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Executive Summary

US recessions have certainly become less frequent, especially since the early
1980s. The jury is out as to whether that is good for the economy longer term. In the
125 years prior to this point, the US economy saw 30 recessions covering a cumula-
tive period of nearly 44 years of negative activity. This coincided with the US becom-
ing the preeminent global economic superpower with the capitalist model encour-
aging both creative destruction and strong growth. One could make a compelling
argumentthatregularrecessions strengthened the economic success story as they
acted as a natural cleansing mechanism ensuring an efficient allocation of resour-
ces and preventing the cumulative build-up of inefficiencies that could have arisen
without regular downturns. Obviously there are short-term human, economic, and
political costs with any recession and as such a society may make the choice to
attempt to limit their occurrence to ensure more stability. However, there may be a
cost to such a policy.

Since 1982 we've had four very long US cycles including the current one which is
about to become the longest on record. We think this era started with the dollar's
ties to gold being broken in the early 1970s. After these shackles were broken, poli-
cy makers have had the freedom to respond to economic and market crises much
more aggressively than before, and by default manage and manipulate the busi-
ness cycle more effectively. Very positive global demographics and globalisation
from the early 1980s have given them even more policy freedom as this has con-
trolled global inflation.

However, there has been a cost. This policy flexibility and longer business cycle era
has led to higher structural budget deficits, higher private sector and government
debt, lowerand lower interestrates, negative real yields, inflated financial asset val-
uations, much lower defaults (ultra cheap funding), less creative destruction, and
a financial system that is prone to crises. In fact we've created an environment
where recessions are a global systemic risk. As such, the authorities have become
even more encouraged to prevent them, which could lead to skewed preferences
in policymaking.

Going forward, weakening demographics and possibly waning globalisation will
make it more difficult to extend cycles. However, while we remain in a fiat currency
world, policy makers have the ability to print money and many governments still
seem to have the ability to run persistent deficits, especially the US. This can help
extend cycles.

Make no mistake though, if we were in a world of balanced budgets and one where
money was tied to gold, we would have much shorter cycles than we've had since
the early 1980s. So we think cycles continue to be extended at a cost of increasing
debt, more money printing, and increasing financial market instability. This may
continue until inflation starts to structurally trend higher - thus reducing policy flexi-
bility - and/or when we have debt funding crises.

We would question whether these long cycles are the optimal environment for effi-
cientresource allocation in the economy and ponder whether it might be one of the
reasons we live in a low productivity era. Would productivity have been higherin an
era of shorter cycles and lower debt? We suspect it might have been.
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Introduction: From short to long business cycles

As we enter next month, this US economic expansion will become the longest on
record covering 34 expansions since 1854. In fact the last four expansions have all
been in the top six longest on record. The other two in this top six were the June
1938- cycle which was boosted by the WWII rearmament efforts, and the Feb 1961-
cycle where the Fed were late to deal with ever increasing US inflation, leading to
too loose monetary policy and an extended cycle. In this report we'll try to explain
why this cycle — and the past four — have been so long relative to history and also
show various economic and market indicators from this cycle relative to the past to
put the record-breaking expansion in some context.

Figure 1: US Business Expansion Length by Month Since 1854
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Recessions have certainly become less frequent. By the end of this month the US
economy will have only been in recession for 34 months since November 1982. This
equatestolessthan 8% ofthe time overaremarkable 37 year stretch. From the point
the NBER started to define business cycles in 1854, to the start of the long business
cycle erain 1982, the US was in recession 35% of the time. We should remember
that this covered a 125+ year period during which the US rapidly developed, wit-
nessed great prosperity, very strong growth, and became the preeminent global
economic superpower. So recessions may not be a bad thing for longer-term
growth evenif the short-term economic, human, and political costs are high. In fact,
onecould argue thatrecessions are a crucial part of capitalism as they help the crea-
tive destruction process and cleanse the economy of weaker entities/investments
allowing space for faster growing equivalents to take the vacated space. It could be
argued that the problem with less frequent recessions is that this may encourage
amore inefficient allocation of resources in the economy. Without a recession over
along period of time (especially if associated with massive policy intervention) even
weaker investments/businesses can comfortably survive. It's probably nota coinci-
dence that corporate bond default rates have been at ultra low levels now for a dec-
ade and a half in spite of weak growth over the period.

Let's now look at how the length of US business cycles have changed over time.
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The move away from agriculture and the inception of the
Fed...

During the earliest monitored business cycles the US economy was predominantly
agriculturally based. Indeed the share of employment made up from this sector was
59%in 1850 and only dipped below 30% by 1920 and below 10% by 1960. This likely
made GDP more volatile as the economy was more exposed to the boom and bust
crop cycles without much sector diversity. In addition, prior to 1913 there was no
central bank and banking runs and panics were a fairly regular feature of the eco-
nomic landscape.

Figure 2: US Employment by Sector Since 1850
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As the economy became more diverse and less dependent on agriculture and the
Federal Reserve became more active in the economy, economic cycles were able
to be extended. However, WW!I and its aftermath, the stock market crash, the 1930s
Depression, and the fact that the US operated under a gold standard ensured that
cycles were still relatively short by modern standards until at least WWII.

The gold standard and subsequent Bretton Woods system (1946-1971) restricted
stimulative policy (both fiscal and monetary). The dollar was convertible into gold
at a fixed price and policy had to ensure that there wasn’t a run on gold reserves.
Loose fiscal or monetary policy to extend a business cycle would have likely led to
the perception that the authorities were prepared to generate inflation and erode
the value of the dollar. As such gold would have flowed out of the country threaten-
ing the economic management model of the time. Figure 3 shows the price of gold
to the USD alongside the length of each business cycle and suggests that business
cycles were a lot shorter when the dollar was rigidly price fixed against gold. As the
ties slowly loosened to gold and devaluations occurred, business cycles started to
get longer.
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Figure 3: US Business Cycle Lengths vs. Gold Price
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With the loosening of ties to gold, economic policy could become more flexible and
withitthere was opportunity for more stimulus. \We can perhaps show this by again
highlighting the length of each US business cycle but this time with the annual US
budget deficit (left) and total Government Debt to GDP (right) overlaid on top.

Figure 4: US Business Cycle Lengths vs. US Budget (LHS) and Gov Debt/GDP (RHS)
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Prior to the late 1960s, the US ran close to a balanced budget every year outside of
war time and the Great Depression. Deficits temporarily ballooned and debt
increased on these occasions and membership of the gold standard was often sus-
pended allowing for more flexible policy for a brief period of time. However, the US
quickly went back to balanced budgets after these events alongside a stable gold/
USD parity which made it very hard to be overly stimulative.

Pressure onthis system started to build as the post-WW!I| landscape emerged, lead-
ing to structural deficits slowly building up in the late 1960s. There was huge popu-
lation growth in this era and at the same time we saw the birth of the welfare state
and "great society" type movements. Across the globe, citizens were increasingly
demanding more access to education, healthcare, a safety net for the poor and
unemployed, better public services, and the increased provision of state pensions.
This led to increased demands for governments to spend more and this was funded
by deficit spending across the world, a trend that lasts to the current day. Very few
countries have managed to balance their fiscal books over the last 50 years.

This new trend was not sustainablein a precious metal currency system and eventu-

ally the increases in US/global deficits put pressure on the Bretton Woods system.
In 1971 President Nixon suspended the convertibility of dollars into gold and we
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moved to the fiat currency regime that is still in existence today. At that point the
vast majority of global currencies - that had been fixed to the USD in the Bretton
Woods system - also effectively became fiat currencies.

After the gold-based system broke down post 1971, the US (and other countries)
had more flexibility to pursue policy that extended business cycles. As such, cycles
startedto getlongerbutdebtstarted toincrease —a patternthat has extended to the
current day with the added kicker in this current cycle being the largest round of
central bank balance sheet expansion in history in the US, and at a global level.

Obviously the start of this new era (the 1970s) saw great economic challenges with
high inflation and the oil shocks ensuring that managing the business cycle was still
very difficult. Nevertheless, it was interesting that the first full cycle of the post Bret-
ton Woods era starting in 1975 ended up being the third longest on record at the
time (out of 29), behind only the 1938- WWII rearmament cycle and 1961- Fed poli-
cy error cycle.

Globalisation and demographics also supported the longer
business cycle trend post 1980

At the start of the 1980s, the global economy was reeling from high inflation and
managing the business cycle continued to appear extremely difficult as the desire
toreduceinflationled toadouble dip recessionin many parts of the world (including
the US where the Volcker Fed squeezed the economy). However, at this point policy-
makers were starting to be bailed out by enormous external factors—namely global-
isation and demographics.

Figure 5 again shows US business cycle length against global trade as a percentage
of global GDP. Before the 1970s, global trade on this measure wasn’t much higher
thanitwas a hundred years earlier. However over the next three to four decades this
ratio roughly doubled.

Figure 5: US Business Cycles vs. Global Trade
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China’sreintegration into the global economy from the end of the 1970s after being
closed off for centuries certainly helped kick-start the trend and globalisation snow-
balled from there. Higher global trade started to make the global economy more
competitive leading to higher growth but crucially lower inflation. As such, busi-
ness cycles could be allowed to run for longer without policy needing to be tighten-
ed as aggressively as in the past. The fact that deficits were still high was less of a
problem with government debt historically quite low and no gold parity to defend.
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Supporting this trend was probably the most positive global demographic surge in
history. Figure 6 shows US business cycles against the working age population of
the More Developed World (MDW) plus China from 1950 onwards. The number of
'key country’ global workers was naturally increasing via the post WWII baby
boomers but China’s reintegration into the global economy super-sized this trend.
We highlight this by including a line in the graph that zeros Chinese workers before
1980 and then includes them thereafter to reflect this relatively sudden policy shift.

Figure 6: US Business Cycles vs. Working Age Population of MDW + China
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Clearly the graphisalittle simplistic, as these Chinese workers didn’t allimmediate-
ly come on stream atthe same time but ever since the early 1980s, the natural surge
in global workers and the integration of very cheap Chinese workers at a time of
rapid globalisation ensured that global wage inflation became more and more
externally controlled. This is a theme that has been maintained to the current day.
As such, we've seen a three to four decade period where global inflation has, in our
opinion, been more controlled by globalisation and demographics than by domes-
tic policy. To put this another way, domestic policy has beenfree torespondto crises
(economic and financial) with far more flexibility than in the past.

Figure 7 shows the Fed Funds rate over the last century with recessions marked. In
the Post WWII period, the interesting thing is that there have been two long rate
‘'super-cycles'. The first extended from the end of the War until the early 1980s and
saw rates structurally head higher across multiple cycles. During this period there
were regular recessions with only the 1960s cycle an extended one due to what is
now widely believed to be a policy error from the Fed as they failed to hike rates fast
enough to control inflation. Rates eventually peaked just before the start of the long
cycle era and since then they've been on a near four decade reversal of the 1945-
1982 trend. So in the former period the Fed was in a long hiking super cycle which
would have helped contribute to multiple recessions in that period. The opposite
was true post 1982 where the structural ability to cut rates must have elongated
cycles that might have otherwise been prone to roll over. This undoubtedly played
a part in the move from short to long cycles.

Deutsche Bank AG/London
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Figure 7: Fed Funds Rate vs. Recessions - Longer cycle era has coincided with
lower and lower rates
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After an economic golden age for the global economy between 1982 and 2008, the
Global Financial Crisis was then a huge threat to the era of long business cycles as
itexposed the debtfuelled super-cycle that this policy flexibility encouraged. Allow-
ing a great global debt restructuring that may have naturally occurred as a conse-
quence would have restrained the flexibility of governments and central bankers to
manage the business cycle and we could have quickly moved to a world of shorter
cycles again. Being at the zero rate bound for the first time in history in many coun-
tries (including the US) compounded the risks. However, global debt has continued
to increase post the GFC and central banks found new weapons — namely QE and
negative rates — to ensure that the economies could continue to grow over a period
where left to their own devices we may have experienced a more sober economic
environment and shorter cycles.

Figure 8: QE was used to ensure this current cycle didn't roll over. No other cycle
in history has seen such a response
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As such, the US now is on the brink of its longest business cycle on record, continu-
ing the trend of long cycles seen over the last 35-40 years.

How long will US business cycles be in the future?

Given that we have attributed the last four super-long US cycles to globalisation,
demographics, downward wage pressures, positive global disinflation, fiat money,
increased debt/deficits, and QE, then the answer to our question will come from our
answers to how sustainable these trends are.
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Deutsche Bank AG/London



17 June 2019
Thematic Research

Withregards to globalisation, Figure 5 shows thatwe have plateaued since the GFC
on this measure. However, the rise in populists everywhere are threatening to put
this into reverse in the years ahead. The US is currently in the middle of a trade war
with China, with othertrading partners in negotiationsincluding the EU. It's unclear
how this gets resolved in the near term, but medium term it does feel like the super-
cycle of unfettered globalisation is behind us. A retreat of globalisation would likely
be less supportive to global growth and would likely push up inflation - all other
things being equal. This willmake managing the business cycle more difficultgoing
forward.

Future global demographics also look less favourable to business cycles going for-
ward, especially relative to the period post 1980. Figure 9 extends Figure 6 and
showsthe MDW+Chinaworking age population outto 2050. The decline in workers
is a headwind to growth and may also allow them to retain some lost pricing power.
As such, it could again mean higher inflation which will make business cycle man-
agement more difficult.

Figure 9: US Business Cycles vs. Working Age Population of MDW + China With
Forecasts
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With regards to debt and deficits, if anything the US has moved into an era of higher
structural deficits and higher government debt. Figure 10 extends our earlier charts
to show CBO forecasts for both alongside business cycle lengths historically. If the
US can maintain such consistent deficits then perhaps it can continue to have long
business cycles. Most market participants would likely say that such anincrease in
debtis not sustainable longer term but it could of course be sustainable for this and
the next business cycle.
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Figure 10: US Business Cycles vs. US Budget (LHS) and Gov Debt/GDP (RHS) With CBO Forecasts
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Related to the above, it doesn’t feel like the era of fiat money is under threat until we
have sustained inflation. As such central banks will still have money printing and
balance sheet expansion in their armoury. Linked into debt and deficits, going for-
ward QE may be used to finance specific government spending more than it has
over the last decade where it was used to buy financial assets — particularly govern-
ment bonds. So this could extend business cycles in the future and is again only
likely to be more troublesome for the business cycle length when inflation rises.

So to conclude, retreating globalisation and weakening demographics are more
negative for business cycle length going forward. However, while we are still able
to run large deficits, accumulate more debt, and conduct more money printing we
can still manipulate the length of cycles relative to the past. Maybe inflation is the
glue here. Once that starts to structurally increase, business cycle management
becomes more challenging.

The current cycle relative to the past

To mark the occasion of this being the longest US cycle on record, we now show
how this cycle compares to previous US cycles through history. Where we have
data, we stretch back to the start of US business cycle tracking in 1854, covering
34 expansions. Where we don’t have monthly or quarterly data, we use yearly data
and start the cycle from the beginning of the year in which the recovery started. The
titles indicate the periods covered in the graphs.

First we look at nominal GDP. As can be seen from the annual data back to 1854 or
the quarterly data starting in 1921, this current cycle has seen the lowest growth at
all stages of all the 18 cycles that have lasted more than three years. In fact, that
might have helped encourage its longevity as economic activity has not got overly
ahead of itself. It took until around 2018 for the output gap from the GFC recession
to close and as such we were still in 'catch-up' mode for most of it.
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Figure 11: Nominal GDP Annually Since 1854 (LHS) and Quarterly Since 1921 (RHS) During Business Cycles
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A similar picture emerges in real GDP terms. Using the full annual data series, this
is the shallowest recovery of all the 11 that have extended past 4 years. In the quar-
terly data post 1949, this cycle has been the weakest of any of the 11 expansions at
all points through their respective cycles. So perhaps the policy breaks have not
been needed to be applied by the authorities in the same manner as in virtually all
previous cycles.

Given that population growth in this cycle has been the slowest of all the 34 cycles
covered, low nominal and real GDP growth shouldn't be a surprise. However one
could also make the argument that low growth makes recessions more likely as the
margin for erroris reduced. As such, the longevity of this cycle becomes even more
impressive.

Figure 12: Real GDP Annually Since 1854 (LHS) and Quarterly Since 1949 (RHS) During Business Cycles
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Moving onto inflation now. The early cycles in our study covered a period where
inflation was structurally much lower. So in this respect, this current expansion
looks less extreme on the downside than it does on the growth front. However the
impressive element to this cycle is how steady inflation has been throughout.
Indeed prices are only up 18.5% over the now 10-year expansion. This has allowed
the Fed to maintain an accommodative policy stance for as long as they have and
has helped extend the cycle beyond any other.
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Figure 13: CPI Since 1879 During Business Cycles
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The decline inunemployment doesn’tlook particularly unusual in this cycle relative
to the past but the key takeaway from this graph is that recessions tend to start with
unemployment still trending down or at least flat lining. It proves the point that
employment is a lagging indicator.

Figure 14: Unemployment Since 1933 During Business Cycles

5 A

Current

25 J
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115120

Months from Business Cycle Trough
Source : Deutsche Bank, GFD, NBER. |

In terms of equities, this cycle has always been at the upper end of those seen
through the entire history back to 1854. As we go pastthe 1991 expansion - that was
previously the longest on record - returns on the S&P 500 are similar to that remark-
able cycle which ended with the 2000 stock market bubble bursting. In that cycle,
the graph highlights that the equity market peaked in March 2000 before the even-
tual recession was deemed to have begun in March 2001.

Figure 15: S&P Since 1854 During Business Cycles
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It's an interesting dynamic that this cycle has consistently been one of the weakest
interms of economic growth but one of the strongestin terms of asset price growth.
This could hint at the extraordinary lengths global authorities have gone to ensure
this recovery continued. Liquidity and intervention has been enormous and this has
flowed into assets.

So as we celebrate the longest US expansion in history, and the fourth ultra long
cycleinarow, we wonder what the costs of such along cycle era willend up being?
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are paid in part based on the profitability of Deutsche Bank AG and its affiliates, which includes investment banking, trading
and principal trading revenues.

Opinions, estimates and projections constitute the current judgment of the author as of the date of this report. They do not
necessarily reflect the opinions of Deutsche Bank and are subject to change without notice. Deutsche Bank provides liquidity
for buyers and sellers of securities issued by the companies it covers. Deutsche Bank research analysts sometimes have
shorter-term trade ideas that may be inconsistent with Deutsche Bank's existing longer-term ratings. Some trade ideas for
equities are listed as Catalyst Calls on the Research Website (https://research.db.com/Research/) , and can be found on the
general coverage listand also on the covered company’s page. A Catalyst Call represents a high-conviction belief by an analyst
that a stock will outperform or underperform the market and/or a specified sector over a time frame of no less than two weeks
and no more than three months. In addition to Catalyst Calls, analysts may occasionally discuss with our clients, and with
Deutsche Bank salespersons and traders, trading strategies or ideas that reference catalysts or events that may have a near-
term or medium-term impact on the market price of the securities discussed in this report, which impact may be directionally
counter to the analysts' current 12-month view of total return or investment return as described herein. Deutsche Bank has
no obligation to update, modify oramend this report or to otherwise notify a recipient thereof if an opinion, forecast or estimate
changes or becomes inaccurate. Coverage and the frequency of changes in market conditions and in both general and
company-specific economic prospects make it difficult to update research at defined intervals. Updates are at the sole
discretion of the coverage analyst or of the Research Department Management, and the majority of reports are published at
irregular intervals. This report is provided for informational purposes only and does not take into account the particular
investment objectives, financial situations, or needs of individual clients. It is not an offer or a solicitation of an offer to buy or
sell any financial instruments or to participate in any particular trading strategy. Target prices are inherently imprecise and a
product of the analyst’s judgment. The financial instruments discussed in this report may not be suitable for all investors, and
investors must make their own informed investment decisions. Prices and availability of financial instruments are subject to
change without notice, and investment transactions can lead to losses as a result of price fluctuations and other factors. If a
financial instrumentis denominated in a currency otherthan aninvestor's currency, a change in exchange rates may adversely
affect the investment. Past performance is not necessarily indicative of future results. Performance calculations exclude
transaction costs, unless otherwise indicated. Unless otherwise indicated, prices are current as of the end of the previous
trading session and are sourced from local exchanges via Reuters, Bloomberg and other vendors. Data is also sourced from
Deutsche Bank, subject companies, and other parties.

The Deutsche Bank Research Department is independent of other business divisions of the Bank. Details regarding our
organizational arrangements and information barriers we have to prevent and avoid conflicts of interest with respect to our
research are available on our website (https://research.db.com/Research/) under Disclaimer.

Macroeconomic fluctuations often account for most of the risks associated with exposures to instruments that promise to pay
fixed or variable interest rates. For an investor who is long fixed-rate instruments (thus receiving these cash flows), increases
in interest rates naturally lift the discount factors applied to the expected cash flows and thus cause a loss. The longer the
maturity of a certain cash flow and the higher the move in the discount factor, the higher will be the loss. Upside surprises in
inflation, fiscal funding needs, and FX depreciation rates are among the most common adverse macroeconomic shocks to
receivers. But counterparty exposure, issuer creditworthiness, client segmentation, regulation (including changes in assets
holding limits for different types of investors), changes in tax policies, currency convertibility (which may constrain currency
conversion, repatriation of profits and/or liquidation of positions), and settlement issues related to local clearing houses are
also important risk factors. The sensitivity of fixed-income instruments to macroeconomic shocks may be mitigated by
indexing the contracted cash flows to inflation, to FX depreciation, or to specified interest rates — these are common in
emerging markets. The index fixings may — by construction — lag or mis-measure the actual move in the underlying variables
they are intended to track. The choice of the proper fixing (or metric) is particularly importantin swaps markets, where floating
coupon rates (i.e., coupons indexed to a typically short-dated interest rate reference index) are exchanged for fixed coupons.
Funding in a currency that differs from the currency in which coupons are denominated carries FX risk. Options on swaps
(swaptions) the risks typical to options in addition to the risks related to rates movements.

Derivative transactions involve numerous risks including market, counterparty default and illiquidity risk. The appropriateness
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of these products for use by investors depends on the investors' own circumstances, including their tax position, their
regulatory environment and the nature of their other assets and liabilities; as such, investors should take expert legal and
financial advice before entering into any transaction similar to or inspired by the contents of this publication. The risk of loss
in futures trading and options, foreign or domestic, can be substantial. As a result of the high degree of leverage obtainable
in futures and options trading, losses may be incurred that are greater than the amount of funds initially deposited — up to
theoretically unlimited losses. Trading in options involves risk and is not suitable for all investors. Prior to buying or selling an
option, investors must review the 'Characteristics and Risks of Standardized Options”, at http://www.optionsclearing.com/
about/publications/character-risks.isp. If you are unable to access the website, please contact your Deutsche Bank
representative for a copy of this important document.

Participants in foreign exchange transactions may incurrisks arising from several factors, including the following: (i) exchange
rates can be volatile and are subject to large fluctuations; (ii) the value of currencies may be affected by numerous market
factors, including world and national economic, political and regulatory events, events in equity and debt markets and changes
in interest rates; and (iii) currencies may be subject to devaluation or government-imposed exchange controls, which could
affect the value of the currency. Investors in securities such as ADRs, whose values are affected by the currency of an
underlying security, effectively assume currency risk.

Unless governing law provides otherwise, all transactions should be executed through the Deutsche Bank entity in the
investor's home jurisdiction. Aside from within this report, important conflict disclosures can also be found at https://
research.db.com/Research/ on each company’s research page. Investors are strongly encouraged to review this information
before investing.

Deutsche Bank (which includes Deutsche Bank AG, its branches and affiliated companies) is not acting as a financial adviser,
consultant or fiduciary to you or any of your agents (collectively, “You” or “Your”) with respect to any information provided in
this report. Deutsche Bank does not provide investment, legal, tax or accounting advice, Deutsche Bank is not acting as your
impartial adviser, and does not express any opinion orrecommendation whatsoever as to any strategies, products orany other
information presented in the materials. Information contained herein is being provided solely on the basis that the recipient
will make an independent assessment of the merits of any investment decision, and it does not constitute arecommendation
of, or express an opinion on, any product or service or any trading strategy.

Theinformation presentedis generalin nature andis notdirected to retirementaccounts orany specific person oraccounttype,
and is therefore provided to You on the express basis that itis notadvice, and You may not rely upon itin making Your decision.
The information we provide is being directed only to persons we believe to be financially sophisticated, who are capable of
evaluating investment risks independently, both in general and with regard to particular transactions and investment
strategies, and who understand that Deutsche Bank has financial interests in the offering of its products and services. If this
isnotthe case, orif You are an IRA or other retail investor receiving this directly from us, we ask that you inform us immediately.

InJuly 2018, Deutsche Bank revised its rating system for short term ideas whereby the branding has been changed to Catalyst
Calls (“CC”) from SOLAR ideas; the rating categories for Catalyst Calls originated in the Americas region have been made
consistent with the categories used by Analysts globally; and the effective time period for CCs has been reduced from a
maximum of 180 days to 90 days.

United States: Approved and/or distributed by Deutsche Bank Securities Incorporated, a member of FINRA, NFA and SIPC.
Analysts located outside of the United States are employed by non-US affiliates that are not subject to FINRA regulations.

Germany: Approved and/or distributed by Deutsche Bank AG, a joint stock corporation with limited liability incorporated in
the Federal Republic of Germany with its principal office in Frankfurtam Main. Deutsche Bank AG is authorized under German
Banking Law and is subject to supervision by the European Central Bank and by BaFin, Germany's Federal Financial
Supervisory Authority.

United Kingdom: Approved and/or distributed by Deutsche Bank AG acting through its London Branch at Winchester House,
1 Great Winchester Street, London EC2N 2DB. Deutsche Bank AG in the United Kingdom is authorised by the Prudential
Regulation Authority and is subject to limited regulation by the Prudential Regulation Authority and Financial Conduct
Authority. Details about the extent of our authorisation and regulation are available on request.

Hong Kong: Distributed by Deutsche Bank AG, Hong Kong Branch or Deutsche Securities Asia Limited (save thatany research
relating to futures contracts within the meaning of the Hong Kong Securities and Futures Ordinance Cap. 571 shall be
distributed solely by Deutsche Securities Asia Limited). The provisions set out above in the 'Additional Information' section
shall apply to the fullest extent permissible by local laws and regulations, including without limitation the Code of Conduct for
Persons Licensed or Registered with the Securities and Futures Commission.

India: Prepared by Deutsche Equities India Private Limited (DEIPL) having CIN: U65990MH2002PTC137431 and registered
office at 14th Floor, The Capital, C-70, G Block, Bandra Kurla Complex Mumbai (India) 400051. Tel: + 91 22 7180 4444. It is
registered by the Securities and Exchange Board of India (SEBI) as a Stock broker bearing registration no.: INZ000252437;
Merchant Banker bearing SEBI Registration no.: INM000010833 and Research Analyst bearing SEBI Registration no.:
INHO00001741. DEIPL may have received administrative warnings from the SEBI for breaches of Indian regulations. Deutsche
Bank and/or its affiliate(s) may have debt holdings or positions in the subject company. With regard to information on
associates, please refer to the “Shareholdings” section in the Annual Report at: https:/www.db.com/ir/en/annual-
reports.htm.
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Japan: Approved and/or distributed by Deutsche Securities Inc.(DSI). Registration number - Registered as a financial
instruments dealer by the Head of the Kanto Local Finance Bureau (Kinsho) No. 117. Member of associations: JSDA, Type Il
Financial Instruments Firms Association and The Financial Futures Association of Japan. Commissions and risks involved in
stock transactions - for stock transactions, we charge stock commissions and consumption tax by multiplying the transaction
amount by the commission rate agreed with each customer. Stock transactions can lead to losses as a result of share price
fluctuations and other factors. Transactions in foreign stocks can lead to additional losses stemming from foreign exchange
fluctuations. We may also charge commissions and fees for certain categories of investment advice, products and services.
Recommended investment strategies, products and services carry the risk of losses to principal and other losses as a result
of changesin marketand/oreconomictrends, and/or fluctuationsin market value. Before deciding on the purchase of financial
products and/or services, customers should carefully read the relevant disclosures, prospectuses and other documentation.
‘Moody's', 'Standard Poor's’, and 'Fitch' mentioned in this report are not registered credit rating agencies in Japan unless
Japan or 'Nippon' is specifically designated in the name of the entity. Reports on Japanese listed companies not written by
analysts of DSI are written by Deutsche Bank Group's analysts with the coverage companies specified by DSI. Some of the
foreign securities stated on this report are not disclosed according to the Financial Instruments and Exchange Law of Japan.
Target prices set by Deutsche Bank's equity analysts are based on a 12-month forecast period..

Korea: Distributed by Deutsche Securities Korea Co.

South Africa: Deutsche Bank AG Johannesburg is incorporated in the Federal Republic of Germany (Branch Register Number
in South Africa: 1998/003298/10).

Singapore: This report is issued by Deutsche Bank AG, Singapore Branch or Deutsche Securities Asia Limited, Singapore
Branch (One Raffles Quay #18-00 South Tower Singapore 048583, +65 6423 8001), which may be contacted in respect of any
matters arising from, or in connection with, this report. Where this report is issued or promulgated by Deutsche Bank in
Singapore to a person who is not an accredited investor, expert investor or institutional investor (as defined in the applicable
Singapore laws and regulations), they accept legal responsibility to such person for its contents.

Taiwan: Information on securities/investments that trade in Taiwan is for your reference only. Readers should independently
evaluate investment risks and are solely responsible for their investment decisions. Deutsche Bank research may not be
distributed to the Taiwan public media or quoted or used by the Taiwan public media without written consent. Information on
securities/instruments that do not trade in Taiwan is for informational purposes only and is not to be construed as a
recommendation to trade in such securities/instruments. Deutsche Securities Asia Limited, Taipei Branch may not execute
transactions for clients in these securities/instruments.

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 undertake only the financial services activities that fall within the
scope of its existing QFCRA license. Its principal place of business in the QFC: Qatar Financial Centre, Tower, \West Bay, Level
5, PO Box 14928, Doha, Qatar. This information has been distributed by Deutsche Bank AG. Related financial products or
services are only available only to Business Customers, as defined by the Qatar Financial Centre Regulatory Authority.

Russia: The information, interpretation and opinions submitted herein are not in the context of, and do not constitute, any
appraisal or evaluation activity requiring a license in the Russian Federation.

Kingdom of Saudi Arabia: Deutsche Securities Saudi Arabia LLC Company (registered no. 07073-37) is regulated by the
Capital Market Authority. Deutsche Securities Saudi Arabia may undertake only the financial services activities that fall within
the scope of its existing CMA license. Its principal place of business in Saudi Arabia: King Fahad Road, Al Olaya District, P.O.
Box 301809, Faisaliah Tower - 17th Floor, 11372 Riyadh, Saudi Arabia.

United 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 available only to Professional Clients, as defined by the Dubai Financial Services
Authority.

Australia and New Zealand: This research is intended only for 'wholesale clients' within the meaning of the Australian
Corporations Actand New Zealand Financial Advisors Act, respectively. Please refer to Australia-specific research disclosures
andrelated information at https://australia.db.com/australia/content/research-information.html Where research refers to any
particular financial product recipients of the research should consider any product disclosure statement, prospectus or other
applicable disclosure document before making any decision about whether to acquire the product. In preparing this report,
the primary analyst or an individual who assisted in the preparation of this report has likely been in contact with the company
thatisthe subject of thisresearch for confirmation/clarification of data, facts, statements, permission to use company-sourced
material in the report, and/or site-visit attendance. Without prior approval from Research Management, analysts may not
accept from current or potential Banking clients the costs of travel, accommodations, or other expenses incurred by analysts
attending site visits, conferences, social events, and the like. Similarly, without prior approval from Research Managementand
Anti-Bribery and Corruption (“ABC"”) team, analysts may not accept perks or other items of value for their personal use from
issuers they cover.

Additional information relative to securities, other financial products or issuers discussed in this report is available upon
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