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Mean Variance Models




An application: the foreign exchange market

» 9 currency pairs (developed markets)

1 month rolling investment horizon

» Expected return = 1 month carry (deposit rate)

250 days rolling Var/Cov matrix

» Maximize expected return with the followin constraints:

- Expected Volatility <= 5% annualized
- Max Absolute weight for each currency: 100%




An academic exercise? Barclays ICI Index

GRAB

EXIICIEL Index 05 Save As 06 Actions- 9D Edit - 98 Table Line Chart
g 1171072014 (Mid Line  |efline  |a 1) Compare Mov. Avos [T (ST L

I 30 1M &M YTD 1¥ 5Y HMax |Daily ¥ * & Security/Study w Event £

Bhdio HEE
l___ TR R Bl

/
i %'W'\

\

i’ i
.

Australio 61 2 9777 8600 Brazil S511 2048 4500 Europe 44 20 7330 7500 Germany 49 69 9204 1210 Hong Kong 852 2977 6000
Jopon 21 3 3201 8500 Singopore &5 6212 1000 u.5. 1 212 318 2000 Copyright 2014 Bloomkerg Finonce L.P.
SH 840664 H466-1201—3 10-Mow—-14 12:03:29 CET GMT+1:00

Source Bloomberg: Barclays Intelligent Carry EUR Index




1 month interest rate differential
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Correlation matrix as of October 2013

EURUSD EURJPY EURGBP EURCHF EURAUD EURNZD EURCAD EURNOK EURSEK
EURUSD 49% 0% 38%
EURJPY 49% 45% 43%
EURGBP 32% 41%
EURCHF
EURAUD
EURNZD
EURCAD
EURNOK
EURSEK




Portfolio Weights as of November 2005
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Contribution to risk as of November 2005
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Asset Allocation
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A few pitfalls

 Risk is modeled according to historical behavior

* [t takes time to accomodate shocks in the covariance matrix. Moreover, we
are asssuming that it is stable during the period, but unfortunately it is not

» Ex post volaility is slightly higher than the ex ante one and exhibits
disturbing spikes

*Risk perception is not symmetric: it is highly influenced by the “first move”
and by cumulated performance

* Returns distribution does not appear to be a normal one

*Leverage can be an issue as the 2008 financial crisis showed
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12 month rolling correlation — EurChf and EurNok
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Ex post volatility
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Realized returns distribution
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Performance looks (or looked) nice...

e P + cash
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..but can be a nightmare if you choose the wrong timing!
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NAV

Cash

- ¥10¢/L0/L0
- ¥102/€0/.0
- €10¢/1T/L0
- €10¢/L0/L0
- €10¢/€0/L0
- ¢T0C/TT/L0
- ¢10¢/L0/L0
- ¢10¢/€0/L0
- TT0¢/TT/L0
- T10¢/L0/L0
- TT0C/€0/L0
- 0TOC/TT/L0
- 070¢/L0/.0
- 0T0¢Z/€0/L0
- 600¢/1T/L0
- 600¢/L0/L0
- 600¢/€0/L0
- 800¢/TT/L0
- 800¢/20/.0
- 800¢/€0/L0
- L00¢/TT/L0
- ,00¢/L0/L0

250.00

230.00 -

210.00

190.00

170.00

150.00

130.00

110.00

£00¢/€0/L0

90.00

17




Leverage
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How is leverage financed?

e EURJPY

e EURCHF
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Mean Variance — a recap

* Input: expected returns, expected risks and correlations
* Optimize and create an efficient frontier
* Pick up the efficient portfolio which suits any given investor risk appetite

Easy but...

* Portfolios are often highly concentrated and unintuitive

* It is tempting to impose constraints up to the point of making the exercise
meaningless

* Portfolios can be unstable with a slight change in the assumptions

* Where do | get the expected returns and the risk numbers?
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What’s next?
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Global ETF industry evolution

Assets by region

3,000
2,500
2,000
E
g
=]
o 1,500
1,000
500
[] L
2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 |2014*#
Asia Pacific ($) 348 | 3990 | 428 | 484 | 603 | 531 | 651 | 849 | 907 | 1352 | 1686 | 1939
B Europe ($) 205 | 323 | 500 | 894 | 127.1 | 137.7 | 2269 | 2836 | 270.1 | 334.2 | 395.1 | 448.1
- US (S 1441 | 217.4 | 2020 | 4045 5488 | 516.3 | 706.3 | 893.3 | 939.3 [1,214.2(1,614.4/1,801.2
US, Europe & Asia Pacific (§)| 199.5 | 289.7 | 384.8 | 542.3 | 736.2 | 707.2 | 998.4 |1,261.8|1,300.1|1,683.6(2,178.0/2,443.2
Europe (€) 163 | 238 | 422 | 678 | 869 | 99.1 | 1582 | 211.4 | 208.1 | 2535 | 286.7 | 346.4
~— Number of ETFs* 257 | 310 | 415 | 677 | 1,116 | 1,483 | 1,804 | 2,243 | 2,714 | 2,981 | 3,185 | 3,387

Source: European Weekly ETF market Review, Deutsche Bank, 16 September 2014
*Number of ETPs at the end of the year is net of delistings for the period

**As of 12° September 2014
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European ETF industry evolution

ETF assets by asset class

00,000 [ === === == === === == e e e e
350,000
300,000
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£
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O o003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014**
B Other - - - - %6 168 | 1.078 | 1995 | 1549 | 1.620 | 1.516 | 1.502
Commeodity - - 340 | 1.402 | 2.314 | 3591 | 10570 | 19.310 | 23057 | 26,152 | 14512 | 14,673
W Fixed Income 801 | 2034 4002 | 9370 | 13743 | 29857 | 35915 | 42538 43725 | 54193 | 60445 | 78246
I E ity 15,532 | 21,815 | 37,907 | 57,029 | 70,776 | 65473 | 110,599 | 147,534 | 139,723 | 171,522 | 210,235 | 251,957
Total 16.332 | 23849 42249 | 67.801 | 85930 | 99.089 | 158,162 | 211.376 208,054 253487 | 286.708 | 346,378
= Number of ETFs*| 100 114 163 267 119 615 g20 | 1082 | 1228 | 1327 | 1352 | 1.3%

Source: European Weekly ETF market Review, Deutsche Bank, 16 September 2014

*Number of ETPs at the end of the year is net of delistings for the period

**As of 12° September 2014

1,600
1,400
1,200

1,000

Murmber of ETFs

23



Mean Variance — again

« CAPM =» return is a linear function of beta (risk)
* The more risk | am willing to take, the higher return | will get

* (Un)fortunately it has been studied that portfolios of low volatility stocks
tend to produce higher returns than portfolios of high risk stocks

 Similar results have been observed in the high yield market
* It seems that investors sistematically misprice risks...

« ...and this means that there is money waiting to be picked up
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The low volatility anomaly

» Monthly stock returns (1968-2005)

» Separate stocks in quintiles for each month, based on their previous
five year volatility

« Build five portfolios and rebalance them every month

Monthly Average
Standard Deviation Monthly Return

A. Volatility during NBER contractions (70 months)

Quintile 1 (low volatility) 5.2% 0.5%
Quintile 2 6.2 0.0
Quintile 3 7.9 0.2
Quintile 4 9.2 0.1
Quintile 5 (high volatility) 11.7 -0.4
B. Volatility during NBER expansions (386 months)

Quintile 1 (low volatility) 3.4% 1.1%
Quintile 2 4.2 1.2
Quintile 3 52 1.3
Quintile 4 6.6 1.2

Quintile 5 (high volatility) 8.2 1.0




Example portfolio: low risk Asia-Pacific

Context

« Institutional client looking for Investment Idea related to Asia Pac AC ex Japan
» Contemplated strategies: Quantitative, Enhanced Passive, Passive

* Relative risk: among others, 6% pa of Tracking Error against the benchmark.

Initial Portfolio Methodology: Low Vol Country Allocation

* The Low Vol Anomaly is well documented by both academics and practitioners.
* The use of Country/Sector allocation to “harvest” the Low Vol Premia has been
documented as well.

A Core Satellite Approach

* The Core is made of the client’'s benchmark

* The Satellite is the Low Vol Portfolio, and is calculated as the Minimum Variance
Portfolio, only investing in Country ETFs.

* Allocation between Core and Satellite is determined in order to maintain the
Portfolio Tracking-Error under the risk limit defined by the Client.
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Example portfolio: Low Risk Asia-Pacific

Step 1: Construction of the Low Vol Portfolio (the Satellite)

Methodology

Investment Universe:
Asia Pac ex Japan, All Countries, physical ETFs only.

Methodology:

— Quarterly rebalancing,

— Minimum Variance methodology performed using a 252
days observation window for the variance-covariance

matrix,
— Maximum exposure of 15% to any Low Vol Portfolio
constituent,
— Minimum exposure of 0.5% to each Low Vol Portfolio
constituent.
Main Low Vol MSCI Asia Ex Japan
Statistics Portfolio Net Returns
Ann. Returns 14.37% 10.65%
Ann. Volatility 15.78% 21.21%
Sharpe Ratio 0.80 042
Drawdown -56.20% —65.79%
Tracking Error 10.03%

Simulated Past Performance
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Example portfolio: Low Risk Asia-Pacific

Step 2: Construction of the Portfolio with the TE Target

Portfolio with MSCI Asia Ex Japan Simulated Past Performance

Main Statistics TE Target Net Returns

Ann. Returns 12.13% 10.65% ALl

Ann. \,folatili‘ly 17.78% 21.21% —— Portifolio with TrackingErmor Target
Sharpe Ratio 0.58 0.42 MSCI Asia Ex Japan Net Retums
Drawdown —61.10% —65.79% 400%

Tracking Error 5.83%
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