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Making sense of carbon price forecasting

The predictive power of commodity analysts and forward curves

IN A NUTSHELL

— Over the past few years, carbon markets have captured increasing attention. This
has been accompanied by a number of investable products emerging. Even so
investors remain confused as to what lies ahead. We exmaine price fundamentals in
this paper, which complements our carbon research published earlier this year'.

— There are already around 100 countries identifying carbon pricing schemes as a
central pillar of their net zero strategy®. As a result, understanding the pathway for
regional and global carbon pricing has become more important than ever

— In addition, as an increasing number of corporates are also stress-testing an internal

Michael Lewis,

Head of Research ESG carbon price, and in some instances using this carbon price in business decision-
making, providing forward guidance to carbon pricing is becoming increasingly
warranted

— When it comes to price forecasting, we find that those commodities with higher
levels of volatility, such as European carbon prices, have significantly higher
associated forecasting errors. According to our calculations, if the consensus analyst
forecasting error over the past decade persists into next year, it implies an average
EU carbon price of €97/tonne, compared to today’s current spot price® of €68/tonne

— When it comes to the track record of commodity analysts versus the respective
forward curve as a predictor of the coming 12-month price, our work finds commodity
forwards typically outperform the consensus analyst in the accuracy of their
predictions, although mercifully for the analyst community by only a small margin

— We are long-term bullish for European carbon prices reflecting fuel switching trends
in the short-term and strong supply-side fundamentals over the long-term. However,
a more dramatic downturn in industrial activity in Europe and an accompanying spike
in risk aversion naturally pose downside risks

— We also believe that the sell-off in global bond yields may have an impact as carbon
prices are the net present value of future environmental liabilities discounted in
today’s value. However, rising inflation ought to have a neutralising effect as it
affects both sides of the equation (numerator and denominator), unlike a nominal
bond.*

T DWS Research Institute (February 2022). Carbon pricing and carbon allowances; Carbon markets: the why, what & where
2World Bank (May 2021). State and Trends of Carbon Pricing 2021
3 Bloomberg Finance LP as of October 18, 2022

4 In an upcoming research paper, we will explore the fundamentals of carbon prices from the perspective of the carbon budget, emission costs and
discount rates

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
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1/ Analyst forecasting errors

It's all about the vol
Not all commodities are equal when it comes to price forecasting. Figure 1 compares commodity volatility on the one hand
with the average absolute analyst forecasting error for various commodities over the past decade. To calculate the
forecasting error, we take the consensus forecast for each commodity at the start of the year and compare it with the final
price outturn. The chart shows a clear positive correction: namely, the higher the volatility, the larger the analyst forecasting
error for that commodity.

This work suggests that you can have a relatively high degree of confidence when it comes to the year ahead price forecast
for gold and copper since price forecasts typically only diverge from the final outturn by no more than 10%. But when it
comes to energy commodities, you need to take price forecasts with a heavy pinch of salt. Our analysis shows that
commodities within the energy complex such as Brent crude oil and US natural gas have higher levels of volatility which are
associated with large forecasting errors particularly compared to base and precious metals. A large part of this volatility
divergence can be explained by the variation of consumption-to-inventory ratios across the commodity spectrum, which are
typically lower for metals and higher for energy commodities.

When it comes to commodities within the energy complex, one commodity stands out, EU carbon prices. These have
historically been the most challenging with an average absolute forecasting errors of 35%, or more than three times that of
gold. Also noticeable is how the size of the forecasting errors over the past decade has been rising significantly and
specifically from 2018 onwards as carbon prices have found a possible new and higher price plane.

Assuming the consensus price forecast for next year does not change between now and year end, and that the historical
forecasting error between 2010 and 2021 persists into next year, it would imply an average 2023 EU carbon price forecast of
€97/tonne (€71.6 x 1.35) or ¢.45% above the current spot price.

Figure 1: The higher the volatility, the larger the consensus analyst forecasting error

40%

Carbon
35% [ ]

30%

25% -

20% Brent ="

16% ==

(2010-2021)

10%

5% -

Average absolute analyst forecasting error

0%
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

6M historic volatility (2010-2021)

Source: DWS Research Institute, Bloomberg Finance L.P (October 2022). We take the Bloomberg median commodity forecast for each commodity at the start of the year and compare
with the final outturn. We then calculate the average absolute forecasting error
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2 / Forwards versus analysts

Track records compared

To get a sense of how the track record of the commodity analyst community compares to financial markets, we compare
how well analysts perform versus commodity forward curves. We calculate the forecasting error of the forwards by examining
the calendar forward for each respective commodity at the start of each year and compare it with the final price outturn.

Similar to the results from analyst forecasting errors, the forward curves show a tendency to register an increasing
forecasting error of the forwards in line with the level of the volatility, Figure 2. In addition, European carbon prices are at the
top of the forecasting error naughty list. Also telling is that the forecasting error of the forwards is lower than the consensus
analyst across all commodities. This might suggest that when it comes to commodity price forecasting, it might be wise to
play more respect to the forwards than the analyst community.

Assuming the current 2023 calendar forward price remains unchanged between now and year end, and that the historical
forecasting error between 2010 and 2021 persisted into next year, it would imply an average 2023 EU carbon price forecast
of €97/tonne (€72.8 2023 cal’ forward x 1.33).

Figure 2: Forwards are better at predicting commodity prices than the consensus analyst
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Source: DWS Research Institute, Bloomberg Finance L.P (October 2022). We plot the average analyst forecasting error with the calendar forward at the start of the year and compare
that to the final price outturn
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3 / Carbon market drivers

Multiple factors at play
Figure 3 provides what we see as the key drivers of European carbon prices. We view the general economy and the risk-off environment as potentially the two most bearish
factors for carbon prices over the coming year.

Figure 3: Key drivers of European carbon prices

Category Driver 12M Signal Comment

Economic activity across Europe is slowing down and we view a further slowdown in industrial activity as the main risk reversing

General economy . the strength in carbon prices witnessed over the past two years

Polic 1 Phase 4 of the EU ETS started in 2021 with a further tightening in the supply of allowances. This reflects the EU’s more ambitious
Y targets to cut emissions by at least 55% from 1990 levels by 2030. We see this as providing a bullish backdrop for carbon prices

Risk on/off a Geopolitical tensions have had a negative impact on the performance of equities and risk-on assets. If this persists, then the

contagion risk is likely to weigh on carbon prices

The reduction in natural gas supplies from Russian is pushing more countries, such as Germany and the Netherlands, to allow
Fuel switching +1 the shortfall to be filled through coal-fired powered generation. This should help to underpin the demand for EU ETS as emitters

Fundamentals require additional permits to pollute. Extreme cold this winter may drive greater coal use and so upside carbon price risk

The Market Stability Reserve (MSR), a mechanism to curb oversupply, removed significant EUAs from auctions between
0 September 2020 and August 2022. However, the Russian crisis has temporarily altered the outlook in response to the RePowerEU
plan which means the MSR being used to fund climate objectives

Market Stability
Reserve (MSR)

As part of the RePowerEU strategy to reduce the region’s dependency on Russian fossil fuel imports, and raise €20 billion in
RePowerEU -1 climate funds, the European Commission plans to sell allowances from the Market Stability Reserve out to 2026. This is potentially
bearish for the price of EUAs

Industrial decarbonization refers to hard to abate emissions. These emissions need to be compensated by removal of carbon from
Industrial activity +1 the atmosphere over the long term. According to the IEA, the required CO2 price for carbon capture in processes such as cement
production and power generation are in excess of €£€100/tonne and would call for even higher carbon prices

With fluid European growth expectations, as well as volatility in the gas market, these may reduce volumes from the carbon
market. Overall market liquidity remains low for front-year futures, and this may present “gap-risk” for carbon prices

Liquidity and

Technicals el Ty

We expect the carbon supply situation to remain tight which should be supportive of prices. Escalated gas prices should remain
Net outcome +1 a demand driver for EUAs on the back of incremental coal supply turning viable. However, the risk of a more pronounced downturn
in industrial demand as the main risk to the bullish outlook into next year

Source: DWS Research Institute, Bloomberg L.P. BNEF (October 2022), Factors are not weighted equally
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In contrast, two bullish factors for European carbon prices are, in our view, fuel switching and supply trends in the European
carbon market. When it comes to fuel switching, Figure 4 examines the various feedstocks for power generation, namely
coal and natural gas. The most dramatic change in pricing over the past year has been in natural gas following the Russian
invasion of Ukraine. This has meant that the tendency for natural gas to displace coal before 2021 has been reversed meaning
it is more competitive to switch to coal for power generating purposes.

With Germany, the Netherlands, Austria and some other European countries now permitting coal burning for power
generation®, this is increasing the demand for EU carbon permits, and so providing upside momentum for European carbon
prices. Just as the summer drought in Europe has hit hydro- and nuclear-power generation capacity, colder weather this
winter could lead to even greater demand for coal burning and consequently strong demand for carbon allowances.

Figure 4: The economics behind fuel switching
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Source: DWS Research Institute, TransitionZero, Bloomberg Finance L.P (chart covers period between January 2018 to August 2022)
Marginal costs for natural gas and coal includes variable operating and maintenance cost, in addition to the carbon cost associated with both fuels. Levelised cost of electricity of renew-
ables include the discounted lifetime cost of building and operating a generation asset, expressed as a cost per unit of electricity generated

Another important driver of European carbon prices originates from more ambitious carbon emission reduction targets
announced by the European Commission®. The so-called “Fit for 55" calls for a 55% reduction in carbon emissions by 2030
compared to 1990, and versus a previous reduction target of 40%. This also included plans to widen the coverage of the
carbon trading scheme to include the buildings and road transport sectors’.

5 Bloomberg Finance LP (June 2022). Dutch are reviving coal power amid Russian gas squeeze

5 European Commission (July 2021). European Green Deal: Commission proposes transformation of EU economy and society to meet climate ambi-
tions

7 European Commission (July 2021). Questions and answers - Emissions Trading - Putting a price on carbon
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4 / Carbon market price outlook

Beware the consensus view

When it comes to the analyst outlook for the EU carbon price in the coming year and beyond, we find there is a significant
divergence of opinion among the commodity analyst community for the year ahead. However, in more distant years, this
divergence between the most bullish and most bearish analyst narrows dramatically.

When it comes to the short-term price outlook, this divergence is welcome since one needs to be wary when price forecasts
are clustered in a tight range as market prices have a habit of typically frustrating the consensus view. Rather, what exists
today, is wide dispersion of views which typically suggests that market positioning is not biased all in one direction. That
being said, more worrying is the clustering of the small number of analysts including DWS for the 2030 EU carbon price
forecast. Market pricing typically frustrates the consensus view, and in the event of more aggressive climate policies over
the coming years, this might suggest that carbon prices are likely to surpass even the most bullish forecasts by the end of
this decade.

The other observation from Figure 5 is that there is a decreasing number of analysts making price forecasts beyond the 12-
month horizon. We believe this is a reflection of an under-developed market when it comes to long-term price forecasting.
We expect this to change over time as the focus and importance of European and global carbon markets grows.

Figure 5: DWS carbon price forecast vs. the street
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Source: DWS Research Institute, Bloomberg L.P. (September 30, 2022), The range of analyst forecasts are sourced from sell-side research reports
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Important information - EMEA, APAC & LATAM

DWS is the brand name of DWS Group GmbH & Co. KGaA and its subsidiaries under which they do business. The DWS legal entities offering products or services are specified in the
relevant documentation. DWS, through DWS Group GmbH & Co. KGaA, its affiliated companies and its officers and employees (collectively “DWS"”) are communicating this document in
good faith and on the following basis.

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
investment advice.

This document is intended to be a marketing communication, not a financial analysis. Accordingly, it may not comply with legal obligations requiring the impartiality of financial analysis
or prohibiting trading prior to the publication of a financial analysis.

This document contains forward looking statements. Forward looking statements include, but are not limited to assumptions, estimates, projections, opinions, models and hypothetical
performance analysis. No representation or warranty is made by DWS as to the reasonableness or completeness of such forward looking statements. Past performance is no guarantee of
future results.

The information contained in this document is obtained from sources believed to be reliable. DWS does not guarantee the accuracy, completeness or fairness of such information. All third
party data is copyrighted by and proprietary to the provider. DWS has no obligation to update, modify or amend this document or to otherwise notify the recipient in the event that any
matter stated herein, or any opinion, projection, forecast or estimate set forth herein, changes or subsequently becomes inaccurate.

Investments are subject to various risks. Detailed information on risks is contained in the relevant offering documents.

No liability for any error or omission is accepted by DWS. Opinions and estimates may be changed without notice and involve a number of assumptions which may not prove valid.
DWS does not give taxation or legal advice.

This document may not be reproduced or circulated without DWS's written authority.

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 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.

For institutional / professional investors in Taiwan:

This document is distributed to professional investors only and not others. Investing involves risk. The value of an investment and the income from it will fluctuate and investors may not
get back the principal invested. Past performance is not indicative of future performance. This is a marketing communication. It is for informational purposes only. This document does
not constitute investment advice or a recommendation to buy, sell or hold any security and shall not be deemed an offer to sell or a solicitation of an offer to buy any security. The views
and opinions expressed herein, which are subject to change without notice, are those of the issuer or its affiliated companies at the time of publication. Certain data used are derived from
various sources believed to be reliable, but the accuracy or completeness of the data is not guaranteed and no liability is assumed for any direct or consequential losses arising from their
use. The duplication, publication, extraction or transmission of the contents, irrespective of the form, is not permitted.

© 2022 DWS Investment GmbH

Issued in the UK by DWS Investments UK Limited which is authorised and regulated in the UK by the Financial Conduct Authority.
© 2022 DWS Investments UK Limited

In Hong Kong, this document is issued by DWS Investments Hong Kong Limited. The content of this document has not been reviewed by the Securities and Futures Commission.
© 2022 DWS Investments Hong Kong Limited

In Singapore, this document is issued by DWS Investments Singapore Limited. The content of this document has not been reviewed by the Monetary Authority of Singapore.
© 2022 DWS Investments Singapore Limited

In Australia, this document is issued by DWS Investments Australia Limited (ABN: 52 074 599 401) (AFSL 499640). The content of this document has not been reviewed by the Australian
Securities and Investments Commission.
© 2022 DWS Investments Australia Limited

as of 10/19/22; 092583_1(10/2022)

Important information — North America

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.

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 and is not intended to constitute an offer,
recommendation or solicitation to conclude a transaction or the basis for any contract to purchase or sell any security, or other instrument, or for DWS to enter into or arrange any type of
transaction as a consequence of any information contained herein and should not be treated as giving investment advice. DWS, including its subsidiaries and affiliates, does not provide
legal, tax or accounting advice. This communication was prepared solely in connection with the promotion or marketing, to the extent permitted by applicable law, of the transaction or
matter addressed herein, and was not intended or written to be used, and cannot be relied upon, by any taxpayer for the purposes of avoiding any U.S. federal tax penalties. The recipient
of this communication should seek advice from an independent tax advisor regarding any tax matters addressed herein based on its particular circumstances. Investments with DWS are
not guaranteed, unless specified. 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, are subject to change
without notice and involve a number of assumptions which may not prove valid.

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. Further, investment in international markets can be affected by a host of factors, including political or social conditions, diplomatic relations,
limitations or removal of funds or assets or imposition of (or change in) exchange control or tax regulations in such markets. Additionally, investments denominated in an alternative
currency will be subject to currency risk, changes in exchange rates which may have an adverse effect on the value, price or income of the investment. This document does not identify
all the risks (direct and indirect) or other considerations which might be material to you when entering into a transaction. The terms of an investment may 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
investment and not the summary contained in this document.

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. We assume no responsibility to advise the recipients of this document with regard to changes in our views.
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No assurance can be given that any investment described herein would yield favorable investment results or that the investment objectives will be achieved. Any securities or financial
instruments presented herein are not insured by the Federal Deposit Insurance Corporation (“FDIC") unless specifically noted, and are not guaranteed by or obligations of DWS or its
affiliates. We or our affiliates or persons associated with us may act upon or use material in this report prior to publication. DB may engage in transactions in a manner inconsistent with
the views discussed herein. Opinions expressed herein may differ from the opinions expressed by departments or other divisions or affiliates of DWS. 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, including the United
States, 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. Further information is available
upon investor's request. All third party data (such as MSCI, S&P & Bloomberg) are copyrighted by and proprietary to the provider.

For Investors in Canada: No securities commission or similar authority in Canada has reviewed or in any way passed upon this document or the merits of the securities described herein
and any representation to the contrary is an offence. This document is intended for discussion purposes only and does not create any legally binding obligations on the part of DWS Group.
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 you are considering, and not the [document - may need to identifyl contained herein. DWS Group is not acting as your
financial adviser or in any other fiduciary capacity with respect to any transaction presented to you. Any 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 such transaction(s) and have made an independent assessment of the
appropriateness of the transaction(s) in the light of your own objectives and circumstances, including the possible risks and benefits of entering into such transaction. You should also
consider seeking advice from your own advisers in making this assessment. If you decide to enter into a transaction with DWS Group you do so in reliance on your own judgment. The
information contained in this document is based on material we believe to be reliable; however, we do not represent that it is accurate, current, complete, or error free. Assumptions,
estimates and opinions contained in this document constitute our judgment as of the date of the document and are subject to change without notice. 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. The
distribution of this document and availability of these products and services in certain jurisdictions may be restricted by law. You may not distribute this document, in whole or in part,
without our express written permission.

For investors in Bermuda: This is not an offering of securities or interests in any product. Such securities may be offered or sold in Bermuda only in compliance with the provisions of the
Investment Business Act of 2003 of Bermuda which regulates the sale of securities in Bermuda. Additionally, non-Bermudian persons (including companies) may not carry on or engage
in any trade or business in Bermuda unless such persons are permitted to do so under applicable Bermuda legislation.

© 2022 DWS Investment GmbH, Mainzer LandstraBe 11-17, 60329 Frankfurt am Main, Germany.
All rights reserved.
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