:
- slightly higher performance of CVaR-minimized portfolios in downward markets,

- better performance of VaR-minimized portfolio in upward market;

refer to previous results on performance analysis of optimized portfolios
[e. g. Jobst, N., Zenios, St. (2002), Mausser, Rosen (1999)]

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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3. Case Study: Step 1

Results step 1: Frequency Distributions of unsecure

d portfolios

Frequency Distributions: Unsecured Portfolios
80
70
60
50
W
2
[+
-
S 40
o — Stowx Europe
i 30 DJ Comm L
Balanced 80 20
— Balanced 50 50
20 — Balanced 20 80
MinRisk VAR 99%
10 MinRisk CVAR 99% |—
— Min Risk CVAR 95%
D T T T T T T T T T T
22000%  -1500% -10,00%  -500%  000%  500% 1000% 1500% 2000% 2500% 3000% 3500%
10 Day- Returns

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

30



The International Summer School in Risk Measurement and Control

4. Case Study — Step 2
Set Up

Case study

Step 2:

- Objectives:

- Apply different portfolio insurance strategies to the different
Investment strategies

- Analyze performance and risk return ratios of portfolio selections

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2

2. Fundamentals of Portfolio Insurance

Survey: Portfolio insurance strategies

Static Strategies

Dynamic Strategies

Buy and hold,
Stop Loss,
Protective Put,
Bond Call, ...

Dynamic Stop Loss, Synthetic Put

Constant Horizon Portfolio Insurance (CHPI),
Constant Proportion Portfolio Insurance (CPPI),
Time Invariant Portfolio Protection (TIPP), ...

Portfolio insurance using options

portfolio insurance strategies without options

Protective Put, Short Future
Bull Spread, ..

Buy and Hold, Stop Loss, Bond floor
Plain vanilla CPPI, TIPP, ...

Our focus:
- Stop Loss Strategy,

A

- Constant Proportion Portfolio Insurance (CPPI), |
- Time Invariant Portfolio Protection (TIPP).

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2

Application of Portfolio Insurance Strategies

Step 2:

- Apply different portfolio insurance strategies
to the different investment strategies,

- Analyze performance and risk return ratios of portfolio selections

Insurance Strategy:

Parameterization:

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

Investment Strategy: Stop CPPI | TIPP
Loss

Minimum Risk Portfolios: Strategy Start Jan 2, 2003
99% CVaR — MinRisk Portfolio, y y y strategy End May 31, 2010
95% CVaR — MinRisk Portfolio, y y y ultipler 500
99% VaR — MinRisk Portfolio y y y T E— 100,00
Balanced Portfolios: floor percentage 80 ,00%,
80% DJ Comm, 20% Stoxx Europe | y y flaor SUi
50% DJ Comm, 50% Stoxx Europe y y y nisk free rate 150%
20% DJ Comm, 80% Stoxx Europe y y y T ST -
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Stop-loss-Strategy — Definition:
Investment in risky asset as long as the current value of the portfolio is greater or equal
the discounted floor. The strategy requires to liquidate positions if current value PV(t)
reaches given floor N. We distinguish between:

- Instantaneous Stop-loss level: PV(t)2 N
- Stop-loss at investment horizon: PV(t)® exp[—r; (H-1t)] * N

Features

- Simplest insurance strategy,

- Stop-loss is not really dynamic requires at most one rebalancing (liquidation),
- path dependence, no upside potential if floor is reached,

- Stop-loss bears gap-risk,

- Stop-loss behaves like buy and hold, if threshold is not reached.

Notations:  Current Portfolio Value PV(t)
Initial investment: N,
End of investment horizon: H (in years)
protection level (“floor”): minimum target level N
risk less investment earns risk less rate: I

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 34



The International Summer School in Risk Measurement and Control

4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Stop Loss Strategy
(Risky Asset = Risk Minimum FPortfolio (89% CVaR), January 2003 - May 2010)

120,00
100,00 - .JP."'. m
W
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;\? 1
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@
0
S 60,00
E
7
o 40,00 4 R N e a1 R R
Cict, 10 F 2008 , ,
risk free investment
T —target level
ST BURRREEEEENNNRCNIEEEERIGECNINCCEEEEEEEEEEEEEREIGEEEREMN _Unaecured pl:]rtfl:]llo 111
— portfolio value FV(t)
D,DD T T T T T T T
2-dan-08 2-May-08 2-Zep-08 Z-Jan-049 2-May-09 2-5ep-09 2-Jan-10 2-May-10

Trading Day
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Stop Loss Strategy
(Rislky Asset = Risk Minimum Portfolio (99% VaR), January 2008 - May 2010)

120,00

Stop loss does
not capture

upside potential!
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Stop Loss Strategy
(Risky Asset = Risk Minimum Portfolio (95% CVaR), January 2008 - May 2010}

120,00
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@
[ ]
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E
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risk free investment
—target level
EDIDD """""""""""""""""""""""""""""" —L,IFISBCL,I['BCI porthllO 111
— portfolio value PYWI(t)
D,DD T T T T T T T
2-Jan-08 2-May-08 2-Sep-08 Z2-Jan-09 2-May-09 2-Sep-09 Z-Jan-10 2-May-10

Trading Day
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Stop Loss Strategy
(Rislky Asset = Balanced Portfolio (20% DJ Comm, 80% Eurostoxd, January 2008 - May 2010)
120,00
100,00
9 80,00
=
1]
Q
S 6000
E
% Shift into risk less asset:
@ ap00 +— Sep. 1612008 [ LN AR NN RN RN RN RIRARARe
risk free investment
—target level
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Trading Day
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Stop Loss Strategy
(Risky Asset = Balanced Fortfolio [20% DJ Comm, 20% Eurostoxed, January 2008 - May 2010)
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4. Case Study — Step 2

Application of Portfolio Insurance Strategies

120,00

Stop Loss Strategy

(Risky Asset = Balanced Portfolio (80% DJ Comm, 20% Eurostosed, January 2008 - May 2010)
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4. Case Study —

Step 2

Application of Portfolio Insurance Strategies

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

Stop Loss Strategies - Summary
(Time series January 2008 - May 2010)
120.00 |
Portfolio Porifolio Hit floor
Stop Loss Start-Value | End Value P&L level
ChalR 99% 100,00 20,00 -20,00% |Oct 10/ 2003
M ar 99% 100,00 a0,00 -20,00% |Oct 10 7 2008
m Ny ChaR 95% 100,00 80,00 -20,00% |Oct 10 7 20038
100.00 =
WU Balanced 80 20 100,00 80,00 -20,00% |Oct 107 2003
- Balanced 50 50 100,00 20,00 -20,00% |Oct 03 7 2003
E: Balanced 20 80 100,00 a0,00 -20,00% |Sep 16 /2008
@
[
S 80.00
£
Q
't
a
Balanced 80 20
—— Balanced 50 50
60.00 Balanced 2080 —
VaR 99%
CVAR 95%
— CVaR 99%
— Floor
40.00 | | . | . | .
2-Jan-08 1-May-08 29-Aug-08 27-Dec-08 26-Apr-09 24-Aug-09 22-Dec-09 21-Apr-10
Trading Day
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4. Case Study — Step 2

Application of Portfolio Insurance Strategies

@
=1

Frequency Distributions: Unsecured Portfolios

—
o

b

)

Unsecured Portfolios
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Comparison of total P & L

The International Summer School in Risk Measurement and Control

MinRisk MinRisk Min Risk Balanced Balanced Balanced

CVAR 99% |VAR 99% CVAR 95% |80 20 50 50 20 80
nzecured -20 67E% -17.126% -20.997% -20.347% -22.212% -25 045%
=top Loss -20.000% -20.000% -20.000% -20.000% -20.000% -20.000%

Observations
- Ildentical P&L of all investment strategies under stop loss (-20%),
- Upside potential of market recovery is not captured by stop loss strategy.

- Investment strategies of all risk minimum strategies
(99%-CVaR, 99% VaR, 95% CVaR) hit the floor level on Oct. 10, 2008,
the balanced portfolio strategies (20%/80% and 50%/50%) before.

Comparison of “unsecured” investment strategies and
Investment strategies under stop loss protection

- Maximum losses and maximum gains are reduced by portfolio insurance,

- Mean returns and risk measures are decreased under stop loss,
the risk adjusted returns (RORAC) are increased.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

CPPI (“Plain-Vanilla CPPI")

- Constant Proportion Portfolio Insurance has been developed:
Perold (1986) and Black and Jones (1987).

- It comprises a set of trading rules, which systematically shift funds between a
risky asset and a risk-free asset in order to guarantee the desired floor while
preserving the upside potential of a portfolio.

“ The strategy tells the investor when it is time to trade, how much to

trade, and how that trade affects the performance of his strategy.”
(Black / Jones, p. 48).

Basic ldea

- CPPIl is a dynamic strategy. It assumes that a total loss of the risky asses is
very unlikely.

- CPPI accepts that the risky asset may loose some value. The portfolio value
may drop by “1/M” within the liquidation period without missing the target
level. M is also called the multiplier.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 44
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Determinants of the CPPI strategy:
- Floor (F(t)):
Minimum portfolio value, which is to be maintained over the entire investment horizon.

It grows at the riskless rate. It corresponds to the discounted minimum target level:
F(t) = N * exp[— r;*(H —1)].

- Cushion (C(t)):
The cushion is calculated as the difference between the current portfolio value PV(t) and
the floor.

Portfolio actual portfolio value

- Exposure (E(t)): value
The exposure represents the
portion of the portfolio allocated to the
risky asset.

- Multiplier (M): discounted floor
The multiplier takes on values larger
than 1 and determines the riskiness of
the CPPI strategy.

anfeA pua o1joj1I0d

time
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Plain-Vanilla CPPI (algorithm)
~ - Select start parameter: N, N, H, r;, M and rebalancing period t

ﬂ Portfolio actual portfolio value

2. Calculate current risk budget C(t) according to: vee
C(t) = PV(t) - N * exp[- rf *(H — t)],
- _

~
floor discounted floor

an[eA pus oljojiod

<

- Calculate exposure E(t)
to the risky asset according to: E(t) = M * C(t);

1 <:|

If E(t) is positive, then invest E(t) into the risky asset and the remaining amount in the
risk less asset

Wait until time t has passed and go back to step 2

o ' =

Repeat above steps until the end of the analysis horizon T.

If C(t) is zero, liquidate the risky investment and invest in the risk less portfolio until the
end of the investment horizon. In that case only the minimum target level is reached. In
case C(t) falls below zero the minimum target level is missed (gap risk of CPPI).
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4. Case Study — Step 2

Application of Portfolio Insurance Strategies

Plain vanilla CPPI. Example

- investment:
EUR 100

- Investment universe:
DAX performance

- Investment horizon:

floor at start of strategy:
cushion (risk budget):

initial risky investment:
5* EUR 14

EUR 100 - EUR 70

initial risk less investment:

= EUR 86
=EUR 14

=EUR 70

= EUR 30

S years,
-t
1 month
- minimum target level:
100 % (capital protection)
- risk free rate:
3 %
- multiplier:
M=5

multiplier

*5

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Plain vanilla CPPI: Example (ctd.)

after t =1 month:
Dax —10 %
\Total value: EUR 93

®

multiplier

*5

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

49




The International Summer School in Risk Measurement and Control

4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

CPPI does not
capture upside
potential!

(

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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Dr. U

4. Case Study — Step 2
Application of Portfolio Insurance Strategies

r'Sula | heller, RISK Iraining, Rome, July 5, 2010

55




The International Summer School in Risk Measurement and Control

4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Comparison of total P & L

Observations
- ldentical P&L of all investment strategies under CPPI (-20%),
- Upside potential of market recovery is not captured by CPPI.

- Investment strategies of all risk minimum strategies
(99%-CVaR, 99% VaR, 95% CVaR) hit the floor level on Oct. 14, 2008,
the balanced portfolio strategies (20%/80% and 50%/50%) before.

Comparison of Stop Loss and CPPI strategies

- ldentical total P & L of Stop Loss and CPPI,

- Risk measures (90%- and 93%-CVaR) are reduced under CPPI,

- Similar mean returns and increased risk adjusted returns (RORACQC),
Features of CPPI

- insures floor performance, but bears gap-risk.

- does not capture upside potential in recovering markets,

- does not protect gains,

- path dependence, no upside potential if floor is reached.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Time Invariant Portfolio Protection (TIPP)

has been first suggested in 1988 by Estep and Kritzman
[Estep, Kritzman (1988)]

Concept of TIPP
- The portfolio can never decline below a pre-set floor,

- The floor is adjusted continuously to be a specified percentage of the highest value the
portfolio reaches,

- Protection is continuous and has no ending date.

Characteristics of TIPP

- Simple modification of the CPPI strategy,
(=>setr; = 0 and very large investment horizon (T ) in CPPI),

- Floor level is not constant, but is permanently re-adjusted
as a specified percentage of the highest value the portfolio has reached so far.

- In practice, typically at specified cut off dates (e.g. monthly) portfolio valuation is
conducted to determine, if the floor needs to be adjusted.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

TIPP (algorithm)

» 1. Value the portfolio

2. Multiply the portfolio’s value by the floor
percentage

3. If the result of step 2 is greater than the previous
floor,
then this result becomes the new floor,
ﬂ otherwise, keep the old floor.

4. Subtract the floor from the portfolio value.

5. Multiply the result of step 4 by the multiplier.

6. Buy or sell the risky asset
until the value of the risky asset equals the result
of step 5,
invest the rest, if any, riskless.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

TIPP captures
upside potential!

=

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

63



The International Summer School in Risk Measurement and Control

4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies
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4. Case Study — Step 2
Application of Portfolio Insurance Strategies

Comparison of total P & L

Observations
- Improvement on total P &L against other strategies and the unsecured portfolio

- TIPP captures gain potential in recovering markets
Comparison of CPPI and TIPP strategies

- TIPP yields better total P&L,
- We observe higher maximum and mean returns, lower maximum losses of TIPP,

- Risk measures (90%- and 93%-CVaR) are reduced under TIPP,

Features of TIPP

- Insures floor performance recover potential from a severe draw-down
- Limited gain potential in upward moving markets

- path dependence, bears gap-risk,

- insures floor performance,

- protects gains.
Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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5. Summary and Conclusion

Summary of observations: Results of the Step 1

Comparison of the performance of ,,optimized” versus N
,balanced" investment strategies

- The optimized portfolios yield lower risk ratios and higher il
performance than balanced portfolios (in the case of -« lustrates
50%/50% and 20%/80% balanced portfolios) results from research.

- By chance, a constantly balanced portfolio may dominate
optimized portfolios (but you don‘t know which on ex ante ...)

- However, portfolio optimization could not prevent severe ... proves observed
downturns of portfolio value in times of financial crises

=> no protection against systematic risk, no matter of choice | shortcoming

of risk measure in optimization! of classical
optimization
, . approaches. p

Comparison of performance of VaR- and CVaR-optimized J

investment strategies: R
- Almost identical performance of CVaR- and VaR-minimized ... was not expected,

strategies in falling markets; CVaR-minimized portfolios yield to some extent

more stable performance only to a very small degree > contradicts existing
- VaR-optimized portfolio yields better performance in upward results from literature.

moving market
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5. Summary and Conclusion

Summary of observations: Results of the Step 2
Comparison of the different protection strategies

- TIPP yields best performance results in the special market situation under
consideration (market downturn, followed by period of market recovery)

- TIPP shows advantage of gaining upside potential after drawdowns.

- CPPI and Stop Loss yield portfolio protection and secure the floor defined
initially.

Comparison of insured and unsecured strategies

- Allinsurance strategies protect the investment strategies against
systematic market downturns.

- Upside market potential is not captured by all strategies (the VaR-
minimizing strategy yields better performance in the unsecured case than
under Stop Loss and CPPI.)

- In the market situation under consideration the effects of portfolio
protection dominate effects of choosing different investment strategies

- Portfolio insurance has larger impact on performanc e
than portfolio optimization and choice of risk meas ure.

- Limit downside risk by appropriate insurance strate gies!

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

S

J

...llustrates
expected
results

...lllustrates
expected
results

... one major p
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5. Summary and Conclusion

Summary of observations: Results of the Step 2

Comparison of the different investment strategies
(“risk minimizing” vs. “constantly balancing”) in t he Step 2:

- Under Stop Loss and CPPI the floor level is hit by all investment
strategies, and all strategies end up with a cash position at the
floor level => no differences.

- Depending on the percentage of the risky portfolio in the

protection strategy, the observations of the performance of the
investment strategies of the step 1 extend to the step 2

- Balanced (80%,20%)-strategy yields best P&L under the TIPP

Insurance.

- Effects of applying portfolio insurance dominate the effects of ... one major
choosing different investment strategies (“balancing or question p
optimizing”).

( N

Total P&L

. J

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010
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5. Summary and Conclusion

Summary of observations: Results of the Step 2

Comparison of using different risk measures in the optimization
problems
(VaR vs. CVaR) in the Step 2:

- Observations of the Step 1 extend to the Step 2,

- The impacts of choosing different risk measures (VaR or CVaR) in h
the portfolio optimization on the total performance of the protection _
strategies are low, . contradicts

results from

- VaR-minimizing strategy dominates CVaR-minimizing strategies literature
(TIPP).
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5. Summary and Conclusion

Summary of observations: Results for the risk minimizing investment strategies

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

Comparison of different

risk measures in the risk-
minimizing investment
strategies

If strategy is invested in the
risky asset, the VaR-
minimizing strategy yields
best total P&L
VaR-minimizing strategy
yields lowest risk ratios
(90% and 93% CVaR) and
highest mean returns.
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5. Summary and Conclusion

Summary of main observations
Step 1

- Optimized portfolios yield better performance than constantly balanced
portfolios,

- CVaR optimized portfolios tend a little bit more stable than VaR optimized
portfolios in downward market movements,

- VaR optimized portfolios yield better performance in recovering markets,
- Investment strategy of balanced portfolio may be the better choice by luck!

Step 2

- No significant performance variations in the different investment strategies
(due to high percentage of cash / low percentage of risky asset)

- Impact of portfolio insurance dominates impact of choice of investment
strategy and risk measures in optimization

- Insurance strategies limit downside risk of systematic market downturns,

- Tipp proves the superior strategy, captures upside potential in recovering
markets.

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 4
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5. Summary and Conclusion

Conclusions:

- Investment strategies of optimized portfolios by trend yield better performance and
lower risk than investment strategies of constantly mixed portfolios.

- By chance constantly balanced portfolios still may outperform optimized portfolios
(but you never know in advance which will perform best...)

In times of financial crises...

- All investment strategies (even strategies based on optimized portfolios),
face drastic downturn in times of market crashes,

- The systematic market risk is not eliminated.
- High losses can be avoided by implementing appropriate portfolio insurance strategies.

- In the situation of market downturns the effects of appropriate portfolio insurance clearly
dominate

- effects of portfolio optimization on the portfolio performance,
- and the choice of appropriate risk measures in portfolio optimization.

- Implications for portfolio management: In times of financial crises ...

- limit downside risk by appropriate portfolio insurance strategies
and

- don’t worry too much about portfolio optimization and the choice of risk measures.
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5. Summary and Conclusion

Our contribution

We embedded one period portfolio optimization in a multi period
framework of dynamic portfolio insurance,

analyzed the impacts of portfolio optimization and insurance on
performance of investment strategies,

derived prove of efficient portfolio protection in times of financial crises.

Further research is needed to

put case study into wider context,
consider further investment / rebalancing strategies and protection strategies,

deduce more general statements
(e. g. examine different market conditions, use MC simulation),

enlarge context of theoretical foundations,
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Thank you for your attention!

contact:

Dr. Ursula Theiler

Risk Training

Leite 37

D-14532 Kleinmachnow
Tel.: +49 (0)170 3113101

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010

e-mail:theiler@risk-training.org

http://www.ursula-theiler.de
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1. Introduction and Problem Statement

Definitions of Risk Measures Value at Risk and Cond itional Value at Risk
Notations: Let

- X =(Xg..,X,)", vector of the exposures of the portfolio assets,

- Y =(Yy.-Y,)'s vector of the corresponding market prices,

- Define loss function: L(x,y) := E[y]'X-y'X.

1 hypothetical Confidence level, eg. a = 99%.
illustrative

loss distribution

Conditional Value at Risk ("CVaR")
CVaR, (x) = E[L(X,y)|L(x,y)® VaR,(L(x,y))]

A
' N\

| | -

Value at Risk ("VaR"):
5 a-Quantile of loss distribution,
VaR_ (L(x,y))=inf{ zIA | P(L(x,y)£z)%a }.
a
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2. Optimization Problem Formulation

Optimization Problem: (u,CVaR)-Optimization

Objective Function

n L(X’yk)
max U(xX)=p'x = WX, ®
j=1 a ~—(J — L

Risk Constraint (#1) )lzl_o(tftionsxz y
=(Xg-- X,

vector of asset exposures,
decision variables,

1K
-z fconCap,

i + — )
0 g La) Ko T (TR
Vector of the expected returns

(i) L(X,y,)- 0E z k= 1...K of single assets,
y:(y]_’""yn)’
(i) -z £ 0k=1..K, Vector of market prices,

- Vi Yk
(iv) qlA. Sample of the market prices,

L(X,y)=E[y]'x-y'x,
Portfolio loss function,

Econ Cap
Maximal amount of economic
capital.

Optimization Algorithm by Rockafellar/Uryasev

<

Dr. Ursula Theiler, Risk Training, Rome, July 5, 2010 80




