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Conclusion

• Portfolios need to be systematically robust to unforeseen changes in
market behaviour, and thus to the assumptions used in portfolio
construction and optimisation.
• Traditional investment approaches however can tend to be
oversimplified and their long-term portfolio performance can be
surprisingly fragile when the underlying assumptions are overtaken
by reality.
• Our investment approach accepts that the world is characterized
more by “shades of grey” than oversimplified black and white. We
aim to use available information in a more effective way to help us
manage uncertainty about assumptions used for portfolio
optimisation and evaluation and to avoid risk concentration.
• We think that it is worth accepting a slightly lower expected return
than from a theoretically-optimum investment outcome, in return for
a portfolio that should prove more resilient to unexpected economic
and financial market changes ahead.
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Robustness and uncertainty

The world is an unpredictable place. The past dozen years show us that nothing in
markets can be taken for granted. At the start of 2020, the global economy was in
reasonable shape. But only a few months later we were in the middle of a market and
economic crisis. Markets and most policymakers underestimated the threat posed by
COVID-19 and the associated Sars-CoV-2 pandemic and this provided further
evidence of the uncertainty of any future market parameters.
The crisis has allowed us to learn something about risk. The losses of individual asset
classes were roughly as expected. But, in an echo of the start of the global financial
crisis in 2007/08, hopes that expected asset class correlations would provide
significant diversification benefits were not realized. Almost all asset classes were
affected negatively (see Figure 1). The current crisis has reminded us that such “black
swan” events are more common than might be suspected.
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We know that long-term investment success relies on the capability to deal with risk
and stay invested in times of strong market downturns. This means that finding a
sound way to predict risk and return, together with efficient measures to avoid
unacceptable losses, is important. We then apply a close-to-reality risk model based on
a global portfolio covering a full cycle of market moves and explicitly including “black
swan” events (“fat tails”) and unstable correlations that could pose a significant risk to
investors (see Figure 2).
Can we also learn something about robustness? To understand the concept of
robustness in a Strategic Asset Allocation (SAA) context, it may help to start with an
example from the physical rather than financial world. During their development cars
are tested for robustness in both the desert and Arctic Circle. Most cars are clearly not
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optimized for such conditions – as they will rarely be used in
them – but their manufacturers design them in a way that they
can continue to work. These cars are meant to demonstrate a
general definition of robustness – being generally strong in
constitution under a variety of very different conditions.
Robustness in finance has a similar meaning. Here we are
dealing with different optimization problems to find a way in
which portfolios can continue to perform well in different
market environments. Robustness can refer both to the way we
determine the assumptions used in the process to derive an
allocation and also the optimization process itself – and the
result:
a)

b)

c)

robust (reliable) forecasts of expected returns (e.g.
following the methodological idea of “triangulation”, using
broader or better inputs and models leading to a deeper
understanding of the economy and the impact on the
expected returns);
robust estimates of the risk parameters such as volatility
and correlations (e.g. by taking into account systematic
biases or using parameter types that are less sensitive to
small samples or “fat-tailed” statistics that include extreme
events); and
robustness of the portfolios against uncertainty in both risk
and return parameters (by considering the uncertainty in
the optimization process itself).

Here, we are using the term robustness in the sense of dealing
with uncertainties regarding the assumptions for optimizations,
i.e. in the selection of a specific solution for a portfolio. (In
particular, a robust set-up should avoid the rather common
mistake of simply preparing for a rerun of the last market
downturn, given that history does not repeat itself.)
The problem with the classical allocation optimization approach
according to Markowitz is that it is based on an implicit
assumption that we can predict future capital market
parameters with full certainty. This typically results in
concentrated allocations in certain asset classes – increasing
the risk of losses or missed opportunities if these asset classes
do not perform as expected. This is not just a matter of fine
tuning. In reality, a small change or shock to one parameter of
these investment approaches could lead to a completely
different optimal allocation. In short: if the forecast assumptions
of the optimization are met, then it can deliver an optimal result.
But if the assumptions are not exactly met – as is much more
likely – then this investment approach can prove brittle and the
outcomes poor.
Unfortunately, naïve discretionary adjustments of the portfolio
in response to this behavior proved to be expensive and
unreliable. We have already dealt with the problems around
market timing in a previous special report.
Before we look at traditional investment approaches that try to
deal with robustness, it is worth establishing the difference
between robustness and risk. It might seem that the easiest way
to increase robustness in a portfolio would simply be to reduce
risk. But this is not a simple matter and brings us quickly back to
uncertainty around the assumptions used to reduce perceived
risk and how they can be wrong. Our attempts to reduce risk
(against a particular event or set of events) can easily be of the
wrong magnitude, or end up adding to risk elsewhere in the
portfolio. To a certain degree risk is related to things we
understand that we cannot control and robustness is related to
assumptions we define or rely on (and hence tend to believe

that we can control).
One analogy could be with building a house. The basic design of
a house should reflect obvious risks – so we need steep roofs for
areas with high snowfall, or external shutters to deal with high
winds. But for increasing robustness we need a good
understanding how the components of the house (the strength
under different sorts of stresses or the wood used in the window
frames, the quality of the brick stock etc.) will behave under a
range of possible conditions and over a long time span.
We explore how traditional investment approaches attempt to
do this – and their inherent limitations – in the next section,
before looking at our own approach to develop the concept of
robustness.
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From heuristics to
robustness

Finding a robust solution for SAA is a complex problem because
of the large number of influencing factors or assumptions that
have to be taken into account. These typically operate in a nonlinear way –creating a situation in which one is unlikely to find a
simple way to derive a solution.
A typical procedure for solving such complex problems with
limited resources – in terms of data or analytic capacity,
particularly when there are needs for a high degree of
transparency or intuitive understanding – involves the use of
heuristics. A heuristic approach may include short cuts, “rules of
thumb” or simple trial and error to find a probably imperfect but
still useful solution to a problem. To take up a tangible example
from everyday life, let's imagine a soccer game. If we want to
bet which soccer team will win the game and we are not familiar
with soccer, one heuristic might be to bet on the team that has
spent the most money on players: however, as we know, this will
be an imperfect predictor of a single game. As we can see,
heuristics can have many advantages (speed, easy to
understand, etc.) but also weaknesses that we will return to
later.
Traditional investment allocation approaches typically rely
heavily on heuristics. Consider four of them:

•

Using allocation restrictions (maximum or minimum weights)
for avoiding too concentrated portfolios depend on fixing
levels which will be chosen based on experience or
regulatory requirements of the investor. Unfortunately, these
restrictions tend to dominate the SAA and it remains unclear
how a reasonable balance between risk and return can be
achieved.

•

Equilibrium models – e.g. the “world portfolio” under the
Black-Litterman approach – avoid the problem of
assumptions on risk and return of the individual asset
classes by assuming they are at levels which would support
what we can see in the existing global market allocation.
However, the idea that the global market portfolio provides a
good balance between risk and return for a real investor is
somewhat debatable, e.g. from the perspective that for
different portfolio currencies the risk contributions of asset
classes may differ substantially.

•

Risk parity or minimum variance portfolios look at the
problem from a different angle, arguing that since the
expected return assumptions for each asset class are
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generally unreliable, we should instead equally-weight all
asset classes on the basis of their risk contribution to the
portfolio. It remains unclear, why neglecting relatively
reliable information on differences between the expected
returns of some asset classes (like equities and government
bonds) and at the same time relying on unstable correlations
leads to a good balance between efficiency and robustness.
•

An equally-weighted portfolio (on the basis of value) is
perhaps the most simple “heuristic”: taking no capital
account forecasts or assumptions into account whatsoever.
Unfortunately, the resulting risk return profile is strongly
dependent on the definition of the asset classes – more
differentiation leads to a higher weight.

All these approaches dodge the central issue: their implicit
assumption is that we simply do not (and cannot) know enough
about future markets for a reliable estimation of future market
parameters and therefore use dramatic over-simplifications to
find solutions.
Overall, there are systematic disadvantages when using a
heuristic for dealing with uncertainty in the context of portfolio
optimization. First, they can encourage investors to neglect
valuable information (when it is not used by the simplified
model). Second, they may encourage a lack of transparency
regarding the relevance of the remaining assumptions. Third,
they may encourage investors to ignore the effect of uncertainty
(potentially massive) regarding the individual assumptions.
Rather than try and reduce a complex situation down to a
simple black and white line drawing (as these heuristic
approaches do) we would admit instead that we live in a world
characterized by shades of grey – and analyze it on this basis,
uncertainty and all.
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Robustness and
optimization

Moving to this “shades of grey” world – from heuristics to
robustness – involves finding a sensible balance between
optimal efficiency and explicit robustness.
In this uncertain world, we need to use all the information that
we have, even if it is incomplete. We want to use this
information to help us develop a more precise understanding of
the influence of the various assumptions regarding the capital
market parameters when identifying a better allocation.
We are in a situation where explicit consideration of the
uncertainty of the individual parameters is possible, not least
due to the computing power that is now available. The
uncertainty of the parameters can be explicitly modelled using
an uncertainty distribution (see Figure 3). This figure describes
uncertainty via likelihood distributions on possible values for
expected correlations.
As we dig into the uncertainty issue, the next question is what
level of uncertainty can be reasonably assumed to be typical? A
comparison with the historical variability of the different
parameters in connection with the properties of the sample
distribution allows an obvious possible reference point.

our knowledge to explore different scenarios to specifically
avoid unwanted bets on parameters that are perceived as
particularly uncertain and thus dangerous to portfolios.
The robustness of an allocation is determined via a “loss risk
under uncertainty” in the case of particularly unfavourable
possible parameter combinations according to the uncertainty
distribution. The lower this “risk of loss under uncertainty” is for
an allocation with a given risk profile (based on the capital
market assumptions), the more robust the portfolio (see Figure
4).
We return to the point that, generally, an optimization is more
robust, if it depends less on the relevant assumptions being
exactly met. A detailed analysis how the assumptions,
quantified via parameters (in case of portfolio optimization, the
expected returns and risk contributions of the asset classes),
enter the optimization procedure is key for understanding and
including the uncertainties regarding the parameters.
Unfortunately the increase of robustness generally comes with
a downside. Neglecting information in the optimization leads to
less optimal results, in case the assumptions turn out to be
exactly right. The difference between the optimal result and the
more robust result based on the assumptions can be considered
as the ex-ante price you have to pay for relying less on uncertain
assumptions. We pay a small price (give up some return) in
order to get an ever greater protection advantage.
To repeat: this “shades of grey” analysis may be imperfect, but
we think that it is more effective than the black and white oversimplification of an approach based on heuristics. What it allows
us to do is to take into account that we might have more reliable
information about some areas than others and are able to use
this additional information wisely. We also should acknowledge
that there is a danger of relying on information assumed to be
true but which in fact is not. There is a second danger of priding
yourself on your robustness, not realizing that it applies only to
relatively unimportant areas.
In general, one should not overestimate the behavior of a single
– albeit significant – market movement. In the next market
scenario, the strategy may behave differently. The pursuit of
robustness is nothing more than to understand the persistence
of unfavorable surprises – and being prepared from the outset.
Optimization is not just a matter of pressing a button.
Finally, increasing the robustness of an investment strategy via
the SAA has systematic limits. The robustness can be
substantially increased even further by a so-called convex
strategy using market instruments, where a (slight) reduction in
the upside potential of a strategy is exchanged in return for a
strong reduction in the potential downside of a portfolio. As an
example, during the market drop at the end of February 2020
the hedging impact of a convex protection helped compensate
for the missing diversification effect. Such a hedging strategy
can provide a higher risk-adjusted expected return after
hedging costs, if implemented efficiently as a systematic
extension of the SAA.

From there, an increased or lower uncertainty can be selected
for the individual parameters, if necessary. The point is that,
while we may not describe our uncertainty fully, we can still use
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Conclusion

Achieving portfolio “robustness”, as we explain in this paper, depends on the realization that we are dealing with probabilities and
dependencies which are to some degree uncertain. Any assumption on future asset class returns has to be accompanied by an
assessment of risks and their potential impact on a portfolio as well as an assessment of the errors on the expected returns and risk
on how they could affect the attractiveness of the portfolio: optimization is really a balance between efficiency and robustness. The
danger – as evident in many traditional investment approaches – is that we may tend to oversimplify a naturally complex situation,
thereby neglecting potentially valuable information and also impeding our ability to identify risky bets on assumptions about the
future market behavior.
In reality, creating a robust portfolio may require giving up some small potential theoretical performance gains (on the assumption
of a given outcome) to increase the likelihood that the risk adjusted portfolio return is substantially less affected in case our
assumptions do not materialize. To return to the automotive analogy that we started with, this is the price of using better
components to have a car that works reliably even in extreme winters.
In short, we should aim for the best but prepare for the worst.

Figure 1: Jan. to March 2020: high correlation, (nearly) all asset classes in negative territory
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Source: Bloomberg Finance L.P., Deutsche Bank Wealth Management. Data as of May 5, 2020.
Past performance is not indicative of future returns.

Figure 2: Probability distribution of future returns
Frequency
Frequency
10'000

What is the probability of not
losing more than the defined
risk tolerance?

What is the probability to achieve a certain
return?

1'000

100

Which returns are
the most frequent?

How probable
are tail events?

10

1

Future return paths

Future return paths

Losses
Fat tail

Gains

For comparison: Normal distribution

Source: Bloomberg Finance L.P., Deutsche Bank Wealth Management. Explanatory chart based on own calculations. The shape of the
distribution is calibrated to historical returns. Returns and frequency are both displayed on a logarithmic scale. Data as of May 5, 2020.
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Figure 3: Likelihood distribution of expected correlations (of the S&P 500 to the indices
mentioned) for different levels of uncertainty
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Source: Bloomberg Finance L.P., Deutsche Bank Wealth Management. Chart is based on own calculations since 2008. Solid lines: point
forecasts; dashed lines: likelihood based on historical data; dotted lines: no correlation information = all values have the same likelihood. Data as
of May 5, 2020.
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Figure 4: Portfolio allocations for different levels of parameter uncertainty
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specific analysis of the impact of uncertainty on the level of individual parameters is – of course – possible. Data as of May 5, 2020.
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Glossary
The Bloomberg Commodity ex-Agriculture and Livestock maps raw materials (exclusive futures contracts from the agriculture &
livestock sector). The index does not take into account the dividends of the index components (price index).
Correlation is a statistical measure of how two securities (or other variables) move in relation to each other.
The EONIA (Euro Over Night Index Average) is a reference rate on the interbank market in the euro area for unsecured loans in
euros. The index does not take into account the dividends of the index components (price index). The calculation is carried out by
the European Central Bank as an independent institution.
EUR is the currency code for the euro, the currency of the Eurozone.
The EuroStoxx 50 Index tracks the performance of blue-chip stocks in the Eurozone and includes the super-sector leaders in terms
of market capitalization.
The HRFX Global Hedge Fund Index (EUR) tracks selected hedge fund strategies. The index does not take into account the
dividends of the index components (price index). The index is calculated by Hedge Fund Research, Inc. (HFR) (index sponsor).
The iBoxx Euro Corporates Overall is a broadly diversified index for corporate bonds listed in euros that have at least an investment
grade rating. The index is a bond index. The index is calculated by Markit Indices Limited (index sponsor).
The iBoxx Euro Liquid High Yield tracks liquid euro-denominated high-yield bonds. The index is a bond index. JPY is the currency
code for the Japanese yen, the Japanese currency.
The JP Morgan EMBI Global Composite tracks the performance of actively traded USD bonds issued by government and quasigovernmental entities in emerging markets. The index is a bond index. The index is calculated by JP Morgan (index sponsor).
JP Morgan GBI EMU 1-10 tracks the performance of euro area government bonds with maturities of 1-10 years. The index is a
bond index. The index is calculated by JP Morgan (index sponsor).
JP Morgan US Government Bond Index reflects the performance of U.S. government bonds with maturities of 1-10 years. The
index is a bond index. The index is calculated by JP Morgan (index sponsor).
The MSCI Emerging Markets tracks the performance of equity markets in emerging markets worldwide. The index does not take
into account the dividends of the index components (price index). The index is calculated by MSCI Inc. (index sponsor).
The MSCI World is a global stock index that reflects the development of stocks in 23 industrialized countries worldwide.
USD is the currency code for the U.S. Dollar.
A strategic asset allocation process involves setting preferred allocations for asset classes on a medium to long-term horizon.
Systematic market risk is the risk affecting the whole market (not just a particular stock, industry or asset class) and is largely
unpredictable.
The S&P 500 Index includes 500 leading U.S. companies capturing approximately 80% coverage of available U.S. market
capitalization.
TOPIX refers to the Tokyo Stock Price Index.
Volatility is the degree of variation of an asset class or a trading-price series over time.
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information is available upon investor’s request.
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Financial Services Authority.
State of Qatar
Deutsche Bank AG in the Qatar Financial Centre (registered no. 00032) is regulated by the Qatar Financial Centre Regulatory Authority. Deutsche
Bank AG -QFC Branch may only undertake the financial services activities that fall within the scope of its existing QFCRA license. Principal place of
business in the QFC: Qatar Financial Centre, Tower, West Bay, Level 5, PO Box 14928, Doha, Qatar. This information has been distributed by
Deutsche Bank AG. Related financial products or services are only available to Business Customers, as defined by the Qatar Financial Centre
Regulatory Authority.
Kingdom of Belgium
This document has been distributed in Belgium by Deutsche Bank AG acting though its Brussels Branch. Deutsche Bank AG is a stock corporation
(“Aktiengesellschaft”) incorporated under the laws of the Federal Republic of Germany and licensed to carry on banking business and to provide
financial services subject to the supervision and control of the European Central Bank (“ECB”) and the German Federal Financial Supervisory
Authority (“Bundesanstalt für Finanzdienstleistungsaufsicht” or “BaFin”).Deutsche Bank AG, Brussels Branch has its registered address at
Marnixlaan 13-15, B-1000 Brussels, registered at the RPM Brussels, under the number VAT BE 0418.371.094. Further details are available on
request or can be found at www.deutschebank.be.
Kingdom of Saudi Arabia
Deutsche Securities Saudi Arabia Company (registered no. 07073-37) is regulated by the Capital Market Authority. Deutsche Securities Saudi
Arabia may only undertake the financial services activities that fall within the scope of its existing CMA license. Principal place of business in Saudi
Arabia: King Fahad Road, Al Olaya District, P.O. Box 301809, Faisaliah Tower, 17th Floor, 11372 Riyadh, Saudi Arabia.
United Kingdom
In the United Kingdom (“UK”), this publication is considered a financial promotion and is approved by DB UK Bank Limited on behalf of all entities
trading as Deutsche Bank Wealth Management in the UK. Deutsche Bank Wealth Management is a trading name of DB UK Bank Limited. Registered
in England & Wales (No. 00315841). Registered Office: 23 Great Winchester Street, London EC2P 2AX. DB UK Bank Limited is authorised and
regulated by the Financial Conduct Authority and its Financial Services Registration Number is 140848. Deutsche Bank reserves the right to
distribute this publication through any of its UK subsidiaries, and in any such case, this publication is considered a financial promotion and is
approved by such subsidiary where it is authorised by the appropriate UK regulator (if such subsidiary is not so authorised, then this publication is
approved by another UK member of the Deutsche Bank Wealth Management group that has the requisite authorisation to provide such approval).
Hong Kong
This document and its contents are provided for information only. Nothing in this document is intended to be an offer of any investment or a
solicitation or recommendation to buy or to sell an investment and should not be interpreted or construed as an offer, solicitation or
recommendation. To the extent that this document makes reference to any specific investment opportunity, its contents have not been reviewed.
The contents of this document have not been reviewed by any regulatory authority in Hong Kong. You are advised to exercise caution in relation to
the investments contained herein. If you are in any doubt about any of the contents of this document, you should obtain independent professional
advice. This document has not been approved by the Securities and Futures Commission in Hong Kong nor has a copy of this document been
registered by the Registrar of Companies in Hong Kong and, accordingly, (a) the investments (except for investments which are a “structured
product”, as defined in the Securities and Futures Ordinance (Cap. 571 of the Laws of Hong Kong) (the “SFO”)) may not be offered or sold in Hong
Kong by means of this document or any other document other than to “professional investors” within the meaning of the SFO and any rules made
thereunder, or in other circumstances which do not result in the document being a “prospectus” as defined in the Companies (Winding Up and
Miscellaneous Provisions) Ordinance (Cap. 32 of the Laws of Hong Kong) (“CO”) or which do not constitute an offer to the public within the meaning
of the CO and (b) no person shall issue or possess for the purposes of issue, whether in Hong Kong or elsewhere, any advertisement, invitation or
document relating to the investments which is directed at, or the contents of which are likely to be accessed or read by, the public in Hong Kong
(except if permitted to do so under the securities laws of Hong Kong) other than with respect to the investments which are or are intended to be
disposed of only to persons outside Hong Kong or only to “professional investors” within the meaning of the SFO and any rules made thereunder.
Singapore
The contents of this document have not been reviewed by the Monetary Authority of Singapore (“MAS”). The investments mentioned herein are not
allowed to be made to the public or any members of the public in Singapore other than (i) to an institutional investor under Section 274 or 304 of the
Securities and Futures Act (Cap 289) (“SFA”), as the case may be (as any such Section of the SFA may be amended, supplemented and/or replaced
from time to time), (ii) to a relevant person (which includes an Accredited Investor) pursuant to Section 275 or 305 and in accordance with other
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conditions specified in Section 275 or 305 respectively of the SFA, as the case may be (as any such Section of the SFA may be amended,
supplemented and/or replaced from time to time), (iii) to an institutional investor, an accredited investor, expert investor or overseas investor (each
as defined under the Financial Advisers Regulations) (“FAR”) (as any such definition may be amended, supplemented and/or replaced from time to
time) or (iv) otherwise pursuant to, and in accordance with the conditions of, any other applicable provision of the SFA or the FAR (as the same may
be amended, supplemented and/or replaced from time to time).
United States
In the United States, brokerage services are offered through Deutsche Bank Securities Inc., a broker-dealer and registered investment adviser,
which conducts securities activities in the United States. Deutsche Bank Securities Inc. is a member of FINRA, NYSE and SIPC. Banking and lending
services are offered through Deutsche Bank Trust Company Americas, member FDIC, and other members of the Deutsche Bank Group. In respect
of the United States, see earlier statements made in this document. Deutsche Bank makes no representations or warranties that the information
contained herein is appropriate or available for use in countries outside of the United States, or that services discussed in this document are available
or appropriate for sale or use in all jurisdictions, or by all counterparties. Unless registered, licensed as otherwise may be permissible in accordance
with applicable law, none of Deutsche Bank or its affiliates is offering any services in the United States or that are designed to attract US persons (as
such term is defined under Regulation S of the United States Securities Act of 1933, as amended).This United States-specific disclaimer will be
governed by and construed in accordance with the laws of the State of Delaware, without regard to any conflicts of law provisions that would
mandate the application of the law of another jurisdiction.
Germany
This document has been created by Deutsche Bank Wealth Management, acting through Deutsche Bank AG and has neither been presented to nor
approved by the German Federal Financial Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht). For certain of the investments
referred to in this document, prospectuses have been approved by competent authorities and published. Investors are required to base their
investment decision on such approved prospectuses including possible supplements. Further, this document does not constitute financial analysis
within the meaning of the German Securities Trading Act (Wertpapierhandelsgesetz) and, thus, does not have to comply with the statutory
requirements for financial analysis. Deutsche Bank AG is a stock corporation (“Aktiengesellschaft”) incorporated under the laws of the Federal
Republic of Germany with principal office in Frankfurt am Main. It is registered with the district court (“Amtsgericht”) in Frankfurt am Main under No
HRB 30 000 and licensed to carry on banking business and to provide financial services. Supervisory authorities: The European Central Bank
(“ECB”), Sonnemannstrasse 22, 60314 Frankfurt am Main, Germany and the German Federal Financial Supervisory Authority (“Bundesanstalt für
Finanzdienstleistungsaufsicht” or “BaFin”), Graurheindorfer Strasse 108, 53117 Bonn and Marie-Curie-Strasse 24-28, 60439 Frankfurt am Main,
Germany.
India
The investments mentioned in this document are not being offered to the Indian public for sale or subscription. This document is not registered
and/or approved by the Securities and Exchange Board of India, the Reserve Bank of India or any other governmental/ regulatory authority in India.
This document is not and should not be deemed to be a “prospectus” as defined under the provisions of the Companies Act, 2013 (18 of 2013) and
the same shall not be filed with any regulatory authority in India. Pursuant to the Foreign Exchange Management Act, 1999 and the regulations
issued there under, any investor resident in India may be required to obtain prior special permission of the Reserve Bank of India before making
investments outside of India including any investments mentioned in this document.
Italy
This report is distributed in Italy by Deutsche Bank S.p.A., a bank incorporated and registered under Italian law subject to the supervision and control
of Banca d’Italia and CONSOB. Luxembourg This report is distributed in Luxembourg by Deutsche Bank Luxembourg S.A., a bank incorporated and
registered under Luxembourg law subject to the supervision and control of the Commission de Surveillance du Secteur Financier. Spain Deutsche
Bank, Sociedad Anónima Española is a credit institution regulated by the Bank of Spain and the CNMV, and registered in their respective Official
Registries under the Code 019. Deutsche Bank, Sociedad Anónima Española may only undertake the financial services and banking activities that
fall within the scope of its existing license. The principal place of business in Spain is located in Paseo de la Castellana number 18, 28046 - Madrid.
This information has been distributed by Deutsche Bank, Sociedad Anónima Española.
Portugal
Deutsche Bank AG, Portugal Branch is a credit institution regulated by the Bank of Portugal and the Portuguese Securities Commission (“CMVM”),
registered with numbers 43 and 349, respectively and with commercial registry number 980459079. Deutsche Bank AG, Portugal Branch may only
undertake the financial services and banking activities that fall within the scope of its existing license. The registered address is Rua Castilho, 20,
1250-069 Lisbon, Portugal. This information has been distributed by Deutsche Bank AG, Portugal Branch.
Austria
This document is distributed by Deutsche Bank AG Vienna Branch, registered in the commercial register of the Vienna Commercial Court under
number FN 140266z. Deutsche Bank AG is a public company incorporated under German law and authorized to conduct banking business and
provide financial services. It is supervised by the European Central Bank (ECB), Sonnemannstraße 22, 60314 Frankfurt am Main, Germany and by
the Federal Financial Supervisory Authority (BaFin), Graurheindorfer Straße 108, 53117 Bonn, Germany and Marie-Curie-Strasse 24-28, 60439
Frankfurt am Main, Germany. The Vienna branch is also supervised by the Austrian Financial Market Authority (FMA), Otto-Wagner Platz 5, 1090
Vienna. This document has neither been submitted to nor approved by the aforementioned supervisory authorities. Prospectuses may have been
published for certain of the investments mentioned in this document. In such a case, investment decisions should be made solely on the basis of the
published prospectuses, including any annexes. Only these documents are binding. This document constitutes marketing material for informational
and promotional purposes only and is not the result of any financial analysis or research.
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The Netherlands
This document is distributed by Deutsche Bank AG, Amsterdam Branch, with registered address at De entree 195 (1101 HE) in Amsterdam, the
Netherlands, and registered in the Netherlands trade register under number 33304583 and in the register within the meaning of Section 1:107 of
the Netherlands Financial Supervision Act (Wet op het financieel toezicht). This register can be consulted through www.dnb.nl.
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