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Greening the financial system and the role of

central banks

Observations on central banks and the Network for Greening the Financial System

Over the last four years, central banks, regulators for banks,
pension funds and insurance companies have become the
new key actors accelerating the financial sectors’ focus on
sustainable and responsible investing.

Climate change has, and will continue to be a key area of
focus given the potential risks it poses to financial stability.
Central banks have largely been focused on encouraging
disclosure among corporates and investors as it relates to
climate risk and hence supporting the work of the Task
Force for Climate-related Financial Disclosure (TCFD).

Beyond encouraging improved disclosure, we suggest that
there is more that central banks can do to support the low-
carbon transition and the Sustainable Development Goals
without compromising their mandates. This could be in the
form of monetary policy settings, building the evidence base
for differentiated capital and reserve requirement ratios, and
establishing responsible investment frameworks for central

bank balance sheets, reserves and their own pension funds.

The expansion in central bank balance sheets, the surge in
official foreign exchange holdings, most notably among EM
central banks, as well as the adoption of more innovative
investment strategies by central banks may provide an
opportunity for more direct ESG and climate risk related
investment strategies.

We suggest that developed market central banks could
support their emerging market counter-parts by leading, by
example through implementing responsible investment
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frameworks for their reserves and pensions. For instance,
central banks could become signatories to the Principles for
Responsible Investing (PRI), require ESG integration in
funds/benchmarks, and expect investee and government
engagement. In addition, the improvements in climate risk
data also permits a more robust integration of physical as
well as transition risk into investment portfolios.

The increasing popularity of passive indices and specifically
ESG and low carbon investing provides an easy first step for
shifting a portfolio towards responsible investment.

Finally, the debate on a ‘green supporting factor/brown
penalising factor’ in capital reserve requirements is likely to
continue for some time. However, we believe the idea of a
green supporting factor for green mortgages is logically
compelling and deserves more research. For instance,
central banks could examine how they could support the
creation of standardised energy efficient mortgages, which
could lead to green asset backed bonds. This could provide
the evidence basis for considering a ‘green supporting
factor’. A ‘grey penalising factor’ could be considered due to
the need to quickly cut emissions.

We believe, the establishment of the Network for Greening
the Financial System (NGFS) and central banks’ track
record in promoting best practises, places them in a unique
position to influence broader financial market behaviors and
accelerate the transition to a more socially and
environmentally sustainable economy and financial system.

Murray Birt
Senior ESG Strategist
Murray.Birt@dws.com

For Qualified Investors (Art. 10 Para. 3 of the Swiss Federal Collective Investment Schemes Act (CISA).
For Professional Clients (MiFID Directive 2014/65/EU Annex Il) only. For Institutional investors only.

Further distribution of this material is strictly prohibited.


mailto:Michael.Lewis@dws.com
mailto:Murray.Birt@dws.com

7.11.2018 / Opinion GLOBAL RESEARCH INSTITUTE

The context for central banks’ role in greening
the financial sytem

Identifying and addressing barriers to financing sustainable development.

Introduction

Achieving the Paris climate agreement and meeting the objectives of the United Nations’ Sustainable Development Goals
(SDGs) will require significant private and public sector investment. The OECD estimates that USD95 trillion of investment
will be required between 2016 and 2030 in energy, transport, water and telecommunications infrastructure, or around
USD6.3 trillion per annum, Figure 1. This compares with current annual infrastructure spending of between USD3.4-4.4
trillion. Inevitably the nature of these investments, such as low or high carbon energy systems, will determine future growth
and prosperity as well as the level of climate change impacts. The following table is only a partial estimate of the capital
necessary for meeting the SDGs.

FIGURE 1. SUSTAINABLE INFRASTRUCTURE INVESTMENT REQUIREMENTS

Annual average Cumulative

Energy supply Renewable power generation, transmission 0.7 11.2
and distribution

Fossil fuel supply chain 1.0 14.3

Energy efficiency 0.4 6.6

Transport infrastructure Road 2.1 31.8

Rail 0.4 4.6

Airports and ports 0.2 2.7

Water and Sanitation 0.9 13.6

Telecoms 0.6 8.3

Total 6.3 94.9

USD 2015 trillion

Source: OECD (May 2017). Investing in Climate, Investing in Growth

As a result, a significant green investment gap exists currently. Up until now the success of government policy to encourage
the low carbon transition, for example through carbon pricing schemes has been disappointing.

Note that the OECD estimates are based on scenarios from the International Energy Agency, which have been criticized for
not fuly representing the energy system changes necessary for meeting the Paris Agrement goals. As well, previous IEA
scenarios have widely underestimated the acceleration of renewable energy investment and technology cost reductions (Oil
Change International 2017).

In 2014, UN Environment established the “Inquiry into the Design of a Sustainable Financial System” to advance options to
improve the financial system’s effectiveness in mobilizing capital towards a green and inclusive economy. Over its four years
of operation, the Inquiry engaged with financial institutions, policy makers, regulators and civil society in more than 20
countries, produced over 120 reports and briefings. The Inquiry is credited with playing a key role to place sustainable
development firmly on the agenda of financial policy makers and financial institutions like central banks. Indeed, one of the
discussion papers published by the Inquiry focused on the role of central banks.
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One observation from the Inquiry’s final report stated:
“At the outset, it would have been a challenge to find a small handful of financial regulators or central bank
governors willing to go on record that “sustainable development was part of their business”. Today, four years
later, it would be hard to find one who would go on record to say that their work had nothing to do with
sustainable development, although there is much to be done in converting such developments into practice”
(Inquiry April 2018).

There are now many more initiatives and policies that aim to create more coordinated efforts to mainstream sustainable
finance. In this regard, the role of central banks and finance ministries, in breaking down barriers and accelerating
investment in environmental and social challenges is critical. Central banks in particular act as important role models within
the financial system. Indeed we suggest that central banks’ macro- and micro-prudential activities could be even more
efficiently deployed to promote sustainable finance. This could be particularly relevant in emerging markets where
environmental risk, and hence the threat to financial stability, tends to be more elevated.

With the establishment of the Network for Greening the Financial System (NGFS), we believe that central banks are aiming
to build on their long-track record of collaboration and promoting best practise and this places them in a unique position to
influence broader financial market behaviours. However, and in spite of their more activist role since the global financial
crisis, we believe that central banks are only starting their efforts to accelerate a “just transition” to a greener and more
sustainable financial system and real economy. This explains why more research is focused in this area.

In this paper, we assess the expanding role of central bank mandates to include financial stability and specifically the
systemic risks posed by climate change and other sustainability issues. While there has been increasing attention on greater
disclosure of financial institutions exposure to climate change related shocks, we explore the various policy choices certain
central banks have adopted in recent years and the extent to which these promote, or otherwise, the low-carbon transition.
We then assess the extent to which central banks can adopt ESG into their investment approach and specifically as they
relate to their balance sheet and FX reserve management strategies.

Central bank mandates

From targeting full employment, price and exchange rate stability, central bank mandates are
encompassing financial stability and specifically as it relates to climate risk

The functions of a central bank include setting monetary policy, the smooth functioning of payment system operations,
banking supervision and lender of last resort. In terms of the mandates a central bank can pursue, these encompass
objectives such as high or full employment, exchange rate targeting as well as long-term price and financial stability.
Naturally central bank mandates have evolved over time, and tend to be a function of prevailing economic and political
conditions.

In the Great Moderation period between the mid-1980s and 2007, central banks prioritized price stability which become self-
reinforcing as business cycle volatility declined and inflation was brought under control. However, following the global
financial crisis, central banks have adopted non-conventional monetary policies.

Central banks have a critical role to play in safeguarding financial stability since financial instability can have significant
implications for economic growth, price stability and the monetary policy transmission process. In addition, central banks are
the ultimate source of liquidity for the economy, and appropriate liquidity provision is crucial to financial stability.

Central bank interventions to preserve financial stability can encompass a variety of measures such as the Fed'’s role after
the Long-Term Capital Management (LTCM) collapse in 1998, the European Central Bank’s role in the Eurozone sovereign
debt crises, global central banks’ unprecedented emergency loans to investment banks during the Global Financial Crisis
and a central bank’s role in a domestic currency crisis.
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The next evolution of central banks’ role is now related to new dimensions of risk and opportunities related to climate change
and the SDGs. Climate change and the SDGs represent economically and socially material risks and opportunities for
investors and society at both a macro and micro level, as shown in Figure 2.

FIGURE 2. MACRO AND MICRO RISKS AND OPPORTUNITIES LINKED TO CLIMATE CHANGE AND THE UNITED NATGIONS’
SUSTAINABLE DEVELOPMENT GOALS

Risks Opportunities
Macro Failing to achieve climate change emission reduction Achieving the SDGs will be a key
goals and the SDGs will create macro financial risks driver of global GDP growth over the
for large institutional, universal owner investors next decade and beyond
Micro Climate change and the SDGs provide a forward Companies moving towards
looking risk framework for specific industries, sustainable business models are a
companies, geographies and countries. i.e. the SDGs clear investment opportunity

forecast future government policy making and
stakeholder/societal requirements and expectactions

Source: PRI (September 2017)

Bank of England Governor Mark Carney'’s identification of the potential financial stability risks of climate change, clearly
identifies macro risks. Specifically, climate risks come in the form of:

@) Physical risk and the impact of extreme weather events on households, firms and the broader economy

(ii) Transition risk such that financial valuations of investments could be re-priced to account for the
transition to a low carbon economy. This revaluation risk is also in danger of being aggravated by
technological change and changes in consumer preferences and market norms.

(iii) Liability risk and seeking compensation from those responsible for the causes of climate change

Macro opportunities can be seen in the analysis from the CEO led Business and Sustainable Development Commission’s
‘Better Business, Better World’ report (BSDC 2017) which identified USD12 trillion of economic growth opportunities around
the SDGs by 2030, or more than 10% of global output. More than 50% of this opportunity located in developing countries
and the value of the market opportunity could be 40% higher if environmental externalities like climate change were truly
accounted for. Achieving the SDGs could also create 380m new jobs by 2030, 90% of which in developing countries.

FTSE Russell (June 2018) estimates that there are now some 3,000 listed companies that have some revenue exposure to
a broad definition of the green economy (products & services related to renewables, energy efficiency, water, waste and
pollution reduction). The number of companies has grown 20% since 2009 and represents 6% of the listed equity market — a
similar size to the oil and gas sector. Accelerating green investment could see the green economy come to rival the size of
the global health care industry.

Central bank FX reserve management and
balance sheet expansion

Supporting a green and sustainable financial system and real economy

Over the past two decades, world official foreign exchange reserve holdings have increased six-fold in nominal US dollar
terms and trebled as a share of world GDP, Figure 3. As of June 2018, world FX reserve holdings stood at USD11.8 trillion,
of which approximately two-thirds were held by emerging market countries. Central banks and their reserve holdings
therefore play an important role in the global financial system.

In comparison, the number of signatories to the Principles for Responsible Investment has reached over 1,900 and in terms
of combined assets under management amount to USD81.7 trillion as of April 2018 (PRI April 2018).
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FIGURE 3. OFFICIAL WORLD FOREIGN EXCHANGE RESERVE HOLDINGS TOTAL AND A SHARE OF WORLD GDP
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Source: IMF, World Bank, Bloomberg Finance, 2017

The significant growth in FX reserves can be traced back to the 1997 Asian financial crisis and the Russian sovereign
default a year later. A further acceleration in reserve growth occurred after the 2007-09 global financial crisis. Part of the
motivations of this reserve accumulation was to provide heightened levels of protection in the event of future economic and
financial shocks with reserve growth aided by a strong depreciation in EM currencies against the US dollar, which fuelled
export led recoveries.

Not surprisingly the increased level of official FX reserves alongside a collapse in global interest rates in more recent years
has led central banks, most notably across emerging market countries, to consider and in many instances adopt a more
active role in the management of their FX reserves. A larger pool of FX reserves to deploy alongside the search for yield has
meant central banks are adopting more innovative investment strategies that could be considered to be comparable to
traditional institutional investors. In certain instances, this is leading to the increasing reliance of specialist external asset
managers to gain access to asset classes where in-house expertise in lacking (RBA, March 2018).

The use of external managers and the integration of ESG into central banks own-account investments is already occurring to
some degree but its widespread adoption should be encouraged. For example, the Dutch central bank states that it aims to
integrate international ESG aspects in the implementation of our investment policy and believe that targets for returns on
investment should go hand in hand with socially responsible investment (De Nederlandsche Bank 2017). A similar approach
is pursued by the Banque de France. In July 2018, the Bank of Finland also announced that it was applying new responsible
investment standards to its own assets (Responsible Investor July 2018).

The financial crisis has also led to the appearance of non-conventional monetary policies such as quantitative easing.
Central bank asset purchases across a wide range of asset classes, such as equities, sovereign and corporate bonds, has
led to the rapid expansion of central bank balance sheets, Figure 4.

FIGURE 4. THE GROWTH IN CENTRAL BANK BALANCE SHEETS SINCE 2007
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Source: Bloomberg Finance, 2017
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Work conducted by the Grantham Research Institute/London School of Economics (LSE) in 2017 reveals how the European
Central Bank’s Corporate Sector Purchase Programme and the Bank of England’s Corporate Bond Purchase Programme
have been skewed to high carbon issuers and as a result cannot be considered market neutral.

The LSE’s investigations revealed that:

e As of April 2017, the ECB had accumulated EUR75 billion worth of corporate bonds, yet 62.1% of ECB corporate
bond purchases were from issuers in the manufacturing and electricity sectors; sectors which are responsible for
58.5% of Eurozone greenhouse gas emissions, but, only 18% of Gross Value Add (GVA)

e Interms of the Bank of England’s Corporate Bond Purchase Programme, almost 50% of the Bank’s purchases
were from issuers in the manufacturing and electricity sectors, generating 52% of GHG emissions, but, providing
just 11.8% of GVA

This opens up the discussion on how to grow the climate-aligned and green bond market as well as examining the carbon
intensity of ECB (and other central bank) eligible securities. While the scale of QE programmes is being scaled back and
withdrawn in certain countries, central banks could consider how QE programmes could specifically target green
sectors/green bonds as well as going beyond their typical holdings of government bonds into other asset classes such as
equities, as part of a broader diversification and return generation strategy.

Central banks and ESG- and climate-related
risks and opportunities

Central bank leadership and the role of emerging markets

To date, the main areas of focus for central banks when it comes to ESG and climate change has been in encouraging
disclosure among corporates and investors as it relates to climate risk and hence supporting the work of the Task Force for
Climate-related Financial Disclosure (TCFD).

While there have been a few high profile sovereign wealth funds such as Norway’s Norges Bank Investment Management,
New Zealand’s Superannuation Fund and Singapore’s GIC integrating sustainability into their investment process, this
activity has not occurred to any great degree across the central banking community.

As the largest holders of foreign exchange reserves, emerging market central banks have an important role to play when it
comes to greening the financial system not least since emerging market countries are particularly exposed to extreme
weather events and the accompanying financial stability risks.

China is an interesting example in this regard and the progress it has made since the establishment of its Green Finance
Taskforce in 2014. Their recommendations were adopted by the Central Council in 2015 which translated into green
financial guidelines in 2016, the same year China become the largest green bond issuer. China’s focus has included
measures to support factors boosting green products with the help of price incentives and raising the costs associated with
polluting projects.

We find that many central banks, particularly in emerging markets, are also acting with other institutions to accelerate
sustainable investment.

We suggest that central banks have a role in coordinating and encouraging other activities relevant to greening the financial
systems. For instance, the Sustainable Insurance Forum (SIF) was formed to facilitate best practice exchange amongst
twenty insurance regulators.

In terms of disclosure, many stock exchanges around the world are encouraging sustainability reporting. The aim is to
improve corporate transparency, strengthen risk management and promote both stakeholder engagement and
communication. Currently 38 exchanges around the world provide ESG guidance, with a further 10 committed to publish and
the remaining 40 having currently no guidance intentions.

The World Federation of Exchanges (WFE) provides ESG recommendations and guidance for its members and they
specifically recommend 34 key indicators that can be incorporated into stock exchange listing disclosures.
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Adopting ESG best practise & filling the
sustainable investment gap

Actions that central banks could consider

The increasing number of asset owner and asset manager signatories to the Principles for Responsible Investment reveals
the growing acceptance that integrating ESG and sustainability into the investment process leads to better long-run financial
performance. According to the PRI, assets managed in accordance with ESG criteria had reached USD81.7 trillion in 2018,
Figure 5.

FIGURE 5. SIGNATORIES TO THE PRINCIPLES FOR RESPONSIBLE INVESTMENT BY NUMBER AND TOTAL ASSETS UNDER
MANAGEMENT
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Source: PRI (April 2018)

One of the key ways that central banks could accelerate responsible investing by:
e becoming signatories to the PRI,
e encouraging asset managers to deepen their approach to responsible investing by prioritising reserve and pension
fund management by managers with top credentials
e incorporating ESG expectations into investment management agreements, particularly around investee
engagement
e creating an ESG specific portfolio or benchmark.

The PRI provides detailed guidance and assistance for creating a responsible investing strategy as well as ESG integration
guidance across different asset classes.

Thanks to improved levels of transparency and the increasing breadth of reporting on extra-financial factors from companies,
there has never been more data from which to assess ESG metrics. Indeed a number of specialised data vendors including
Sustainalytics, Oekom and MSCI offer wide coverage across multiple ESG facets.

Leveraging these resources, DWS has built the ESG Engine, which combines data from seven specialist ESG providers
alongside that from NGOs and other publicly available sources, Figure 6. The ESG Engine covers over 3,000 data fields,
allowing sector and norms screening of more than 13,000 issuers in the developed and emerging world across listed equity
and fixed income.
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FIGURE 6. DWS’ ESG ENGINE — BUILDING SOLUTIONS
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Such comprehensive coverage has allowed the development of our proprietary ESG rating system. This leverages the
multiple information sources of the ESG Engine to take a 360 degree view of companies and sovereigns, and looks for
consensus across the different ESG agency scores in order to build a more informed rating system. This rating approach
can therefore be used to assess the ESG quality of an investment portfolio.

In addition, it also provides the ability to create bespoke investor strategies such as sector screens, norms based screens
and sovereign screens. In terms of implementation approaches, these can range from exclusions, best-in-class or thematic.
Both investment strategies and implementations approaches can also be standardized, customized or combined.

Other areas of work we have conducted using the ESG Engine include calculating ESG fund ratings, establishing minimum
ESG standards and tracking ESG index performance relative to parent benchmarks.

Since so many decision variables exist when constructing an ESG portfolio, we can investigate the inherent trade-off
between improving the ESG quality of a portfolio and the increased tracking error generated versus its benchmark. Our
analysis, shown in Figure 7, reveals that relatively strong composite ESG scoring gains are possible for relatively limited
increases in ex-ante tracking error. This is especially true when we consider that 0.18% of tracking error is introduced into a
MSCI World solely by the controversial weapons exclusion. From here, we find that a 0.90% tracking error portfolio moves
up our ESG rating grade from C to B, and a 2.30% tracking error portfolio moves up to a best-in-class A rating (DWS, July
2018).

FIGURE 7. IMPROVEMENT IN PORTFOLIO ESG SCORE COMPARED TO TRACKING ERROR TRADE-OFF
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Building resilience to low-carbon transition risk and seizing green investment opportunities

Moving beyond measuring and improving the ESG quality of a portfolio, central banks could also measure the specific
climate risks within their portfolios and from there build a more climate resilient investment approach. Thus far investors’
approach to boosting climate resilience has typically involved measuring the carbon emissions of issuers in their investment
portfolio. This carbon foot-printing exercise can be a starting point for assessing the transition risk of a portfolio however it
fails to take into account all aspects of transition risk as well as the physical risks of climate change, such as sea level rise,
droughts, flooding and cyclones. These, in our mind, pose a far more immediate threat to investment portfolios. A number of
low-carbon transition risk assessment methodologies are emerging for investors.

Physical climate risk

To address physical climate risk, a number of data providers have started to map the physical locations of corporate facilities
around the world alongside climate models. This allows data users to identify both the geographic exposure to climate
hazards of individual companies, but, also the business sensitivity of facilities or companies to those hazards. In or view, this
delivers powerful results.

For instance, such data can allow investors to more closely link an extreme weather event with financial performance. One
example of the impact of an extreme weather event on portfolio performance can be seen in the extreme floods that
occurred in Thailand in 2011. With a large number of industrial parks in the country under water, around a quarter of the
world’s hard drive production capacity was disrupted. This had significant financial impacts on the Korean electronics sector
such that those companies with a higher concentration of their supply chain in Thailand posted a disproportionate decline in
their share price.

Understanding the linkages between extreme weather events and financial market performance is a welcome development
since it makes it possible to create new equity and credit indices that aim to better reflect the true risk to asset prices. This
fills a major gap in the market when it comes to mapping physical climate risk and integrating these risks into the investment
process. Indeed we are working to create investment products that reduce investors’ exposure to companies with the
highest physical and transition climate risks.

Like physical climate risk, data enhancements are also assisting in developing more sophisticated investment solutions such
as carbon asset risk stress testing and climate scenario analysis. For example, the 2 Degrees Investing Initiative was
commissioned by the California Insurance Commissioner and Swiss government to assess low-carbon transition risk in
insurance and pension fund investment portfolios.

Green supporting factor, green asset backed securities & brown penalising factors

One of the approaches to establish and promote a green finance market in China has been through differentiating reserve
and capital ratio requirements that reflect the carbon intensity of the activity being financed. In the developed world, the
debate on a ‘green supporting factor/brown penalising factor’ in capital reserve requirements will likely continue for some
time.

We think that the idea of a green supporting factor for green mortgages is interesting and logically compelling. European
Bank regulators could help make the European Energy Efficient Mortgage Action Plan (EEMAP) pilot initiative a success by
encouraging more mortgage banks to participate and existing participants to devote sufficient staff and oversight attention to
engaging with the mortgage supply chain.

More banks could also be encouraged to start green tagging their loan book. EM central banks could assess creating similar
pilot initiatives in their countries in combination with ‘on-bill’ energy efficient loan repayment mechanisms. Central bank
support in this area could contribute to developing the evidence for assessing the merits of a green supporting factor and
help build a green mortgage industry and green mortgage securities.
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DWS’ profile and capabilities

Enabling our clients to contribute to a sustainable future by incorporating environmental,
social and governance factors into our global investment process across asset classes

DWS is one of the world's leading investment organizations, with EUR 687 billion of assets under management as of June
30, 2018. We offer individuals and institutions, traditional and alternative investment services across all major asset classes.
DWS was listed on the Frankfurt Stock Exchange in March 2018, following Deutsche Bank’s market floatation of the

Deutsche Asset Management division and our re-branding to DWS.

Our track record in responsible and sustainable investing spans more than twenty years, dating back to our first participation
in company annual meetings in Germany and the creation of our first impact investing fund in the area of micro-finance.

In February 2008, DWS became the 75th signatory to the PRI, which now has over 2,000 signatories. We were also one of
the first major investors to publish thematic reports on climate change for our clients, starting in October 2007.

Over the past five years, and amongst the largest asset managers, we have the strongest track-record voting in favour of

climate related AGM resolutions in the US!. For the past decade, DWS has consistently supported the annual letter from
investors that calls on governments to strengthen their climate policies.
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Important information — UK
FOR PROFESSIONAL CLIENTS ONLY

Issued in the UK by Deutsche Asset Management (UK) Limited. Deutsche Asset Management (UK)
Limited is authorised and regulated by the Financial Conduct Authority.

This document is a “non-retail communication” within the meaning of the FCA's Rules and is directed
only at persons satisfying the FCA'’s client categorisation criteria for an eligible counterparty or a
professional client. This document is not intended for and should not be relied upon by a retail client.

This document is intended for discussion purposes only and does not create any legally binding
obligations on the part of DWS Group GmbH & Co. KGaA and/or its affiliates (“DWS”).This material
was not produced, reviewed or edited by the Research Department, except where specific documents
produced by the Research Department have been referenced and reproduced above. Without
limitation, this document does not constitute an offer, an invitation to offer or a recommendation to
enter into any transaction. When making an investment decision, you should rely solely on the final
documentation relating to the transaction and not the summary contained herein. DWS is not acting
as your financial adviser or in any other fiduciary capacity in relation to this Paper. The transaction(s)
or products(s) mentioned herein may not be appropriate for all investors and before entering into any
transaction you should take steps to ensure that you fully understand the transaction and have made
an independent assessment of the appropriateness of the transaction in the light of your own
objectives and circumstances, including the possible risks and benefits of entering into such
transaction. For general information regarding the nature and risks of the proposed transaction and
types of financial instruments please go to https://www.db.com/company/en/risk-disclosures.htm. You
should also consider seeking advice from your own advisers in making this assessment. If you decide
to enter into a transaction with DWS, you do so in reliance on your own judgment,

Although information in this document has been obtained from sources believed to be reliable, we do
not guarantee its accuracy, completeness or fairness, and it should not be relied upon as such. All
opinions and estimates herein, including forecast returns, reflect our judgment on the date of this
report and are subject to change without notice and involve a number of assumptions which may not
prove valid.

Any projections are based on a number of assumptions as to market conditions and there can be no
guarantee that any projected results will be achieved. Past performance is not a guarantee of future
results. Any opinions expressed herein may differ from the opinions expressed by other DWS
departments including DWS Research. DWS may engage in transactions in a manner inconsistent
with the views discussed herein. DWS trades or may trade as principal in the instruments (or related
derivatives), and may have proprietary positions in the instruments (or related derivatives) discussed
herein. DWS may make a market in the instruments (or related derivatives) discussed herein. You
may not distribute this document, in whole or in part, without our express written permission.

DWS SPECIFICALLY DISCLAIMS ALL LIABILITY FOR ANY DIRECT, INDIRECT,
CONSEQUENTIAL OR OTHER LOSSES OR DAMAGES INCLUDING LOSS OF PROFITS
INCURRED BY YOU OR ANY THIRD PARTY THAT MAY ARISE FROM ANY RELIANCE ON THIS
DOCUMENT OR FOR THE RELIABILITY, ACCURACY, COMPLETENESS OR TIMELINESS
THEREOF.

Any reference to “DWS”, “Deutsche Asset Management” or “Deutsche AM” shall, unless otherwise
required by the context, be understood as a reference to Deutsche Asset Management (UK) Limited
including any of its parent companies, any of its or its parents affiliates or subsidiaries and, as the
case may be, any investment companies promoted or managed by any of those entities.

This document has been prepared without consideration of the investment needs, objectives or
financial circumstances of any investor. Before making an investment decision, investors need to
consider, with or without the assistance of an investment adviser, whether the investments and
strategies described or provided by DWS, are appropriate, in light of their particular investment needs,
objectives and financial circumstances. Furthermore, this document is for information/discussion
purposes only and does not constitute an offer, recommendation or solicitation to conclude a
transaction and should not be treated as giving investment advice.
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DWS does not give tax or legal advice. Investors should seek advice from their own tax experts and
lawyers, in considering investments and strategies suggested by DWS. Investments with DWS are
not guaranteed, unless specified. Unless notified to the contrary in a particular case, investment
instruments are not insured by the Federal Deposit Insurance Corporation (“FDIC”) or any other
governmental entity, and are not guaranteed by or obligations of DWS or its affiliates.

Investments are subject to various risks, including market fluctuations, regulatory change,
counterparty risk, possible delays in repayment and loss of income and principal invested. The value
of investments can fall as well as rise and you may not recover the amount originally invested at any
point in time. Furthermore, substantial fluctuations of the value of the investment are possible even
over short periods of time.

This publication contains forward looking statements. Forward looking statements include, but are not
limited to assumptions, estimates, projections, opinions, models and hypothetical performance
analysis. The forward looking statements expressed constitute the author’s judgment as of the date of
this material. 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. No representation or warranty is made by DWS as to the
reasonableness or completeness of such forward looking statements or to any other financial
information contained herein. The terms of any investment will be exclusively subject to the detailed
provisions, including risk considerations, contained in the Offering Documents. When making an
investment decision, you should rely on the final documentation relating to the transaction and not the
summary contained herein.

This document may not be reproduced or circulated without our written authority. The manner of
circulation and distribution of this document may be restricted by law or regulation in certain countries.
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 DWS to any registration or licensing requirement within such jurisdiction not currently met
within such jurisdiction. 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 or warranty as to future performance.

© Deutsche Asset Management (UK) Limited 2018. All information as of November 2018 unless
otherwise stated.

Important information — EMEA

Deutsche Asset Management is the brand name of the Asset Management division of the Deutsche
Bank Group. The respective legal entities offering products or services under the Deutsche Asset
Management brand are specified in the respective contracts, sales materials and other product
information documents. Deutsche Asset Management, through Deutsche Bank AG, its affiliated
companies and its officers and employees (collectively “Deutsche Bank”) are communicating this
document in good faith and on the following basis.

This document has been prepared without consideration of the investment needs, objectives or
financial circumstances of any investor. Before making an investment decision, investors need to
consider, with or without the assistance of an investment adviser, whether the investments and
strategies described or provided by Deutsche Bank, are appropriate, in light of their particular
investment needs, objectives and financial circumstances. Furthermore, this document is for
information/ discussion purposes only and does not constitute an offer, recommendation or solicitation
to conclude a transaction and should not be treated as giving investment advice.

Deutsche Bank does not give tax or legal advice. Investors should seek advice from their own tax
experts and lawyers, in considering investments and strategies suggested by Deutsche Bank.
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Investments with Deutsche Bank are not guaranteed, unless specified. Unless notified to the contrary
in a particular case, investment instruments are not insured by the Federal Deposit Insurance
Corporation (“FDIC”) or any other governmental entity, and are not guaranteed by or obligations of
Deutsche Bank AG or its affiliates.

Past performance is no guarantee of current or future performance. Nothing contained herein shall
constitute any representation or warranty as to future performance.

Investments are subject to various risks, including market fluctuations, regulatory change,
counterparty risk, possible delays in repayment and loss of income and principal invested. The value
of investments can fall as well as rise and you may not recover the amount originally invested at any
point in time. Furthermore, substantial fluctuations of the value of the investment are possible even
over short periods of time.

This publication contains forward looking statements. Forward looking statements include, but are not
limited to assumptions, estimates, projections, opinions, models and hypothetical performance
analysis. The forward looking statements expressed constitute the author’s judgment as of the date of
this material. 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. No representation or warranty is made by Deutsche Bank as to the
reasonableness or completeness of such forward looking statements or to any other financial
information contained herein. The terms of any investment will be exclusively subject to the detailed
provisions, including risk considerations, contained in the Offering Documents. When making an
investment decision, you should rely on the final documentation relating to the transaction and not the
summary contained herein. This document may not be reproduced or circulated without our written
authority. The manner of circulation and distribution of this document may be restricted by law or
regulation in certain countries. 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 within such jurisdiction. Persons into whose possession this
document may come are required to inform themselves of, and to observe, such restrictions.

Important Information — APAC

DWS is the brand name of DWS Group GmbH & Co. KGaA. The respective legal entities offering
products or services under the DWS brand are specified in the respective contracts, sales materials
and other product information documents. DWS Group GmbH & Co. KGaA, its affiliated companies
and its officers and employees (collectively “DWS Group”) are communicating this document in good
faith and on the following basis.

This document has been prepared without consideration of the investment needs, objectives or
financial circumstances of any investor. Before making an investment decision, investors need to
consider, with or without the assistance of an investment adviser, whether the investments and
strategies described or provided by DWS Group, are appropriate, in light of their particular investment
needs, objectives and financial circumstances. Furthermore, this document is for
information/discussion purposes only and does not constitute an offer, recommendation or solicitation
to conclude a transaction and should not be treated as giving investment advice.

DWS Group does not give tax or legal advice. Investors should seek advice from their own tax
experts and lawyers, in considering investments and strategies suggested by DWS Group.
Investments with DWS Group are not guaranteed, unless specified.

Investments are subject to various risks, including market fluctuations, regulatory change, possible
delays in repayment and loss of income and principal invested. The value of investments can fall as
well as rise and you might not get back the amount originally invested at any point in time.
Furthermore, substantial fluctuations of the value of the investment are possible even over short
periods of time. The terms of any investment will be exclusively subject to the detailed provisions,
including risk considerations, contained in the offering documents. When making an investment
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decision, you should rely on the final documentation relating to the transaction and not the summary
contained herein. Past performance is no guarantee of current or future performance. Nothing
contained herein shall constitute any representation or warranty as to future performance.

Although the information herein has been obtained from sources believed to be reliable, DWS Group
does not guarantee its accuracy, completeness or fairness. No liability for any error or omission is
accepted by DWS Group. Opinions and estimates may be changed without notice and involve a
number of assumptions which may not prove valid. All third party data (such as MSCI, S&P, Dow
Jones, FTSE, Bank of America Merrill Lynch, Factset & Bloomberg) are copyrighted by and
proprietary to the provider. DWS Group or persons associated with it may (i) maintain a long or short
position in securities referred to herein, or in related futures or options, and (ii) purchase or sell, make
a market in, or engage in any other transaction involving such securities, and earn brokerage or other
compensation.

The document was not produced, reviewed or edited by any research department within DWS Group
and is not investment research. Therefore, laws and regulations relating to investment research do
not apply to it. Any opinions expressed herein may differ from the opinions expressed by other DWS
Group departments including research departments. This document may contain forward looking
statements. Forward looking statements include, but are not limited to assumptions, estimates,
projections, opinions, models and hypothetical performance analysis. The forward looking statements
expressed constitute the author’s judgment as of the date of this material. 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. No
representation or warranty is made by DWS Group as to the reasonableness or completeness of such
forward looking statements or to any other financial information contained herein.

This document may not be reproduced or circulated without DWS Group’s written authority. The
manner of circulation and distribution of this document may be restricted by law or regulation in
certain countries, including 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, including the United
States, where such distribution, publication, availability or use would be contrary to law or regulation
or which would subject DWS Group to any registration or licensing requirement within such
jurisdiction not currently met within such jurisdiction. Persons into whose possession this document
may come are required to inform themselves of, and to observe, such restrictions.

Important information — U.S.
For institutional client and registered representative use only. Not for public viewing or distribution.

For purposes of ERISA and the Department of Labor’s fiduciary rule, we are relying on the
sophisticated fiduciary exception in

marketing our services and products through intermediary institutions, and nothing herein is intended
as fiduciary or impartial

investment advice.

The brand DWS represents DWS Group GmbH & Co. KGaA and any of its subsidiaries such as DWS
Distributors, Inc., which

offers investment products, or DWS Investment Management Americas, Inc. and RREEF America
L.L.C. which offer advisory

services.

All opinions and forecasts are as of the date of this document, subject to change at any time and may
not come to pass.

This document may not be reproduced or circulated without our written authority.
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Environmental, social responsibility and corporate governance (ESG) related strategies seek to
provide U.S. investors with access to assets that meet responsible investment criteria without
sacrificing investment returns. Although we strive to incorporate an ESG criterion, as one of many
other criteria, in our investment analysis, Deutsche Investment Management Americas Inc. (DIMA) is
a fiduciary and will act in the best interests of the client and investment account. Thus, DIMA's
investment team will not sacrifice performance for ESG investments unless specifically required by a
client's investment guidelines.

DWS developed an ESG engine, which is our proprietary software that aggregates data from multiple
third-party commercial providers of ESG data, as well as data from several non-governmental
organizations, to arrive at various ESG solutions (e.g., assignments of ratings to investment positions
and sovereigns). The ESG engine is operated by Deutsche Asset Management International GmbH, a
German affiliate of DIMA, a U.S. registered investment adviser. DIMA's portfolio managers have
access to ESG solutions produced by such German affiliate and may use such ESG solutions in
managing client accounts. Please see Part Il of the adviser's Form ADV for additional information
regarding ESG issues.

Global Compliance Code 062618 (11/18)
U.S. Compliance Code: 062527-1 (11/18)



