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= Lastyearwasdominated by concernsthatthe US economy may be nearthe
precipice of a recession. Despite these anxieties, the economy weathered
global crosscurrents reasonably well. No place was this resilience more
evident than in the unemployment rate, which fell to a fifty-year low, a
testament to its reliability as a real-time indicator of recession risks. This
lesson is embedded in the now well-known Sahm rule.

= In this note, we argue that because the unemployment rate lags, jobless
claims are preferred as a real-time recession indicator, particularly at the
onset of the downturn. To show this, we use a receiver operating
characteristic (ROC) framework to assess the accuracy of various
indicators. This approach shows clearly that both initial and continuing
jobless claims are more reliable and timely real-time recession indicators
than the unemployment rate. Claims also dominate other popular
indicators including the ISM manufacturing index and yield curve slope.

= Ourapproach finds that continuing claims are the "optimal" indicator, and
that a 11.5% rise relative to the minimum over the past year provides the
most accurate signal. Historically, this indicator would have correctly
identified each recession dating back to the 1960s an average of almost 2
months before the start date, roughly 6 months before the Sahm rule on
average.

Figure 1: ROC framework finds jobless claims are preferred recession indicators
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Introduction

Last year was dominated by concerns that the US economy may be near the
precipice of a recession. Among the signals promoting that possibility, key yield
curve recession indicators became deeply inverted, the ISM manufacturing index
plunged to sub-50 levels, C-suite confidence crumbled, and there were early signs
that this business pessimism was spilling over to labor market decisions as average
hours worked and wage growth dipped.

Despite these (at times) widespread anxieties, the economy weathered global
crosscurrents reasonably well, no doubt helped by a dissipation of downside risks
from trade policy and Brexit late in the year. No place was this resilience more
evident than in the unemployment rate, which fell nearly half a percentage point
overtheyearto afifty-year low. The steady decline in the unemploymentrate during
a tumultuous period filled with mixed signals about the economy’s fate speaks to
its reliability as a real-time indicator of recession risks. Indeed, the unemployment
rate’s dependability is the foundation of the now well-known Sahm rule, which
states that a half pointrise in the unemployment rate from its low over the past year
tends to signal a recession.’

In this report we argue that jobless claims could well provide a better real-time
indicator for recessions, particularly for the onset of a downturn, than the
unemployment rate and provide a framework for assessing the performance of
various variables for predicting recessions. This approach — a receiver operating
characteristicframework—concludes thatbothinitial and continuing jobless claims
significantly outperform the unemployment rate in predicting the onset of
recessions in a timely manner. We also find that jobless claims meaningfully
outperform other popularmeasures such as the ISM manufacturing index andyield
curve slope metrics. Our framework allows us to identify continuing claims as the
preferredindicatorforassessing real-time recessions risks, and conclude thatarise
in continuing claims of 11.5% above the minimum level over the previous year
provides the most accurate and timely signal of recession risks.

A case for claims as a real-time recession indicator

A reliable real-time recession indictor should have three features: (1) subject to
minimal revision, (2) updates available in a timely manner, and (3) accurate (i.e., it
should limit false positives and negatives). The unemployment rate, which is the
foundation for the Sahm rule, satisfies these requirements: itis unrevised, updated
at the beginning of each month as part of the BLS jobs report, and, given a proper
transformation, can be an accurate indicator of recessions. Indeed, as Claudia
Sahm showed, when transformed to consider the current three-month average of
the unemployment rate versus the minimum level over the prior twelve months, a
half percentage point rise turns out to be a reliable real-time indicator of recession
risk. Every post-war recession has coincided with the unemployment rate rise
reaching this threshold (Figure 2). This indicator also provides very few false
positives, with only a temporary rise above the 0.5 level in November 1976 that did
not coincide with a recession. There were two other close calls in 1967 and 2003
when the indicator rose to a level just short of this threshold (0.47) when recessions

1 Specifically, the Sahm rule considers the three-month moving averages of the unemployment rate in
these calculations. See: Sahm, Claudia (May 16, 2019), “Direct stimulus payments to individuals.”
Chapter three of Recession ready: Fiscal policies to stabilize the American economy, The Hamilton
Project.
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did not occur.

Figure 2: Sahm rule recession indicator with 0.5pp threshold
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However, the unemployment rate is not without its shortfalls as a real-time
recession indicator. Since the unemployment rate is a lagging indicator, its rise to
the 0.5 percentage point mark typically occurs with some lag versus the start of a
recession, as determined ex-post by the NBER. As shown in Figure 3, the Sahm
threshold is typically breached about 4 months following the start of a recession,
with arange of -1 (i.e., one month prior to the NBER recession date) to 5 months for
recessions dating back to the late 1960s. For a similar reason, the unemployment
rate does not act as a leading signal that the economy may be imminently entering
arecession, a shortcoming thatis likely more important from a market perspective.

It is important to note the intent of the Sahm rule was not to identify an optimal
real-time recession indicator. Instead, it was aimed at finding a simple and reliable
rule of thumb to use for triggering automatic countercyclical fiscal policies. Indeed,
Sahm recognized the potential drawback of using the unemploymentrate as areal-
timerecessionindicatorin herresearch, stating that “the unemploymentrate tends
tolagthe businesscycle, suchthatunemploymentusually peaks afterthe recession
has ended. The slow-moving nature of the unemployment rate implies that it gives
little advance warning of recessions.”

Figure 3: Sahm rule tends to lag start of recessions

Recession
NBER Dec-69 Nov-73 Jan-80 Jul-81  Jul-90 Mar-01  Dec-07
Sahm Nov-69 Apr-74 May-80 Dec-81 Dec-90  Jul-01 May-08
Sahm lag (months) -1 5 4 5 5 4 5

Note: We have reflected the fact that the unemployment rate for a given month is not made available until the following month. Source : Deutsche Bank |

The nature of these shortcomings points to a natural alternative to the
unemploymentrate as a real-time indicator for recession risks — jobless claims. Like
the unemployment rate, jobless claims are little revised, timely given that they are
updated on a weekly basis, and are likely to be reliable given the high
contemporaneous correlation with the unemployment rate (more than 80% at a
monthly frequency). However, jobless claims also have the potential to provide a

Deutsche Bank Securities Inc. Page 3
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timelier indicator around the start of recessions. Claims tend to lead the
unemployment rate, particularly around turning points, with the trough (peak) in
claims typically occurring before the trough (peak) in unemployment (see Figures
4 and 5). For example, the contemporaneous correlation between initial jobless
claims and the unemployment rate is 83%, but the correlation rises to 88% with a
three-month lead for initial claims. Similarly the contemporaneous correlation
between continued claims and the unemployment rate is 81%, which rises slightly
to 83% with a two-month lead.

Figure 4: Initial jobless claims highly correlated with, and Figure 5: ...The same is true for continued jobless claims
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There is a second sense in which jobless claims may provide a better real-time, or
even leading, indicator than the unemployment rate. Because jobless claims are
weekly, there is only a week lag between the time period of the data and the public
release of the data. This compares with about a month between the time period of
the unemployment rate and its public release.

Of course, considering jobless claims instead of the unemployment rate as a real-
time indicator for the economy also has a potential downside. Claims can be more
volatile, with weekly distortions occurring due to weather events, government
shutdowns, and difficulties seasonally adjusting the data during certain periods —
the floating Thanksgiving holiday is a well-known example. Consequently, to
extract a reliable signal from jobless claims, some smoothing is likely required,
which could offset some of the leading capabilities relative to the unemployment
rate. In the next section we discuss a framework for assessing the performance of
these and other potential recession indicators.

Choosing a metricc A modified receiver operating
characteristic (ROC) framework

Arecession indicator of the kind we discuss in this piece is essentially setting some
threshold for which once the data series crosses that level, then we say the data
points to a recession being currently underway. It is important to pick informative
and timely data series to predict a recession for all the reasons discussed in the
previous section. However, equally important is the level at which the threshold is
set. If we set the threshold too liberally, then the data set will correctly predict all
recessions but at the cost of many false positive signals. If we set the threshold too
stringently, then we run the risk of not calling the recession at all.

Page 4
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Setting the threshold for a given data series involves a tradeoff between the true
positive rate (TPR), which records the percentage of time in which we correctly call
arecession, and the false positive rate (FPR), which records the percentage of time
we incorrectly call a recession. Plotting the FPR on the x-axis versus the TPR on the
y-axis for all possible threshold values traces out what is called that data series’
receiver operating characteristic (ROC) curve.? By graphically showing the tradeoff
between both calling a recession and being able to discern a non-recession
correctly for all possible thresholds, the ROC curve very succinctly summarizes an
indicator's accuracy.

| Figure 6: ROC curve for the unemployment rate
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We show the ROC curve for the three-month moving average of the unemployment
rate in Figure 6. Each point along that curve represents the FPR and the TPR for a
given threshold over the minimum over the past twelve months. For example, the
indicated point on the graph corresponds to the Sahm rule, which says a recession
is in effect when the three-month moving average of the unemployment rate is
50bps above the minimum level over the past 12 months. Another point on the
curve would representadifferentthreshold, say 30bps above the minimum overthe
past 12 months, which would have a different predictive ability (FPR and TPR).

Clearly, the Sahm rule does have some significant recession indicating ability.
Comparedtorandomly calling arecession 8.5% of the time (which would give a TPR
and FPR of 8.5%), the Sahm rule is able to get a 75.2% hit rate. However, there may
be some scope for improvement. As discussed above, the lower than perfect
recession predicting power of the Sahm rule stems largely from it missing the start
of recessions. Relative to the Sahm point in Figure 5, a better recession indicator
would either be located above (a higher TPR for a given FPR) or to the left
(accomplish a given TPR but with a lower FPR). The perfect recession indicator
would be upinthe top left corner with 100% TPR and 0% FPR. Therefore to evaluate
a data series' recession indicating abilities as a whole across different thresholds,
we want to look for ROC curves that hug the upper-left part of the graph.

2 We make a small modification to this framework in order to not overly penalize data series that have
slight leading or lagging properties. For more details, please refer to Annex A.
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Constructing ROC curves for different indicators

We construct ROC curves for several different indicators: the three-month moving
average of the unemployment rate relative to its minimum over the past 12 months
as discussed above; the 4-week moving average of initial unemployment claims
relative to its minimum over the past 12 months; the 4-week moving average of
continuing unemployment claims relative to its minimum over the past 12 months;
the three-month moving average of the level of the manufacturing ISM; and the 4-
week moving average of 10y-3m Treasury spread (lagged by 52-weeks to capture
the leading properties of the yield curve).®

Figure 7: ROC curves for major indicators
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We show the ROC curve for each of these series in Figure 7. Jobless claims, either
initial or continuing, dominate the other series in terms of recession indicating
ability in that they are able to achieve higher hit rates for a given level of false
positives. This outperformance can be seen easily by the fact that these lines are
uniformly closer to the upper-left part of the graph. Remember, this is not a
statement about the relative accuracy of particular values for thresholds. For
example, there exists some thresholds in which, for a given FPR, the ISM is a more
accurate recession indicator than the unemployment rate. There are also
thresholds where the reverse is the case. However, regardless of how sensitive we
set our thresholds, jobless claims do a better job at indicating a recession than the
unemployment rate, ISM, and the yield curve.

"Optimal" recession indicators

The analysis in the previous section provides a framework to determine which data
series are generally better recession indicators. However, further narrowing the
scope to the best threshold at which to declare a recession involves making a
judgement about the tradeoff between false and true positives. For each indicator,
we take the “optimal” threshold level to be that which has a TPR and FPR closest

3 Wecouldalsochangethe lookback period over which the minimum is compared to. We generally found
that a one-year lookback period performed the best.
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to the perfect indicator point.* This metric balances the tradeoff between true
positives and false positives. Obviously, a metric that puts different weights on true
versus false positives would yield different “optimal” thresholds.

According to this metric, the optimal thresholds to declare arecession are when the
4-week averageis 14.1% and 11.5% above the minimum over the last year for initial
and continuing claims, respectively. These thresholds produce a 95.0% TPR with a
6.0% FPR for initial claims and 94.4% TPR and 3.7% FPR for continuing. For
comparison, the TPR and FPR for the Sahm rule as mentioned above are 75.2% and
8.5%, respectively. Therefore, the ROC framework reveals that both initial and
continuing jobless claims outperform the unemployment rate whether the
threshold is set according to the Sahm rule.

Figure 8: Recession indication from continuing claims Figure 9: Recession indication from Sahm rule
Recession == Continuing Claims Recession e Sahm
—
89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12

Source : Dol, Haver Analytics, Deutsche Bank | Source : BLS, Haver Analytics, Deutsche Bank

Interestingly, the optimal threshold for the unemployment rate is about 23bps,
which produces a TPR and FPR of 91.3% and 13.5%, respectively. This suggests
that the Sahm rule of 50bps is set somewhat too stringently in terms of indicating
recessions. To be fair, the Sahm rule was not necessarily developed to accurately
predictthe onset of a recession. Rather, it was intended to be used as the trigger for
automatic stabilizers that would be deployed when the economic situation became
sufficiently dire. Having automatic stabilizers kicking in for only minor bumps may
not be desirable from a policy design perspective, and thus may warrant setting a
more conservative threshold.

To get a sense of exactly how jobless claims outperforms the Sahm rule, Figures 8
and 9 show the periods for which the recession indicator would be turned on for
continuing claims (based on the optimal threshold) and the Sahmrule, respectively.
While the Sahm rule tends to begin to predict a recession several months following
the ex-post date declared by the NBER — which is not surprising given that earlier
we noted the average lag was about four months — continuing claims has predicted
arecession either contemporaneously with the ex-post NBER date or a few months
prior to that date. While the signal from the unemployment rate would be more
timely if we used the "optimal" threshold of a 0.23pp rise rather than the Sahmrule,
the unemployment rate's lagging properties would continue to point to a delayed
signal, and a lower threshold results in the indicator remaining turned "on" for too

4 \We use the Euclidean distance from the point (0,100). For a point (FPR, TPR), this is sqrt( (FPR-0)A2 +
(TPR-100)72).
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long after the conclusion of the recession (Figure 10).

Figure 11 takes Figure 2 and adds the recession indicating ability of initial and
continuing claims. The claims data seems to a better job at accurately indicating a
recession. While on average the Sahm rule indicates a recession about 4 months
too /ate, initial claims indicates a recession about a month early on average, with Focession_——opmalUR
continuing claims sounding a warning even earlier (almost two months).®

Figure 10: Recession indication from
optimal unemployment rate threshold

Figure 11: Claims data a better real-time indicator of recession

Recession
NBER Dec-69 Nov-73 Jan-80  Jul-81  Jul-90 Mar-01 Dec-07 !
Sahm NOV'69 Apr-74 May'80 DeC-81 Dec—90 JU|-01 May-08 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12
Sahm | ag (months) -1 5 4 5 5 4 5 Source : BLS, Haver Analytics, Deutsche Bank
Initial claims Nov-69 Nov-73  Jul-79 Sep-81 Aug-90 Nov-00 Dec-07
Initial claims lag (months) -1 0 -6 2 1 -4 0
Cont. claims Nov-69 Dec-73 Sep-79 Nov-81 Sep-89 Dec-00 Jan-08
Cont. claims lag (months) -1 1 -4 4 -10 -3 1

Source : BLS, Dol Haver Analytics, Deutsche Bank

Conclusion: The case of continuing claims

The preceding analysis concludes that initial and continuing jobless claims are
superior recession indicators. Between the two, we prefer continuing claims for
several reasons, despite initial claims having a marginally higher TPR. First, in
analysis not shown here, continuing claims proved to be the more robust indicator
across several "look back" windows, with its relative accuracy properties
maintained even if the window for calculating the minimum was shortened to six
months. Second, continuing claims tend to be less volatile thaninitial claims, which
as noted above, can be significantly distorted by weather events, government
shutdowns, and seasonal adjustmentissues. Third, continuing claims seems to be
amore efficientindicatorin thatitis able to generate roughly the same TPR as initial
claims, but with half the false positives.

A final reason to prefer continuing claims is that, in our view, it currently presents
amore sensible picture of recession risks. The current recessionary levels based on
the optimal thresholds are 230k for initial claims and 1854k for continuing claims.
While initial claims breached this level in December 2019 due to difficulties
seasonally adjusting the data around the moveable Thanksgiving holiday, the most
recent four-week moving average of continuing claims of 1758k remains well
below its recessionary level (Figures 12 and 13).

5 Because the recession indicators can flip between on and off, how you define the start of recession
could impact the timing of the recession signal. We use a rule of thumb that the start of the recession
signal from an indicator is when it continuously (on a monthly basis) signals a recession through the
NBER-defined start date.
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Figure 12: Initial claims breached recession threshold... Figure 13: ...but continuing claims remain well shy of their
threshold level
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Looking ahead, our analysis suggests that continuing claims should receive
significantly more attention as a real-time indicator of the economy's health. In this
context, persistently low continuing claims points to a continuation of this record-
long expansion over the coming quarters.

Annex A

The standard ROC framework is depicted in Figure 14. This framework takes an
instrument that is making a prediction, recession or no recession, and compares it
to what actually happens, recession or no recession. Based on the combinations of
predictions and actuality, there are four possible combinations, we correctly call a
recession (True Positive), we correctly call a non-recession (True Negative), we
incorrectly call a recession (False Positive), or we incorrectly call a non-recession
(False Negative). The standard ROC curve summarizes these combinations by
plotting the False Positive Rate (FPR) versus the True Positive Rate (TPR). The former
is the amount of time we incorrectly call a recession relative to the total amount of
time in which there is not a recession, and the latter is the amount of time we
correctly callarecessionrelative to the totalamountof time thatthereisarecession.

Figure 14: Standard ROC Framework

Actual
Recession No Recession
. Recession True Positive False Positive
Predicted . ) )
No Recession False Negative True Negative

Source : Deutsche Bank |

There are a couple reasons why this framework is not fully satisfying for our
purposes. The first is that the NBER Recession Dating Committee does not really
have a set criterion as to what constitutes a recession: "The Committee applies its
judgment based on the above definitions of recessions and expansions and has no
fixed rule to determine whether a contraction is only a short interruption of an
expansion, or an expansion is only a short interruption of a contraction." As such,
there is some uncertainty around the start and ending of a recession. We should,
therefore, not necessarily penalize an indicator for flashing red if there is some
chance that a recession is actually triggered in that particular period.

Deutsche Bank Securities Inc. Page 9
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Second, a recession indicator that goes off (somewhat) early is ex ante not
necessarily a bad thing. While the point of the exercise is to generate an accurate
sense of whetherthe economy is currently in arecession, forewarned is forearmed.
For example, we might prefer an indicator that gives some false positives a month
or so early rather than one that gives false negatives a couple months into a
recession. Similarly, given that the last three recessions have been followed by so-
called "jobless recoveries", we may not want to sound the all clear as soon as the
NBER Recession Dating Committee does. Despite the label of no recession, the first
couple months into a jobless recovery could look a lot like a recession.

As such, we make a small modification to the standard ROC framework, which is
summarized in Figure 15. The situation in a recession and during the bulk of an
expansion are identical to the standard ROC framework. However, we make
adjustments six months on either side of a recession. For our modified True Positive
Rate, we take the sum of True, Early, and Delayed Positives as a share of that and
False Negatives. Forour modified False Positive Rate, we take the False Positives as
a share of False Positives and True Negatives.

Figure 15: Modified ROC Framework

Actual
No Recession |
Recession Recession w/in 6mo  Recession < 6m ago Other
Predicted Recession True Positive Early Positive Delayed Positive False Positive
No Recession False Negative True Negative True Negative True Negative

Source : Deutsche Bank |

In the modified ROC framework, it is still most ideal for an indicator to perfectly
predict recessions. However, relative to the standard framework, "false" positives
up to six months before or after a recession are punished less than the false
positives that occur in the middle of an expansion.
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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 SAR: Distributed by Deutsche Bank AG, Hong Kong Branch, except for any research content relating to futures
contracts within the meaning of the Hong Kong Securities and Futures Ordinance Cap. 571. Research reports on such futures
contracts are not intended for access by persons who are located, incorporated, constituted or resident in Hong Kong. The
author(s) of aresearch report may not be licensed to carry on regulated activities in Hong Kong, and if not licensed, do not hold
themselves out as being able to do so. 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. This report is intended for distribution only to 'professional
investors' as defined in Part 1 of Schedule of the SFO. This document must not be acted or relied on by persons who are not
professional investors. Any investment or investment activity to which this document relates is only available to professional
investors and will be engaged only with professional investors.

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;
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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.

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 ||
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/oreconomic trends, and/or fluctuations in 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 (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 thisreportisissued or promulgated by Deutsche Bankin Singapore to a person whois 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
and related 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 this research for confirmation/clarification of data, facts, statements, permissionto use company-sourced
material in the report, and/or site-visit attendance. Without prior approval from Research Management, analysts may not

Page 14 Deutsche Bank Securities Inc.


https://www.db.com/ir/en/annual-reports.htm
https://www.db.com/ir/en/annual-reports.htm
https://australia.db.com/australia/content/research-information.html

24 January 2020
US Economic Perspectives

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
request. This report may not be reproduced, distributed or published without Deutsche Bank's prior written consent.

Copyright © 2020 Deutsche Bank AG
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