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Abstract

The EURO STOXX 50® Multi-Asset Momentum Risk Cap indices combine the performance of two
components — the EURO STOXX 50® and the EURO STOXX 50® Corporate Bonds Index. The allocation
between these two underlying indices is hereby based on a combination of a momentum strategy and a

cap on volatility. In order to account for differences in investors' risk preferences, indices with volatility
caps of 5%, 7,5%, 10%, 15% and 20% are available.

The empirical analysis indicates that a binary momentum strategy based on the EURO STOXX 50 and
the EURO STOXX 50 Corporate Bonds Index delivers superior performance results over the time period
analyzed, hereby outperforming single index investments into either the EURO STOXX 50 or the EURO
STOXX 50 Corporate Bonds index. The combination of momentum with a risk ceiling enables investors to
profit from the performance-increasing effect stemming from the momentum factor while
simultaneously being sensitive to risk. The offering of various risk caps allows investors to find their
individually preferable trade-off between risk and return. However, additional return is found to come for
the price of additional risk. Thus, the lower the risk ceiling, the lower the expected return.
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Index Methodology

The EURO STOXX 50 Dynamic Multi-Asset Indices combine the performance of two components - the
EURO STOXX 50 Equity and Corporate bond indices.

The allocation between the two underlying indices is hereby based on a combination of a momentum
strategy and a cap on volatility.

The strategy incorporates the momentum factor with the aim to increase absolute returns. Empirical
research suggests that momentum strategies contribute positively to overall returns. This observation is
explained, among other factors, by human behavior. Investors tend fo overreact to information which may
cause prices to move further away from fundamentals and extend past performance patterns into the
future. However, the momentum factor works in both directions, positive and negative. In order to capture
this factor and to simultaneously consider its trajectory, both sub-indices are sorted in ascending order
based on their past 60-day performance while the index with higher historical performance is selected
(subject to risk ceilings described below): If both indices generated a positive past performance, the
strategy seeks to invest as much as possible into the index with the higher historical performance;
whereas if both indices generated negative past performance, the strategy seeks to invest into the index
with the lower negative performance.

In order to additionally account for differences in investors' risk preferences, the momentum strategy is
combined with a risk control component in the form of a volatility ceiling. The EURO STOXX 50 Dynamic
Multi-Asset Indices are available with risk caps of 5%, 7,5%, 10%, 15% and 20.

In a first step, both underlying indices are ranked according to their momentum, with momentum
defined as historical 60-day performance. The application of the volatility-cap as second step is case
dependent. The following cases need to be distinguished:

Case T: If the historical 60-day volatility of the sub-index with the higher momentum is below the ex-ante
defined maximum risk level, 100% of the overall investment is allocated into this index. Thus, the ex-ante
defined maximum risk level is a non-binding constraint as the preferred investment, the index with
higher momentum, has a volatility which falls below the maximum.

Case 2: If the index with higher momentum violates the volatility threshold while the sub-index with the
lower momentum falls below the threshold, a trade-off between volatility and momentum is sought. In
this scenario, the risk-ceiling becomes a binding constraint in the form of a target-risk level. The weights
of both indices are determined in such a way that the maximum possible share is invested in the sub-
index with the higher momentum while adhering to the risk-cap.

Case 3: If the historical 60-day risk levels of both sub-indices range above the defined ceiling, 100% of
the overall investment is allocated to the index with the lower realized volatility.

Thus, the index methodology tries to balance the importance of both factors, momentum and volatility.
In case 1, the allocation is enfirely driven by momentum as volatility is a non-binding constraint. In case 2,
where the index with higher momentum violates the volatility threshold but the “second best alternative”
falls below this threshold, an effective tradeoff between volatility and momentum is sought. In case 3,
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where the volatilities of both sub-indices violate the upper volatility bound, the strategy aims for “"damage
control” by choosing the investment alternative that violates the volatility constraint the least, hereby
ignoring the momentum signal.

The regular rebalancing takes place on a quarterly basis at the last trading day of the months, March,
June, September and December. In order to react to substantial changes in the relation of targeted and
realized risk as they may arise between two regular rebalancings, an extraordinary rebalancing takes place
whenever the historical volatility of the previously determined portfolio allocation exceeds the risk-cap by
more than 20%.'

Risk and Return Characteristics

In order to better understand the characteristics and performance drivers of the EURO STOXX 50
Dynamic Multi-Asset Indices, the empirical analysis focuses on a decomposition of a) the underlying sub-
indices and b) the different strategy-components.

Figure 1 graphically displays the historical performance of the underlying indices, the EURO STOXX 50
and the EURO STOXX 50 Corporate Bonds index as well as the performance of a strategy which is
constructed purely based on the momentum-factor, hereby ignoring the risk ceiling. At the bottom of
Figure 1, the asset allocation of the momentum strategy is given.

FIGURE 1: INDEX PERFORMANCE AND ASSET ALLOCATION 03/2011 TO 05/2016.
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! Please refer to the Appendix for a detailed overview of the underlying calculation steps.
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It can be observed that the momentum strategy lead to very favourable risk and return characteristics
compared to stand alone investments into the underlying indices. While it mostly ignored the bear
market in 2071 by being fully invested in the EURO STOXX 50 Corporate Bonds index at the time of the
peak of the crisis, it shifted to equity just in tfime to participate in the recovery periods of 2012 to 2014.
However, in early 2015 when the EURO STOXX 50 index saw its most significant positive performance,
the momentum signal favoured the bond space, thus, missing out on this positive trend. A position,
however, that turned out to be favourable towards the second half of 2015 when equity markets started
to confract again.

The question now arises of how the introduction of a risk-ceiling affects the behaviour of the momentum
strategy. In order to address this question, the impact of a risk ceiling is demonstrated based on a
comparable moderate 10% risk-cap.

FIGURE 2: INDEX PERFORMANCE AND ASSET ALLOCATION 03/2011 TO 05/2016.
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The top of Figure 2 compares the performance of the EURO STOXX 50 Multi-Asset 10% Risk Cap index
with that of both sub-indices as well as with the previously discussed pure momentum index.

We find that the index performance is very similar to that of the pure momentum strategy. However,
overall returns are a slightly lower. The lower overall performance can be explained when looking at the
asset allocation of the index strategy (see bottom of Figure 2). We find that in all periods in which the
pure momentum strategy was fully invested in equity, i.e. in the EURO STOXX 50 index, the addition of a
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risk-ceiling of 10% lead to a partial investment also into bonds. Thus, the allocation within those periods
are described by the case-2 scenario: /f the index with higher momentum (i.e. the EURO STOXX 50)
violates the volatility threshold while the sub-index with the lower momentum (ie. the EURO STOXX 50
Corporate Bond's index) falls below the threshold, an effective fradeoff between volatility and momentum
is sought. In this scenario, the risk-ceiling becomes a binding constraint in the form of a farget risk level
in order fo invest the maximum possible share into the sub-index with the higher momentum(ie. the
EURO STOXX 50). In other words, we find that the participation in the equity index is partially sacrificed
for the sake of sticking to the ex-ante defined maximum risk level.

The relation between volatility, the chosen risk-ceiling and the resulting multi-asset allocation becomes

even more apparent when graphically displaying historical volatility levels of both sub-indices and the
resulting asset allocations, again for the case of a ten 10% risk ceiling (see Figure 3).

FIGURE 3: HISTORICAL VOLATILITIES AND ASSET ALLOCATION 03/2011 TO 05/2016.
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We find that volatility levels of the EURO STOXX 50 Corporate Bonds index were constantly below the
ceiling of 10% while volatility levels of the EURO STOXX 50 index were constantly above the ceiling. Thus,
we did not encounter a Case 3 scenario (a scenario where the volatilities of both indices were above the
targeted ceiling). This leaves us with Cases 1 and 2. In all scenarios where the index was fully invested in
either equity of bonds, the allocation followed Case 1., i.e. an allocation driven purely by the momentum
factor. In any other case, the allocation was based on a trade-off between adhering to the risk ceiling and
momentum.
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As mentioned, this tradeoff comes for the price of a deviation from the maximum performance

achievable by investing in a pure momentum factor. The extent of this tradeoff is displayed graphically
(Figure 4) as well as numerically (Table 5) for all index versions available.

FIGURE 4: INDEX PERFORMANCE OVER TIME PERIOD 03/2011 TO 05/2016.
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TABLE 1: RISK AND RETURN CHARACTERISTICS BASED ON TIME PERIOD 03/2011 TO 05/2016.

EURO STOXX E-LFJORSX 50 Momentu Momentu Momentu Momentu Momentu Momentu

50 Bonds mOnly m+5% m+75% m+10% m+15% m+20%
Return (Overall) 5.55% 5.43% 6.47% 5.65% 570% 577% 6.05% 6.16%
Return ly (ann.) -10.93% 2.13% -994%  -0.66% -259% -447% -135% -9.79%
Return 3y (ann.) 718% 3.71% 4.87% 477% 4.44% 4.63% 512% 4.93%
Volatility (Overall) 20.83% 2.54% 12.84% 4.42% 6.07% 7.81% 10.64% 12.07%
Volatility Ty (ann.) 23.60% 2.09% 14.32% 3.97% 5.59% 7.30% 10.58%  13.08%
Volatility 3y (ann.) 18.95% 1.93% 12.68% 4.33% 6.25% 8.23% 1M.03%  12.23%
Sharpe Ratio (Overall) 0.2666 21322 0.5037 12782 09398 0.7382 0.5685 0.5106
Sharpe Ratio Ty -0.4632 10147  -0.6941 -0.1663 -0.4631 -0.6119 -0.6949 -0.7490
Sharpe Ratio 3y 0.3790 1.9241 0.3843 09634 0.7096 05629 04648 0.4031
Max. Drawdown 31.90% 3.29%  24.04%  6.29% 9.62% 1278%  18.00%  22.31%

Source: STOXX
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Measured over the enfire tfime period observed, the pure momentum strategy generated the highest
annual return with 6.5%. The lower the risk-ceiling of the EURO STOXX 50 Multi-Asset Risk Cap index,
the lower the overall performance.

However, additional return comes for the price of additional risk as indicated by volatility figures. The
index with a 5% risk ceiling has an overall realized volatility of only 4.42% while the index with a risk
ceiling of 20% has an overall annualized volatility of 12%. This reasoning is further underscored when
looking at maximum drawdown figures. While a 5% risk ceiling experienced a maximum drawdown of
just 6.29% over the time period observed, the 20% risk ceiling version suffered from a maximum
drawdown of 22.31%.

Thus, investors need to balance risk against performance in order to find the multi-asset solution that
best suits their individual risk preferences.




STOXX LTD. 10

FURO STOXX 50 MULTI-ASSET MOMENTUM RISK
CAP INDICES

Summary

The EURO STOXX 50 Multi-Asset Momentum Risk Cap indices combine the performance of two
components — the EURO STOXX 50 and the EURO STOXX 50 Corporate Bonds Index. The allocation
between these two underlying indices is hereby based on a combination of a momentum strategy and a

cap on volatility. In order to account for differences in investors' risk preferences, indices with volatility
caps of 5%, 7,5%, 10%, 15% and 20% are available.

The empirical analysis indicates that a binary momentum strategy based on the EURO STOXX 50 and
the EURO STOXX 50 Corporate Bonds Index delivers superior performance results over the time period
analyze, hereby outperforming single index investments info either the EURO STOXX 50 or the EURO
STOXX 50 Corporate Bonds index. The combination of momentum with a risk ceiling enables investors to
profit from the performance-increasing effect stemming from the momentum factor while
simultaneously being sensitive to risk. The offering of various risk caps allows investors to find their
individually preferable trade-off between risk and return. However, additional return is found to come for
the price of additional risk. Thus, the lower the risk ceiling, the lower the expected return.
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Appendix

The EURO STOXX 50 Multi-Asset Risk Cap indices involve dynamically allocated long positions into the
EURO STOXX 50 Equity and Corporate Bond Indices at each quarterly rebalancing.

A.1 Regular Rebalancing:

STEP 1 - Calculation of historical price momentum of both sub-indices

U, _4
M , =g

U —604
STEP 2 - Ranking of sub-indices by momentum in ascending order
STEP 3 - Determination of weights of both sub-indices

Case I: If RealizedVolana < RiskCap, set Wiank1 = 1, Wankz = O.

2
RealizedVol;;= % Y. lln (UUA)]

Case ll: If RealizedVol; ani > RiskCap:

3 a. RealizedVol;,ankz < RiskCap, set PortfolioVol;ya = RiskCap and solve for wang, where:

2 * . 2 2 * . 2
W RealizedVol +w RealizedVol
: _ rank]l rankl rank2 rank2
PortfolioVol; ya= oo ) “RealizedC
Wrankl Wrank2 M€alize OVrankLrankZ

with:

. _ 252 US,rank] US,rankZ
RealizedCoV; rani rank2 = = * Ve \In (U *In 5
s-1,rank1 s-1,rank2

WrankT'_WrankZZ_I

WrarﬂdnVVrankZ{|

Wrank]:WrankZZO

3 b. RealizedVol; .2 > RiskCap, use 100% weight for the sub-index with the lower RealizedVol.
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STEP 4 - Assign Wk and Wanke To the relevant wigp:.
A.2 Extraordinary Rebalancing:

At any other calculation day recalculate P ¢y and check whether it breaches the RiskCap
adjusted with 20% tolerance buffer:

a. PortfolioVolua < 1,2 * RiskCap, no changes required, use previous weights.

b. PortfolioVoliya > 1,2 * RiskCap, set PortfolioVol;ua = RiskCap and solve for wn (refer to formulas in
Case Il a.) Assign the new calculated weights Wianiq and weane to the relevant wiep.

A.3 Index calculation:

At any calculation time t, the value of a EURO STOXX 50 Multi-Asset Risk Cap index value is calculated
as follows:

_ 2 Ut
I\/f_lvreb>< Zi=1 Wreb,i x U_
reb,i

With:

Uy Value of sub-index i (bond or equity) at time t

S -59 to t-1

R 0 Realized volatility measured over 60 days for sub-index i at day t

RiskCap Predefined maximum level of volatility (i.e. 5%, 7,5%, 10%, 15% or 20%)

R r 1r 2 Covariance of the bond and equity sub-indices

R LM Realized volatility measured over 60 days for multfi-asset index i at time t

Wreb,i Weight of sub-index i at rebalancing date or infra-monthly weight change date
Ureb,i Close value of sub-index i at rebalancing date or intra-monthly weight change date
IV¢ Index value at tfime t

[Vieb Index close value at last rebalancing date or extraordinary weight change date

reb Last rebalancing date of the bond index, which is the last tfrading day of March, June,

September and December or extraordinary weight change date
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About STOXX Limited

STOXX Ltd. is a global index provider, currently calculating a global, comprehensive index family of over 7,000 strictly rules-
based and transparent indices. Best known for the leading European equity indices EURO STOXX 50, STOXX Europe 50 and
STOXX Europe 600, STOXX Ltd. maintains and calculates the STOXX Global index family which consists of total market, broad
and blue-chip indices for the regions Americas, Europe, Asia/Pacific and sub-regions Latin America and BRIC (Brazil, Russia,
India and China) as well as global markets.

To provide market participants with optimal transparency, STOXX indices are classified into three categories. Regular "STOXX"
indices include all standard, theme and strategy indices that are part of STOXX's integrated index family and follow a strict rules-
based methodology. The "iISTOXX" brand typically comprises less standardized index concepts that are not integrated in the
STOXX Global index family, but are nevertheless strictly rules-based. While indices that are branded "STOXX" and "iSTOXX" are
developed by STOXX for a broad range of market participants, the "STOXX Customized"” brand covers indices that are specifically
developed for clients and do not carry the STOXX brand in the index name.

STOXX indices are licensed to more than 500 companies around the world as underlyings for Exchange Traded Funds (ETFs),
futures and options, structured products and passively managed investment funds. Three of the top ETFs in Europe and
approximately 25% of all assets under management are based on STOXX indices. STOXX Ltd. holds Europe's number one and
the world's number two position in the derivatives segment.

STOXX is part of Deutsche Bérse Group, and markets the DAX indices.

www.stoxx.com
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©STOXX 2015. All Rights Reserved.

STOXX research reports are for informational purposes only and do not constitute investment advice or an offer to sell or the solicitation of an offer to buy any security
of any entity in any jurisdiction.

Although the information herein is believed to be reliable and has been obtained from sources believed to be reliable, we make no representation or warranty,
expressed or implied, with respect to the fairness, correctness, accuracy, reasonableness or completeness of such information.

No guarantee is made that the information in this report is accurate or complete, and no warranties are made with regard to the results to be obtained from its use.
STOXX Ltd. will not be liable for any loss or damage resulting from information obtained from this report. Furthermore, past performance is not necessarily indicative
of future results.

Exposure to an asset class, a sector, a geography or a strategy represented by an index can be achieved either through a replication of the list of constituents and their
respective weightings or through investable instruments based on that index. STOXX Ltd. does not sponsor, endorse, sell, promote or manage any investment product
that seeks to provide an investment refurn based on the performance of any index. STOXX Ltd. makes no assurance that investment products based on any STOXX
index will accurately track the performance of the index itself or return positive performance.




