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D AR NN BV | M Asset allocators scarred by the financial

crisis might find some soothing news from data that shows the markets
“returned to normalcy;” at least along one dimension important to allocators.
The long term co-movements of most assets, both within and across asset
classes, have fallen to pre-2008 levels. The decline has accelerated during
the past six months.
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ASSET CLASS CORRELATIONS: RETURN TO NORMALCY?

With scars still raw from the World War |, then Senator and candidate for the 1920 U.S. Presidential election
Warren Harding promised a “return to normalcy.” Asset allocators today might empathize, and not just

because they need to interpret politicians prone to malapropisms. During the Great Recession and subsequent
interventions by policy makers, high asset return correlations limited options for diversification. Allocators
scarred by these conditions might find solace in data showing that the markets “returned to normalcy,” at least
along one dimension important to asset allocators. Specifically, the long term co-movements of most assets, both
within and across asset classes, have fallen to pre-2008 levels. This decline has accelerated during the past six
months. While most allocators will not forget the lessons they learned from recent years, they may not need to
continue to run their portfolio on war footing or accept excuses from managers citing unusual global forces for

performance.

LONG TERM, PAIRWISE CORRELATIONS WITHIN
ASSET CLASSES HAVE FALLEN

Soldiers in the trenches along the Western front during
World War | may have felt like they had nowhere to run.
Investors, particularly those heavily exposed to equity
markets, may have felt a milder but similar sensation,
particularly 2008-2013. Figure 1 depicts the challenge.

Using a sample of monthly returns for 74 securities—42
country equity indices, 16 government sovereign

bond with ten-year maturity, nine currencies, and
seven commodities—Figure 1 plots five-year rolling
correlations within an asset class (see appendix for
alist of instruments). To ensure a consistent set of
instruments, the time series data starts in 1995 and the
plot begins in 2000.

For all four asset classes, correlations spiked at the
onset of the financial crisis in late-2008 after a decade
of relative stability. Pairwise equity correlations reached
nearly 70 percent from a pre-crisis level of approximately
40 percent. Equity correlations plateaued near this
elevated level for more than five years. The shape of the
line plot for commodities appears similar, although the
max correlation peaked at a lower level (approximately
35 percent). Currency and sovereign bond correlations
alsorose in 2008, though bond correlations slowly
declined following the initial spike.

More interestingly, pairwise correlations for all four
asset classes have fallen an average of 6.2 percentage
points during the past six months. Despite this fall, the
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Average 5-year rolling correlations within asset classes.
Source: Bloomberg, GFD, and authors’ computation

rolling five-year level of two out of the four asset classes
have correlations above their pre-2008 means, perhaps
reflecting the continued, outsize role that central banks
play in many economies.’

LONG TERM, CO-MOVEMENT ACROSS ASSET
CLASSES HAS ALSO FALLEN

The story appears similar across asset classes. Since
differing signs (e.g., negative correlation between equity
and bonds) might confound a pairwise correlation
analysis, Figure 2 plots the percent of return variability
explained by the first three principal components (PCs)
obtained from a Principal Component Analysis (PCA).

1 The pre-2008 means are 29%, 42%, 15%, and 42%, for currencies, stocks,
commodities, and bonds, respectively. Current levels as of December 2016 are
43%, 39%, 18%, and 39% (in the same order)
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FIGURE 2
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Variability of 5-year correlations across 74 securities explained by the first
three principal components (PCs).
Source: Bloomberg, GFD, and authors’ computation

As above, the results use a rolling five-year window for
74 securities across the same four asset classes. Each PC
represents a statistical risk factor that can explain part of
the co-movement across securities.

The explained variability of the first three PCs

appears relatively stable prior to 2008, with the first

PC accounting for an average of 50 percent of the
correlations. While these PCs represent statistical
instead of economic or intuitive factors, the first PC has
a common interpretation. Since almost all securities have
a positive loading on the first PC, this factor appears
consistent with global economic growth relative to
expectations.” Interpretations of the second and third
PCs appear less obvious.

Similar to the pairwise correlations, evidence that the
2008 financial crisis increased global commonality
appears clear from the large spike in Figure 2 at the end

of that year, when the explained variability of the first PC
jumped by approximately 20 percentage points. At the
end of 2008, the first three PCs (in sum) accounted for
nearly 90 percent of the variation. In plainer language,
only three factors explained nearly all of the co-movement
across major liquid asset classes during the most
tumultuous part of the financial crisis.

More recently, the percent of variability explained by the
first PC has fallen by about 10 percentage points over
the past six months, to a level slightly above to its pre-
2008 average. The second and third PCs pick up some

2 Over shorter time horizons, one might consider this a “risk on/risk off” factor.

of that loss, but, on net, the co-movement across asset
classes has fallen. The trend (particularly for the first PC)
also appears favorable for asset allocators hoping to find
greater variability and therefore greater diversification
across asset classes.

ENJOY THE RELATIVELY NORMAL TIMES WHILE
THEY LAST

The causes of changes in intra- and inter-asset class co-
movement remain an open question,” but its existence
raises a few important considerations for asset allocators.
First and most obviously, some managers attributed their
portfolio’s performance to the lingering effects of the
financial crisis. That excuse appears increasingly thin.

Second, making asset allocation decisions with a risk
framework (empirical or otherwise) that includes the
financial crisis will likely appear very different from
decisions utilizing a risk framework that excludes the
crisis. It is not obvious that assuming and naively applying
a “longer time series is better” mentality will generate
amore accurate forecast. The scars from the Great
Recession might offer useful lessons, but those scars
might also scare allocators away from taking (hopefully)
compensated risks to achieve their objectives.

Third, allocators might take care to constantly update
their risk framework. Correlations change during good
times and bad. President Harding’s “return to normalcy”
did not last long. As students of economic history may
recall, the U.S. economy fell into a deep depression from
1920-1921 and then an even deeper depression less
than a decade later. The years in between appeared more
“roaring” than normal. For an allocator, it might prove
better to constantly update a risk forecast than hope that
the normal times last.

Finally, if the elevated commonality is the result of
financial markets and economies becoming structurally
more integrated, realizing the benefits of diversification
may prove difficult for investors. While this challenge
becomes especially acute during crisis periods, when
diversification feels especially important, it tends to
persist for several years after the crisis and induce
allocators to long for the normal old days.

3 Angand Bekeart (2002) point to the role of financial crises. Wurgler (2010)
highlights the role of index investing.
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DATA APPENDIX

Asset Class (Source) Ticker

Stock (Bloomberg) MSCIITALY, MSCI SPAIN, MSCI PORTUGAL, MSCI FRANCE,
MSCI GERMANY, MSCI UK, MSCI AUSTRIA, MSCI BELGIUM,
MSCI DENMARK, MSCI FINLAND, MSCI IRELAND, MSCI
NETHERLANDS, MSCI NORWAY, MSCI SWEDEN, MSC|
SWITZERLAND, MSCI CZECH REPUBLIC, MSCI HUNGARY,
MSCI POLAND, MSCI RUSSIA, MSCI TURKEY, MSCI CANADA,
MSCI BRAZIL, MSCI MEXICO, MSCI COLOMBIA, MSCI
ARGENTINA, MSCI PERU, MSCI CHILE, MSCI CHINA, MSCI
INDIA, MSCI INDONESIA, MSCIISRAEL, MSCI JAPAN, MSC]
MALAYSIA, MSCI PHILIPPINES, MSCI SINGAPORE, MSCI
TAIWAN, MSCI THAILAND, MSCI SOUTH AFRICA, MSCI EGYPT,
MSCI AUSTRALIA, MSCI KOREA, MSCI US

Bond (Global Financial Data) IGAUS10D, IGAUT10D, IGBEL10D, IGCAN10D, IGDEU10D,
IGDNK10D, IGFRA10D, IGGBR10D, IGIND10D, IGIRL10D,
IGITA10D, IGJPN10D, IGMYS10D, IGTHAL0D, IGTWN10D,
IGUSA10D

Currency (Bloomberg) AUDUSD, CHFUSD, EURUSD, GBPUSD, USDCAD, USDJPY,
USDSEK, USDZAR, MXNUSD

Commodity (Bloomberg) C 1 Comdty, CO1 Comdty, GC1 Comdty, HG1 Comdty, NG1
Comdty, SI1 Comdty, W 1 Comdty
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INTERESTING TECHNOLOGY-RELATED ARTICLES

Two Sigma views itself as a technology company that applies a rigorous, scientific method-based approach to
investment management. Our technology is inspired by a diverse set of fields including artificial intelligence
and distributed computing. Occasionally, we read articles in the popular press that describe applications of
technology that we find interesting, thought-provoking, and relevant for people thinking about improving the
investment management process. Below is a subset of the articles we read this month. Please do not view the
inclusion of these articles as an endorsement by Two Sigma of their viewpoints or the companies discussed
therein. Two Sigma welcomes discussions (and contributions) about these and other such technology-related
articles.

“CMU-led Nonprofit Lands Major Robotics Grant ” by Don Hopey

http://www.forbes.com/sites/maggiemcgrath/2016/12/05/in-a-hedge-against-a-meatless-future-tyson-foods-launch-
es-150-million-ve-fund/#2eal1fcf85d01

American Robotics, a Carnegie Mellon University-led non-profit, will receive more than $250 million funding from
the U.S. Department of Defense and other government, industry, and academic partners to launch the Advanced
Robotics Manufacturing (ARM) Innovation Hub in Pittsburgh. The initiative is a public-private partnership program
aimed to develop technology and workforce training for sectors including aerospace, automotive, electronic, and
materials in order to make the US a leader in industrial robotics, compared to Germany and Japan who currently
dominate the market. The ARM Innovation Hub is part of the Manufacturing USA Institute network, which has more
than $1 billion in federal funding and more than $2 billion in private funding.

“DARPA Wants to Create Secure Data-sharing Tech ” by Sharon Gaudin

https://www.technologyreview.com/s/603046/meet-the-worlds-first-completely-soft-robot/?utm_campaign=inter-
nal&utm_medium=homepage&utm_source=features_1

The Defense Advanced Research Projects Agency (DARPA), the research division of the Department of Defense,
announced that it is developing a way for U.S. troops in remote areas around the world to securely send and receive
digital information. The project would be applicable for handheld devices, laptops, or tactical radios, and would
create anetwork that links devices without needing to route traffic through data centers. Another part of the project
would include creating better threat-detection software. This research may eventually be released for enterprise
purposes so that companies can more securely communicate with their customers.
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IMPORTANT DISCLAIMER AND DISCLOSURE INFORMATION

Thisreportis prepared and circulated for informational and educational purposes only and is not an offer to sell or the solicitation of an offer to buy any
securities or other instruments. The information contained herein is not intended to provide, and should not be relied upon for investment, accounting,
legal or tax advice. This document does not purport to advise you personally concerning the nature, potential, value or suitability of any particular sector,
geographic region, security, portfolio of securities, transaction, investment strategy or other matter. No consideration has been given to the specific
investment needs or risk-tolerances of any recipient. The recipient is reminded that an investment in any security is subject to a number of risks including
the risk of a total loss of capital, and that discussion herein does not contain a list or description of relevant risk factors. As always, past performance is no
guarantee of future results. The recipient hereof should make an independent investigation of the information described herein, including consulting its
own tax, legal, accounting and other advisors about the matters discussed herein. This report does not constitute any form of invitation or inducement

by Two Sigma to engage in investment activity.

The views expressed herein are not necessarily the views of Two Sigma Investments, LP or any of its affiliates (collectively, “Two Sigma”) but are derived
from the Two Sigma Alpha Capture system (the “Alpha Capture System”), which gathers inputs from sell-side contributors (not analysts) to the Alpha
Capture System who receive compensation for their participation, as further described in the section titled “Brief Explanation of the Data” (page 1
hereof) and the document titled “Overview of the Two Sigma Alpha Capture System”. Such views (i) may be historic or forward-looking in nature, (ii)
reflect significant assumptions and subjective judgments of the contributors to the Alpha Capture System as well as, in some instances, the authors

of this report, and (iii) are subject to change without notice. Two Sigma may have market views or opinions that materially differ from those discussed,
and may have a significant financial interest in (or against) one or more of such positions or theses. In some circumstances, this report may employ data
derived from third-party sources. No representation is made as to the accuracy of such information and the use of such information in no way implies an

endorsement of the source of such information or its validity.

This report may include certain statements and projections regarding the anticipated future performance of various securities, sectors, geographic
regions or of the Alpha Capture System generally. These forward-looking statements are inherently subject to significant business, economic and
competitive uncertainties and contingencies, many of which are beyond our control. In addition, these forward-looking statements are subject to
assumptions with respect to future business strategies and decisions that are subject to change. Factors which could cause actual results to differ
materially from those anticipated include, but are not limited to: competitive and general business, economic, market and political conditions in the
United States and abroad from those expected; changes in the legal, regulatory and legislative environments in the markets in which Two Sigma
operates; and the ability of management to effectively implement certain strategies. Words like “believe,” “expect,” “anticipate,” “promise,” “plan,” and

other expressions or words of similar meanings, as well as future or conditional verbs such as “will,” “would,” “should,” “could,” or “may” are generally

intended to identify forward-looking statements.

Two Sigma makes no representations, express or implied, regarding the accuracy or completeness of this information, and the recipient accepts all

risks in relying on this report for any purpose whatsoever. This report is being furnished to the recipient on a confidential basis and is not intended for
public use or distribution. By accepting this report, the recipient agrees to keep confidential the existence of this report and the information contained
herein. The recipient should not disclose, reproduce, distribute or otherwise make available the existence of and/or all or any portion of the information
contained herein to any other person (other than its employees, officers and advisors on a need-to-know basis, whom the recipient will cause to keep
the information confidential) without Two Sigma’s prior written consent. This report shall remain the property of Two Sigma and Two Sigma reserves the

right to require the return of this report at any time.
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