INSTITUTIONAL ADVISORY & SOLUTIONS

Executive Summary

WHAT CAN THE MARKETS TELL US ABOUT

FUTURE ECONOMIC GROWTH?

Historical Predictive Power of the Bond, Stock and Real Estate Markets

September 2018

AUTHORS
Sujian Zhi

Associate

Harsh Parikh, PhD
Principal
harsh.parikh@pgim.com
+1 973 802 3088

The PGIM Institutional Advisory &
Solutions group advises institutional
clients on a variety of asset allocation
and portfolio construction topics, and
delivers bespoke research based on an
nstitution’s specific objectives.

For inquiries and to learn more

about PGIM’s investment advisory
capabilities, email IAS@pgim.com.

Learn more at pgim.com/IAS

For Professional Investors
only. Not for use with the
public. All investments involve
risk, including the possible
loss of capital.

# PGIM

N

Investors often use their views of future GDP as an input when
forecasting stock and bond market returns. It would seem reasonable,
then, to turn this relationship around and argue that the bond, stock
and real estate markets, which quickly incorporate investors’ current
expectations about the future, might contain useful signals regarding
the economy’s future direction.

How well, do bond, stock and real estate markets predict future GDP? Using market data
since 1970, we evaluate several market signals and find that, in general, they have not
been very helpful in predicting next year’s GDP, or the change in next year’s GDP versus
last year.

There are reasonable arguments for why the bond, stock and real estate markets might
contain useful information about future GDP. If strong GDP is anticipated, the demand
today for bonds as an economic hedge might decline, leading to a rise in Treasury yields
(i.c., low or negative bond returns). Also, the yield curve might steepen, reflecting an
expectation of rising yields as the economy grows. For stocks, an anticipation of strong
GDP is likely to increase stock prices due to a forecast of rising dividends. Similarly; if a
strong economy is expected then real estate values are likely to appreciate today, which
will tend to reduce capitalization rates. Despite these reasonable arguments, the quality
of market signals as predictors for future GDP is an empirical issue.

We differentiate between a signal’s explanatory power and its predictive power. To
measure whether a signal can “explain” GDP, we use regression to measure the empirical
fit between the signal and GDP over a given data period. However, to measure whether
a signal can “predict” GDP, we use available market signal data as of a given time,
construct a forecast of next year’s GDP, and then assess whether the signal did a good job
predicting GDP. A signal’s predictive ability is ultimately what matters to investors.

It is possible for a signal to explain movements in GDP when looking over the entire
period. So, if we fit the combined market signals to the full data period, the signals
explained 48% of the variation in next year’s GDP and 44% of the variation in the
change of next year’s GDP (Figure 1). However, this does not mean that the signal did a
good job at predicting GDP because when forming a prediction, one cannot incorporate
data unavailable at the time of making the prediction. The average prediction error
(RMSE) for next year’s GDP (2.05 GDP percentage points) and GDP change (2.45
percentage points) were very high.



Relative to other market signals, the Treasury yield curve slope, stock market returns and the change in cyclically adjusted price-to-
earnings ratio (CAPE) have exhibited better predictive power. However, even their absolute predictive power has been relatively low,
and this power has fluctuated over time.

Figure 1: Average In-Sample R2and Prediction RMSE for Full Regression and Stepwise Regression
1978:42-2016:q1

Full Regression Stepwise Regression
Next year’s GDP GDP Change (Next Yr — Last Yr) Next year’s GDP GDP Change (Next Yr — Last Yr)

avg in-sample (R?) 0.83 0.38 0.48 0.44
out-of-sample (RMSE, %) 2.18 2.52 2.05 2.45

Note: Rolling regression uses rolling 10-year of market signal data to fit model and predict next year's GDP and GDP changes. Avg in-sample R? is the average of R? for all
iterations of rolling regressions performed. Out-of-sample RMSE compares the rolling regression prediction versus actual GDP and GDP Change.
Source: Federal Reserve Bank of St. Louis, FRED; Professor Shiller's website; NCREIF; Datastream; and PGIM IAS

Conclusion

Opverall, market signals are too volatile to provide much help to reliably predict future GDP.
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IMPORTANT INFORMATION

Past performance is no guarantee or reliable indicator of future results. All investments involve risk, including the possible loss of capital. Equities may decline in value due to both
real and perceived general market, economic and industry conditions.

All charts contained herein were created as of the date of this presentation, unless otherwise noted. Performance results for certain charts and graphs may be limited by date ranges, as
stated on the charts and graphs. Different time periods may produce different results. Charts are provided for illustrative purposes and are not an indication of past or future performance
of any PGIM product. These materials may contain hypothetical and simulated examples, which are provided for illustrative purposes only. Simulated examples have certain inherent
limitations and are generally prepared through the retroactive application of a model designed with the benefit of hindsight. There are frequently sharp differences between simulated
results and actual results. PGIM routinely reviews, modifies, and adds risk factors to its proprietary models. There is no guarantee, and no representation is made, that an investor will
achieve results similar to those shown.

These materials represent the views, opinions and recommendations of the author(s) regarding the economic conditions, asset classes, securities, issuers or financial instruments
referenced herein, and are subject to change without notice. Certain information contained herein has been obtained from sources that PGIM believes to be reliable; however, PGIM cannot
guarantee the accuracy of such information, assure its completeness, or warrant such information will not be changed. The information contained herein is current as of the date of
issuance (or such earlier date as referenced herein) and is subject to change without notice. PGIM has no obligation to update any or all of such information; nor do we make any express
or implied warranties or representations as to the completeness or accuracy or accept responsibility for errors. Any forecasts, estimates and certain information contained herein are
based upon proprietary research and should not be considered as investment advice or a recommendation of any particular security, strategy or investment product. These materials

are not intended as an offer or solicitation with respect to the purchase or sale of any security or other financial instrument or any investment management services and should not be
used as the basis for any investment decision. No liability whatsoever is accepted for any loss (whether direct, indirect, or consequential) that may arise from any use of the information
contained in or derived from this report. PGIM and its affiliates may make investment decisions that are inconsistent with the recommendations or views expressed herein, including for
proprietary accounts of PGIM or its affiliates. These materials are for informational or educational purposes only. In providing these materials, PGIM is not acting as your fiduciary. The
opinions and recommendations herein do not take into account individual client circumstances, objectives, or needs and are not intended as recommendations of particular securities,
financial instruments or strategies to particular clients or prospects. No determination has been made regarding the suitability of any securities, financial instruments or strategies for
particular clients or prospects. For any securities or financial instruments mentioned herein, the recipient(s) of this report must make its own independent decisions.

The information contained herein is provided by PGIM, Inc., the principal asset management business of Prudential Financial, Inc. (PFI), and an investment adviser registered with the
US Securities and Exchange Commission. PFl is not affiliated in any manner with Prudential plc, a company incorporated in the United Kingdom. In the United Kingdom and various
European Economic Area (“EEA”) jurisdictions, information is issued by PGIM Limited with registered office: Grand Buildings, 1-3 Strand, Trafalgar Square, London, WC2N 5HR. PGIM
Limited is authorised and regulated by the Financial Conduct Authority of the United Kingdom (Firm Reference Number 193418) and duly passported in various jurisdictions in the EEA.
These materials are issued by PGIM Limited to persons who are professional clients or eligible counterparties for the purposes of the Financial Conduct Authority’s Conduct of Business
Sourcebook. In certain countries in Asia, information is presented by PGIM (Singapore) Pte. Ltd., a Singapore investment manager registered with and licensed by the Monetary Authority
of Singapore. In Japan, information is presented by PGIM Japan Co. Ltd., registered investment adviser with the Japanese Financial Services Agency. In South Korea, information is
presented by PGIM, Inc., which is licensed to provide discretionary investment management services directly to South Korean investors. In Hong Kong, information is presented by
representatives of PGIM (Hong Kong) Limited, a regulated entity with the Securities and Futures Commission in Hong Kong to professional investors as defined in Part 1 of Schedule 1 of
the Securities and Futures Ordinance. In Australia, this information is presented by PGIM (Australia) Pty Ltd. (“PGIM Australia”) for the general information of its “wholesale” customers
(as defined in the Corporations Act 2001). PGIM Australia is a representative of PGIM Limited, which is exempt from the requirement to hold an Australian Financial Services License
under the Australian Corporations Act 2001 in respect of financial services. PGIM Limited is exempt by virtue of its regulation by the Financial Conduct Authority (Reg: 193418) under

the laws of the United Kingdom and the application of ASIC Class Order 03/1099. The laws of the United Kingdom differ from Australian laws. Pursuant to the international adviser
registration exemption in National Instrument 31-103, PGIM, Inc. is informing you of that: (1) PGIM, Inc. is not registered in Canada and relies upon an exemption from the adviser
registration requirement under National Instrument 31-103; (2) PGIM, Inc.’s jurisdiction of residence is New Jersey, U.S.A.; (3) there may be difficulty enforcing legal rights against PGIM,
Inc. because it is resident outside of Canada and all or substantially all of its assets may be situated outside of Canada; and (4) the name and address of the agent for service of process
of PGIM, Inc. in the applicable Provinces of Canada are as follows: in Québec: Borden Ladner Gervais LLP, 1000 de La Gauchetiere Street West, Suite 900 Montréal, QC H3B 5H4; in British
Columbia: Borden Ladner Gervais LLP, 1200 Waterfront Centre, 200 Burrard Street, Vancouver, BC V7X 1T2; in Ontario: Borden Ladner Gervais LLP, Scotia Plaza, 40 King Street West,
Toronto, ON M5H 3Y4; in Nova Scotia: Cox & Palmer, Q.C., 1100 Purdy’s Wharf Tower One, 1959 Upper Water Street, P.0. Box 2380 - Stn Central RPO, Halifax, NS B3J 3E5; in Alberta:
Borden Ladner Gervais LLP, 1000 Canterra Tower, 400 Third Avenue S.W., Calgary, AB T2P 4H2.
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