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» Rising sea levels will put coastal populations and critical economic assets
under increasing stress, in addition to the impact of climate change and
ocean degradation on marine ecosystems.

Warming oceans and » Substantial population displacement is not an unlikely scenario. This and the

ecosystems impact of rising seas on food supply, tourism, transport and energy
infrastructure could markedly reduce global GDP.
» Adaptation strategies have the potential to reduce the impact of rising seas
o but substantial and coordinated investment will be needed, as well as
Economic impacts financial transfers from developed to developing economies.

Introduction and investment

Adaption strategies implications

Average sea levels have increased over 21 cm since the start of the 20th century, with
about one third of this rise being experienced in the last 25 years alone. Every year, the
sea rises another 3.4mm mainly because of the thermal expansion of ocean water and
the melting of land-based snow and ice reserves.!

Rising seas will put ecosystems, marine biodiversity, coastal populations and critical
economic assets under increasing stress. The implications are not limited to coastal
areas.

Figure 1: Sea level changes since 1900 according to satellite

and other observations
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Source: Nature climate change. Data as of August 2021.
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The economic risks are substantial. It is estimated that 20% of
global GDP could be threatened by coastal flooding by 2100 if
no action is taken.2 Effects on sectors like agriculture and
tourism will be especially disruptive for developing countries
most reliant on them. Infrastructure and real estate assets will
be put at risk if no adaptation is undertaken.

There are some encouraging historical precedents. We know
(from the examples of Venice and the Netherlands) that
adaptation strategies (including both nature-based and
technology-based solutions) can help mitigate the risks.

However, the costs will be high and strategies may need to be
revised as new challenges come ahead and our understanding
of the ocean gets more complete. Policymakers will need to
create the right framework for decision-making processes.
International coordination and financial transfers between
countries will be necessary to avoid development imbalances
across the world. Indeed, coastal protection has so far often
been very effective and cost-efficient for cities — but will involve
a degree of subsidy for less densely populated rural areas.?

Judging exactly what is needed is a complex process. There are
cognitive obstacles involved with assessing risks, exacerbated
by the fact that sea-level threats are comparatively unquantified
and may run over very lengthy time periods. Moreover,
communities may feel threatened by some adaptation methods,
given the threats to private assets (e.g. homes).

Planning for rising seas levels involves creating a far-sighted
planning framework that is robust and versatile — in that it can
adjust to changing circumstances, always looking for creative
solutions. The decision making process needs to create a
common awareness of risk, involving all stakeholders but also
addressing the incentives and limitations that these
stakeholders have to change their approach.

As part of this, policymakers will need to address imbalances
with less developed countries. Protection is projected to be
extremely cost efficient on a worldwide scale and in
metropolitan and densely inhabited areas, but in disadvantaged
and less heavily populated places, benefit-cost ratios are
typically less than one.* As a result, without significant transfer
payments to underdeveloped countries, poorer areas are likely
to suffer.

* Rising sea levels pose threats to many different sorts of
investment, and not just in physical assets. Sustainability
ratings need to reflect this.

For investors, three points are worth stressing:

» Adaptation strategies will involve both technology and
nature-based approaches - creating a wide range of
interesting projects and opportunities.

* Rising sea levels will have major implications for the overall
macroeconomic and policy outlook (e.g. around borrowing,
inter-country transfers) which may impact the overall
investment environment.

Warming oceans and
ecosystems

Oceans and coasts provide critical ecosystem services such as
carbon storage, oxygen generation, food and income generation
which are put at risk by climate change. Feedback loops mean
that the loss of these ecosystem services will in turn further
exacerbate climate change.

Every year, the ocean absorbs around a quarter of CO,
emissions produced by human activities, making it one of the
world’s greatest “carbon sinks”, as well as most of the trapped
heat. But their ability to do this is not unlimited. Hotter and more
acidic oceans, due to the effects of climate change, are already
having an impact on marine ecosystems and biodiversity.

Increased greenhouse gas emissions (even under a limited
carbon budget) will worsen the impact of already existing stress
factors on coastal and marine environments from land-based
activities (e.g. urban discharges, agricultural runoff and plastic
waste) and ongoing exploitation of these systems (e.g.
overfishing, biodiversity loss, deep-sea mining and coastal
development).

These cumulative impacts weaken the ability of the ocean and
coasts to continue to perform critical ecosystem services.® This
in turn will affect populations living in coastal areas in a variety
of ways, as for example forced migrations due to rising sea
levels and depleted food supply due to warming oceans’ impact
on fish stocks.

Figure 2: Global sea surface temperature anomalies (deviations from expected levels) since
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Source: U.S. National Oceanic and Atmospheric Administration. Data as of August 17, 2021.
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Prominent effects from warming oceans already include
seasonal shifts in species, coral bleaching, coastal flooding,
coastal erosion, toxic algal blooms, hypoxic (or dead) zones,
novel marine ilinesses, the extinction of marine animals,
variations in precipitation levels, and fisheries losses.

These effects set up feedback loops. For example, vulnerability
from coastal flooding has been exacerbated by the loss of
biodiversity, ecosystem services and coastal vegetation due to
increased ocean degradation. At present, 50% of salt marshes,
35% of mangroves, 30% of coral reefs and 29% of sea grasses
have been either lost or are degraded worldwide.® These
ecosystems together lower wave heights on average by 35%-
71% and their degradation will magnify the already significant
increase in storms’ severity and coastal erosion and land loss
from rising sea levels.”

The themes of climate change and ocean acidification are
inseparable. As shown by Figure 3 (and discussed in in our
previous CIO Special report — Empowering the blue magic) the
ocean has absorbed much of global warming since the 1970s.
This stabilizing function, though, comes at the cost of
acidification and rising sea levels. Ocean acidity is estimated to
have grown by about 30% since the beginning of the industrial
age and has already caused significant changes to ocean
ecosystems, with implications for food security.8 In a high CO,
business-as-usual emission scenario, the worldwide yearly costs
of mollusc loss, to give an example, from ocean acidification
might exceed USD100bn by 2100.° 10

Deoxygenation is another problem. Hypoxic (dead) zones are
defined by low or depleted levels of oxygen in water, which is

frequently accompanied with algal overgrowth and can be
associated with reductions in regional fish stocks. Globally,
since the 1950s oceans' dissolved oxygen level has dropped

by around 2% and is predicted to decrease another 3-4% by the
year 2100 under a business-as-usual scenario.!

Rising ocean temperatures can also cause coral bleaching -
when too warm water makes corals expel the algae that live in
their tissues, leading the coral to turn totally white, bringing it
under extreme stress and putting it at risk of death. Again, this
has environmental and economic implications. According to one
study, the overall net benefit of the world's coral reefs every
year is USD29.8bn.12

Rising sea levels can cause saltwater intrusion into freshwater
systems and groundwater, limiting the amount of water
available for drinking and agriculture.

Food security in terms of production, access, usage, and price
stability — will also be affected. According to one piece of
research, the total impact of a warmer ocean from 1930 to 2010
was a 4% reduction in food provisioning potential throughout
the planet. Food provisioning potential losses have been
significantly higher in certain locations, such as the East China
Sea and the North Sea, ranging from 15% to 35%.13

Finally, warming oceans may also pose increased dangers to
human health. Evidence shows that observed warming might
influence numerous vector-borne ilinesses through a variety of
processes, such as changing diseases, vector, or reservoir
distributions, or increasing outbreak likelihoods and risk of
disease spread.14

Figure 3: The ocean’s contribution to excess heat and carbon dioxide absorption
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Economic impacts

Rising sea levels will have global macroeconomic effects (for
example on agriculture and tourism) but also damage existing
infrastructure — including ports, airports, sewage systems,
transportation and energy networks — and real estate assets,
from residential to commercial properties.

Population displacement. Over two-thirds of the world's major
cities, with over a quarter of a billion people population, are
positioned on the coast.1> Now and in the near future these
communities will have to face the very real threat of rising sea
levels and an increase in both frequency and strength of storm
surges. In terms of exposed populations, most of these cities are
in Asia: at present, Kolkata probably leads the list, followed by
Mumbai, Dhaka, Guangzhou, Ho Chi Minh City, Shanghai and
Bangkok.

Currently, 680 million people are estimated to reside in low-
lying coastal areas, with this figure expected to rise to over one
billion by 2050.16 It is projected that if global mean sea

levels rise by 2 metres by 2100, up to 187 million people will be
forced to relocate.'”

Lost assets. Sea level rise and floods are expected to cost the
world's economy USD14.2tn in lost or stranded assets by the
end of the century.1® The expected annual cost to the economy
would be equal to 4% of global GDP, with significant differences
among regions. The northeastern coast of the United States,
northwestern Europe, and significant sections of Asia,
particularly nations surrounding the Bay of Bengal, Indonesia,
China, and northern Australia, are the most vulnerable to
extensive floods.1®

Agricultural sector. The rise in sea levels will primarily affect
the agricultural sector through land inundation, salinization of
soil and fresh aquifers, and land loss brought by irreversible
coastal erosion, with implications for production, livelihood
diversification, and food safety, particularly in coastal countries
strongly dependent on agriculture.2® Recent research on rice
cultivation emphasises the importance of coupled surface
elevation and soil salinity. In a 1.8 m sea level rise scenario, the
rice production index in the Ebro delta (Spain), for example, is
expected to fall from 61.2 percentin 2010 to 33.8 percent by
2100, almost half of its value today.2!

Fisheries and aquaculture sectors. As we note above, a rising
sea level has a negative indirect influence on fisheries and
aquaculture by negatively impacting ecosystems (e.g. coral reef
degradation, decreased water quality in deltas and estuary
settings, soil salinization, and so on) as well as infrastructure
(e.g. damage to small and large harbours).

Tourism and recreation. A substantial danger can also be
foreseen for tourism and recreation through impacts on
landscapes (e.g. beaches), cultural features, and critical
transportation infrastructures. Nearly half of all overseas
tourists visit seaside locations. Tourism is responsible for more
than 25% of GDP in several developing nations, especially Small
Island Developing States.?2 More than a million square
kilometres of shoreline — an area roughly three times the size of
Germany — may be jeopardised by 2100 under a high-
temperature scenario with no adaptation.23 Countries heavily
dependent on tourism will have to bear the damages of eroding

coastlines and the consequent economic damages. Coastal
erosion and sea level rise will impact infrastructure including
energy plants, water treatment facilities, underground
communications cables and transportation networks, as ports
and railways.

Port infrastructure. Port cities have high population densities,
with 13 of the world's 20 most populated cities being port cities
in 2005.24 Additionally, with the volume of seaborne trade
globally doubling in the last 30 years, coastal cities are an
important component of national and global economies,
particularly in poor nations.2> Damage to ports and harbours, as
a result of sea level rise, may cost as much as USD111.6bn by
2050 and USD367.2bn by the end of the century, placing
severe pressure on trade dependent developed and developing
economies.26

Airportinfrastructure. As the majority of the world's largest
cities have developed around coasts, consequently, their

main international airports have usually been built either
extremely close to sea level or on filled shallow coastal waters.
Sea-level rise was not a factor nor reason for concern when
most of the world's major coastal airports were designed. Due to
the combination of exceptionally high tides, storm surges,
hurricanes, typhoons, and a progressively increasing sea level,
these airports are currently experiencing unprecedented
problems that will influence their operations for decades to
come.?’ In 2012, the Federal Aviation Administration (FAA) of
the United States warned that more than a dozen of the
country's 50 major terminals had low-lying infrastructure that is
vulnerable to rising seas and storm surge induced flooding.28

Sewerage infrastructure. Rising sea levels and more frequent
floods will also create major problems for sewage treatment.
Sewage overflow has severe health and environmental
consequences. While storm water drainage systems are
designed for draining surface runoff, groundwater inundation
caused by sea level rise reduces the drainage capacity of storm
water systems, and thus, could affect drainage and runoff
infiltration. For illustration, during Hurricane Sandy in 2012,
sewage congestion caused a spill of over 40 billion litres of
untreated sewage into the streets, rivers, and coastal seas.?®

Energy infrastructure. Likewise, rising sea levels endanger
energy infrastructure systems and put energy assets in coastal
areas at risk. Changes in sea level, as well as the periodicity and
severity of storm occurrences, will almost certainly have an
impact on how energy is generated, distributed and utilized. A
high proportion of coastal energy facilities in the United States
are located in regions sensitive to a 120 cm sea-level rise. Under
a rapid sea-level rise scenario, the number of US energy
facilities vulnerable to storm surge threats might grow by 15%
to 67%.3° Natural gas infrastructure, electric power plants, and
oil and gas refineries are examples of these facilities.

Transportation infrastructure. Modifications in weather
patterns, together with rising global warming and sea levels,
have a considerable influence on transportation infrastructure
systems too (e.g. roads, railways, and ports). With persistent
sea-level rise, transportation infrastructure will require more
regular and substantial maintenance and restoration. With
enhanced rainfall frequency and severity, transportation
networks will be flooded more regularly, increasing the
degradation rate of transportation systems and causing
interruptions in these networks.
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Real estate. Sea level rises also create risks to real estate. The
number of extreme weather events increased by over 250%
between 1980 and 2013 globally, and insured losses in 2020 as
a result of weather-related events were the fourth highest on
record.31-32 Flooding due to sea level rise and overflowing rivers
can cause severe damage to residential properties and real
estate, as well as slower future price appreciation.33 Insurance
has been the main tool for mitigating these risks, but if flood
events increase in frequency or severity, certain assets may
become uninsurable, causing permanent loss of value. For
example in the UK, an estimated 70,000 homes are at risk of
becoming uninsurable due to flood risk.34

Potential damage to U.S. real estate is substantial. A 2018
report by the Union of Concerned Scientists argued that by
2045, sea levels are expected to go up sufficiently to put over
300,000 of today's residential homes in the United States at
danger of chronic inundation. The total market value of these
coastal houses at risk of chronic flooding is estimated roughly at
USD117.5bn today; nearly 14,000 coastal commercial
properties, valued at approximately USD18.5bn at present, are
also at risk.3%

Adaption strategies

As demonstrated historically by Venice and Dutch cities, coastal
adaptation, focused on human populations and economically
significant locations along the shoreline, may mitigate a large
proportion of the anticipated economic losses.36 However,

measures to counter climate change also represent a significant
investment — estimated at USD140-300bn by 2030 and
increased to USD280-500bn by 2050.37

Several studies have also found that the relative benefits and
costs of coastal adaptation are allocated unequally among
nations and areas.38 For instance, while the median cost of
defence and retreat in 2050 is predicted to be less than 0.1
percent of national GDP, small island governments such as the
Marshall Islands or the Maldives may have to spend the
equivalent of 7.6 percent and 7.5 percent of GDP respectively.3?

Within the OECD, implementation of measures is lagging. Only
five nations have budgeted specifically for coastal adaptation. In
one of them, Germany, a special instrument
(Sonderrahmenplan) was founded in 2009 to accelerate the
development of coastal protection owing to climate change
concerns, which gives additional combined funding

of EUR25mn per year for all coastal federal states until 2025
(EUR550mn total).40

Adaptation strategies can be artificially divided among two
categories: nature and technology-based solutions. (Although,
in reality, solutions are likely be implemented together and in a
complementary way via hybrid models.)

Nature-based solutions (e.g. coastal protection via developing
wetlands, oyster reefs or sustainable drainage solutions) are
progressively being employed as supplements or replacements
for “grey” infrastructure (e.g. human-engineered water
management infrastructure). They provide several advantages
in addition to flood protection, including carbon sequestration,
biodiversity restoration, and recreational activities.

Figure 4: Port areas with high exposure to climate extremes

SOy Urban agglomeration Exposed assets - | Exposed assets -
current (USD bn) future (USD bn)

1 USA Miami 416.29 3513.04
2 China Guangzhou 84.17 3357.72
3 USA New York-Newark 320.2 2147.35
4 India Kolkatta 31.99 1961.44
5 China Shanghai 72.86 1771.17
6 India Mumbai 46.2 1598.05
7 China Tianjin 29.62 1231.48
8 Japan Tokyo 174.29 1207.07
9 China Hong Kong 35.94 1163.89
10 Thailand Bangkok 38.72 1117.54
11 China Ningbo 9.26 1073.93
12 USA New Orleans 233.69 1013.45
13 Japan Osaka-Kobe 215.62 968.96
14 Netherlands Amsterdam 128.33 843.7

15 Netherlands Rotterdam 114.89 825.68
16 Vietnam Ho Chi Minh City 26.86 652.82
17 Japan Nagoya 109.22 623.42
18 China Qingdao 2.72 601.59
19 USA Virginia Beach 84.64 581.69
20 Egypt Alexandria 28.46 563.28

In Europe, Middle East and Africa as well as in Asia Pacific this material is considered marketing material, but this is not the case in the U.S. No assurance can be given
that any forecast or target can be achieved. Forecasts are based on assumptions, estimates, opinions and hypothetical models which may prove to be incorrect. Past
performance is not indicative of future returns. Investments come with risk. The value of an investment can fall as well as rise and you might not get back the amount

originally invested at any point in time. Your capital may be at risk.



Deutsche Bank
Chief Investment Office

Figure 5: Possible action against climate and CO, ocean changes
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Barrier islands, vegetated dunes, coastal wetlands, mangrove
forests, and reefs are examples of natural barriers that augment
shorelines' protection, e.g. through reducing wave heights.#!
These may also be very dynamic in their responsiveness to
changes in the physical environment and may heal and
regenerate after being damaged. But such replanting and
recovery efforts can often fail due to the different criticalities in
their implementation.#2

Technology-based solutions involve a direct intervention, often
through hard protection measures, to increase coastlines’
resilience but they also include models and monitoring systems
able to prevent disasters’ occurrence through preparation and
prevention.

Such solutions may involve the construction of new
infrastructure, like flood barriers, to protect in turn other critical
infrastructures, like ports and harbours. Other “hard shoreline”
maintenance systems include breakwaters, bulkheads, and
revetments (protecting the sloping shoreline). When these
measures are not effective, relocating utility infrastructure, may
be the only option: as this reminds us, climate-related risks need
be integrated into capital improvement plans.

Another dimension in coastline protection is more accurate and
precise modelling for climate risk to help predict future flood
occurrences. Simulating sea-level rise and storm surge
phenomena will aid in the positioning and protection of vital
infrastructure. Understanding and modelling groundwater
conditions will help to guide aquifer management and predicted
water quantity and quality changes. Sewerage models can
predict the influence of wet weather infiltration on the
wastewater collecting system, as well as the capacity and
operations of treatment plants. Infiltration reduction techniques,

increased collection system capacity and offline storage are
among the possible responses.

Coastal towns throughout the world are already progressively
implementing adaptation measures. Dutch coastal
communities’ efforts are well known, including a 3,700-
kilometer network of dikes, dams, and seawalls. In this regard,
cities such as Rotterdam provide a blueprint for dealing with
sea-level rise.

Shanghai has built 520 kilometres of defensive seawalls to
lessen its vulnerability to rising sea levels.*® South East Asian
cities are also constructing sea-level rise defences. Jakarta, for
example, is building a large sea wall and plans to move 400,000
people off endangered shorelines and reservoirs.** Bangkok has
built a 2,600-kilometer canal network and a central park where
4 million litres can be absorbed by subterranean reservoirs.4°

U.S. cities are industriously investing billions of dollars to
strengthen their tolerance to rising sea levels. The New Orleans
initiative (after Hurricane Katrina killed over 1,600 people and
left 80 percent of the city flooded in 2005) is the most costly
flood-control system on earth and one of the biggest public
works projects in U.S. history.*6 Boston, Houston, Miami, New
York City, and dozens of other cities are doing the same, though
on a smaller scale.

Despite the increased focus on adaptation, it is clear that
mitigation efforts must be scaled up even further to avoid
irremediable damages. Past emissions will cause major sea level
rise in the centuries to come, irrespective of our actions. Even if
and when global warming is curbed, societies will still need to
keep adapting to better protect for increasing environmental
risks.
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Glossary

CO, is a natural gas that is also emitted as a byproduct of the combustion of fossil fuels (such as oil, gas, and coal), the combustion
of biomass, land-use changes (LUC), and industrial activities (e.g., cement production). It is the most significant human greenhouse
gas (GHG) affecting the Earth's radiative balance.

Greenhouse gases (GHG) are natural and manmade gaseous components of the atmosphere that absorb and emit radiation emitted
by the Earth's surface, the atmosphere, and clouds. This property is responsible for the greenhouse effect and the consequent
global warming.

Gross domestic product (GDP) is the monetary value of all the finished goods and services produced within a country's borders in a
specific time period.

Nature-based Solutions (NbS) are classified by IUCN as “actions to protect, sustainably manage, and restore natural or modified
ecosystems, that address societal challenges effectively and adaptively, simultaneously providing human well-being and
biodiversity benefits”.

The Organisation for Economic Co-operation and Development (OECD) has 35 member countries and has the objective of
encouraging economic progress and world trade.

USD is the currency code for the U.S. Dollar.
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Important information

General

This document may not be distributed in Canada or Japan. This document is intended for retail or professional clients only. This document is being
circulated in good faith by Deutsche Bank AG, its branches (as permitted in any relevant jurisdiction), affiliated companies and its officers and
employees (collectively, “Deutsche Bank”).

This material is for your information only and is not intended as an offer, or recommendation or solicitation of an offer to buy or sell any investment,
security, financial instrument or other specific product, to conclude a transaction, or to provide any investment service or investment advice, or to
provide any research, investment research or investment recommendation, in any jurisdiction. All materials in this communication are meant to be
reviewed in their entirety.

If a court of competent jurisdiction deems any provision of this disclaimer unenforceable, the remaining provisions will remain in full force and effect.
This document has been prepared as a general market commentary without consideration of the investment needs, objectives or financial
circumstances of any investor. Investments are subject to generic market risks which derive from the instrument or are specific to the instrument or
attached to the particular issuer. Should such risks materialise, investors may incur losses, including (without limitation) a total loss of the invested
capital. The value of investments can fall as well as rise and you may not recover the amount originally invested at any point in time. This document
does not identify all the risks (direct or indirect) or other considerations which may be material to an investor when making an investment decision.
This document and all information included herein are provided “as is”, “as available” and no representation or warranty of any kind, express, implied
or statutory, is made by Deutsche Bank regarding any statement or information contained herein or in conjunction with this document. All opinions,
market prices, estimates, forward looking statements, hypothetical statements, forecast returns or other opinions leading to financial conclusions
contained herein reflect Deutsche Bank’s subjective judgment on the date of this report. Without limitation, Deutsche Bank does not warrant the
accuracy, adequacy, completeness, reliability, timeliness or availability of this communication or any information in this document and expressly
disclaims liability for errors or omissions herein. Forward looking statements involve significant elements of subjective judgments and analyses and
changes thereto and/or consideration of different or additional factors could have a material impact on the results indicated. Therefore, actual results
may vary, perhaps materially, from the results contained herein.

Deutsche Bank does not assume any obligation to either update the information contained in this document or inform investors about available
updated information. The information contained in this document is subject to change without notice and based on a number of assumptions which
may not prove valid, and may be different from conclusions expressed by other departments within Deutsche Bank. Although the information
contained in this document has been diligently compiled by Deutsche Bank and derived from sources that Deutsche Bank considers trustworthy and
reliable, Deutsche Bank does not guarantee or cannot make any guarantee about the completeness, fairness, or accuracy of the information and it
should not be relied upon as such. This document may provide, for your convenience, references to websites and other external sources. Deutsche
Bank takes no responsibility for their content and their content does not form any part of this document. Accessing such external sources is at your
own risk. Before making an investment decision, investors need to consider, with or without the assistance of an investment adviser, whether any
investments and strategies described or provided by Deutsche Bank, are appropriate, in light of their particular investment needs, objectives,
financial circumstances and instrument specifics. When making an investment decision, potential investors should not rely on this document but only
on what is contained in the final offering documents relating to the investment. As a global financial services provider, Deutsche Bank from time to
time faces actual and potential conflicts of interest. Deutsche Bank's policy is to take all appropriate steps to maintain and operate effective
organisational and administrative arrangements to identify and manage such conflicts. Senior management within Deutsche Bank are responsible
for ensuring that Deutsche Bank’s systems, controls and procedures are adequate to identify and manage conflicts of interest. Deutsche Bank does
not give tax or legal advice, including in this document and nothing in this document should be interpreted as Deutsche Bank providing any person
with any investment advice. Investors should seek advice from their own tax experts, lawyers and investment advisers in considering investments
and strategies described by Deutsche Bank. Unless notified to the contrary in a particular case, investment instruments are not insured by any
governmental entity, not subject to deposit protection schemes and not guaranteed, including by Deutsche Bank. This document may not be
reproduced or circulated without Deutsche Bank’s express written authorisation. Deutsche Bank expressly prohibits the distribution and transfer of
this material to third parties. Deutsche Bank accepts no liability whatsoever arising from the use or distribution of this material or for any action taken
or decision made in respect of investments mentioned in this document the investor may have entered into or may enter in future.

The manner of circulation and distribution of this document may be restricted by law or regulation in certain countries, including, without limitation,
the United States. This document is not directed to, or intended for distribution to or use by, any person or entity who is a citizen or resident of or
located in any locality, state, country or other jurisdiction, where such distribution, publication, availability or use would be contrary to law or
regulation or which would subject Deutsche Bank to any registration or licensing requirement within such jurisdiction not currently met. Persons into
whose possession this document may come are required to inform themselves of, and to observe, such restrictions. Past performance is no
guarantee of future results; nothing contained herein shall constitute any representation, warranty or prediction as to future performance. Further
information is available upon investor’s request.

Kingdom of Bahrain

For Residents of the Kingdom of Bahrain: This document does not constitute an offer for sale of, or participation in, securities, derivatives or funds
marketed in Bahrain within the meaning of Bahrain Monetary Agency Regulations. All applications for investment should be received and any
allotments should be made, in each case from outside of Bahrain. This document has been prepared for private information purposes of intended
investors only who will be institutions. No invitation shall be made to the public in the Kingdom of Bahrain and this document will not be issued,
passed to, or made available to the public generally. The Central Bank (CBB) has not reviewed, nor has it approved, this document or the marketing
of such securities, derivatives or funds in the Kingdom of Bahrain. Accordingly, the securities, derivatives or funds may not be offered or sold in
Bahrain or to residents thereof except as permitted by Bahrain law. The CBB is not responsible for performance of the securities, derivatives or
funds.

State of Kuwait
This document has been sent to you at your own request. This presentation is not for general circulation to the public in Kuwait. The Interests have
not been licensed for offering in Kuwait by the Kuwait Capital Markets Authority or any other relevant Kuwaiti government agency. The offering of
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the Interests in Kuwait on the basis a private placement or public offering is, therefore, restricted in accordance with Decree Law No. 31 of 1990 and
the implementing regulations thereto (as amended) and Law No. 7 of 2010 and the bylaws thereto (as amended). No private or public offering of the
Interests is being made in Kuwait, and no agreement relating to the sale of the Interests will be concluded in Kuwait. No marketing or solicitation or
inducement activities are being used to offer or market the Interests in Kuwait.

United Arab Emirates

Deutsche Bank AG in the Dubai International Financial Centre (registered no. 00045) is regulated by the Dubai Financial Services Authority.
Deutsche Bank AG -DIFC Branch may only undertake the financial services activities that fall within the scope of its existing DFSA license. Principal
place of business in the DIFC: Dubai International Financial Centre, The Gate Village, Building 5, PO Box 504902, Dubai, U.A.E. This information has
been distributed by Deutsche Bank AG. Related financial products or services are only available to Professional Clients, as defined by the Dubai
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
businessin 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 fiir 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 businessin 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 fir 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 fiir
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’ltalia 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 Anénima Espafiola 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 Anénima Espafiola 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 Anénima Espaiiola.

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.
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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), SonnemannstraBe 22, 60314 Frankfurt am Main, Germany and by
the Federal Financial Supervisory Authority (BaFin), Graurheindorfer StraBe 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.

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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