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Untangling the Web

Across global financial markets, different asset classes
rise and fall: sometimes in the same direction, sometimes
the opposite, sometimes with no discernible connection.

The extent, pace and duration of the movements can vary. Shifts in one asset class may affect another, or
the same underlying force may drive them all in the same or different ways.

Understanding the causes and effects of all these asset class correlation patterns is key to understanding
true portfolio risk factor exposures and the embedded assumptions that inform investment decisions.
(For turther reading, PIMCO’s quantitative research and analytics team offers a rigorous look at stock-
bond correlation and how it evolves across different time periods and measurement horizons — please
see “The Stock-Bond Correlation™ by Nic Johnson, Vasant Naik, Niels Pedersen and Steve Sapra.)

History offers clues into correlation patterns, though it's important to stay alert to unprecedented
trends, causes and effects as well. Looking at the recent past, cross-asset correlations broadly rose in the
aftermath of the 2008-2009 financial crisis, driven by global central bank interdependence and investor
risk sentiment. However, the correlation framework began to shift in 2013 - prompted, at least in part, by a
brief comment from one of the world’s most powertul central bankers.

Federal Reserve Chairman Ben Bernanke’s testimony to Congress on 22 May 2013 was expected to be a
sleeper event. But in the Q&A session, he mentioned that he expected to begin tapering the Fed’s
purchases of Treasury and mortgage securities later that year. His comment set off one of the most
extreme bouts of volatility in financial markets since the global financial crisis. Not only did the U.S.
10-year Treasury yield soar 140 basis points (bps) in the subsequent months, risk assets with no direct
relationship to Fed purchases (such as emerging market currencies) were crushed under the forced
unwind of carry trades across the market landscape.

The “taper tantrum” and ensuing market effects were a powerful display of the connectivity or
correlation of global financial markets. (The saying is true that correlation does not always mean
causation — it’s possible that seemingly related movements are just coincidence — but most correlations
in markets can be traced to similar underlying forces.) Another common example of a causal
relationship is how a currency’s valuation can be driven by the price of the country’s primary export

— think of the Norwegian krone and oil, or the Chilean peso and copper. These various causal
relationships interwoven throughout financial markets collectively form the correlation framework (we
could envision it as a web of thousands of strands) under which investors attempt to understand price
movements across disparate asset classes.



EVER-CHANGING CORRELATIONS

Cross-asset correlations are not static.
The strength and direction of pairwise
correlations, as well as the relationships
within broader risk factors, change
often (and sometimes rapidly) due to
fundamental or technical factors. Since
the financial crisis in 2008, global
correlations have been stronger than
previous correlations (despite the taper
tantrum and other market surprises),
and we can make educated
assumptions on contributing factors.

First, changes in central bank
accommodation have become one of
the most important drivers of returns
and volatility. Even though monetary
policy has always been an important
factor in financial markets, the engines
of economic growth were less reliant on
central banks in the pre-crisis era —
think of China’s accession into the
World Trade Organization or the
technology boom in the U.S., both of
which spurred economic growth
independently of central bank policy.
But today, major developed economies
face aging demographics and lower
productivity growth and are thus
addicted to monetary accommodation
in order to sputter along. Consequently,
central bank policies affect all asset
classes and carry global reverberations.
As a result of this, investor sentiment
seems increasingly dominated by a
smaller number of themes: energy
prices, China’s outlook and policies,
recession fears. And finally, the presence
of algorithmic traders and market-
makers has increased, which can cause
liquidity and trading decisions to be
expressed quickly (in a “flash™) across
many asset classes.

PIMCO’s broad cross-asset correlation
index (see Figure 1) comprises 20 asset
series covering global equities, rates,
currencies and commodities.
Correlations during the 2008-2013
period were exceptionally strong but
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decoupled slightly after the taper
tantrum in 2013, nevertheless
remaining stronger than pre-crisis.
Traumatized by the crisis, many
investors worry about the fragility of
the long and slow economic recovery.

SURPRISING RELATIONSHIPS

Today’s environment of relatively
strong cross-asset correlations under
activist central banks contains some
surprising new causal relationships,
which in turn have investment
ramifications. One prominent recent
example is China’s currency
devaluation in August 2015 and

the resultant tightening of U.S.

swap spreads.

Swap spreads represent the difference
in yield between a U.S. Treasury bond
backed by the full faith and credit of
the U.S. government and the rate on an
equivalent swap that one can enter into
with a counterparty, typically a bank.!
In the post-crisis era, the two primary
drivers of swap spreads have been

corporate issuance over the short term
and the U.S. government budget
deficit/surplus over the medium term.?
China’s unexpected currency
devaluation in August 2015 changed
this dynamic. After the devaluation,
China’s central bank is believed to have
sold a large amount of two- to three-
year U.S. Treasuries in order to free up
foreign reserves to defend the currency
and to meet capital outflows. The
dealers who bought these bonds were
incapable of holding such large
positions on their reduced balance
sheets under the new Dodd-Frank
regulatory regime. Consequently,
dealers oftloaded these Treasury
securities into the market, and the
sudden increase in supply drove up
bond yields, most notably against swap
rates — which, unlike Treasuries, do not
require the use of balance sheet. Over
the subsequent three months, swap
spreads tightened 20 bps as the market
digested this flow.

Figure 1: Cross-asset correlations remain higher than in the

pre-crisis period
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Source: Bloomberg data and PIMCQ analysis as of August 2016. The PIMCO Broad Cross-
Asset Correlation Index is a proprietary index comprising 20 asset series covering global
equities, rates, currencies and commodities. The Index data displayed above is defined as
the inverse log-determinant of 180-day rolling-window return correlation matrices.

QE = quantitative easing (the Federal Reserve's large-scale asset purchase program).



China’s devaluation prompted a
dramatic change in how swap spreads
trade. Under the new framework, a
view on swap spreads entails a view on
emerging market central banks,
whereas in the traditional framework
the main considerations were limited
to corporate issuance and the budget
deficit. This new causal relationship
can be seen in the covariance (a
measure of correlation and volatility)
between five-year swap spreads and the
CNH currency (the Chinese yuan
traded offshore), which has returned to
normality after Brexit concerns turned
investor attention away from China
again — see Figure 2.

Heightened cross-asset correlations
can have economic implications as well
—a key example is the interdependence
between global financial conditions
and the Federal Reserve’s policy path.
With the U.S. unemployment rate
currently at 5% and inflation expected
to converge toward target over the
medium term, some observers would
argue that domestic conditions
warrant additional hikes in the policy
rate. However, this would inevitably
lead to a stronger U.S. dollar against
the backdrop of negative interest rates
in Europe and Japan. Dollar strength
versus the euro and yen would also
drive up the value of the Chinese yuan,
which is linked to the dollar. But unlike
the U.S., China’s domestic conditions
do not justify a stronger currency and
in fact may not be able to cope with the
accompanying drag on exports.

The reaction function of the Chinese
central bank to an unwelcome
currency appreciation could destabilize
risk sentiment and potentially bring
about disorderly U.S. dollar strength,
wider credit spreads and increased
likelihood of global deflation. Under
such a tightening of financial
conditions, the U.S. private sector
would face higher borrowing costs and
decreased export competitiveness,
hindering the tenuous economic
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Figure 2: A once stable relationship between swap spreads and the
CNH takes a dramatic turn
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Source: Bloomberg data and PIMCO analysis as of August 2016

Figure 3: An index marks periods of significant changes in
correlation structure
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Source: Bloomberg data and PIMCO analysis as of August 2016. The Correlation Structure
Change Index is designed to detect short-term movement in a sequence of correlation
matrices, approximately as the rate of rotation of the first two principal components.

recovery upon which the Fed’s INVESTMENT IMPLICATIONS

decision to raise rates was based.

Consequently, the Fed would like to An environment of stronger global

see stable financial conditions before correlations makes it more challenging

implementing rate hikes, but those to construct a truly diversified and

very same rate hikes could resilient portfolio, because assets that

subsequently destabilize financial were previously unrelated can now

represent exposure to the same risk
factors. Rather than thinking of

conditions. The correlation web is
complicated and consequential for
the global economy.




portfolios in terms of exposures to
individual assets or traditional risk
factors, it can be helpful to consider
exposures to the principal components
of the changing correlation matrix. To
do this, investors need analytical
techniques for exploring and
visualizing changes to the correlation
structure. Examples of such tools
include correlation indexes like the one
shown in Figure 1, but also indicators
of the directionality and momentum of
the correlation structure, such as a
correlation change tracker (see Figure
3) or network visualizations of the
correlation matrix for key assets

(see Figure 4). These tools can make
changes readily apparent, at least after
the fact: Asset classes that formed
distinct clusters pre-crisis have now
become more strongly intertwined,

with equities and currencies tracking
more closely, and oil and China moving
closer to the center.

Though the past is not always a reliable
indicator of future developments,
insights gained from analyzing past
market movements can inform
expectations of potential future
changes resulting from upcoming
events, and - importantly — reduce
reliance on stable cross-asset regimes.
An understanding of the technical or
fundamental factors that can cause
correlations between particular assets
to change can inform portfolio
construction in a way that is more
resilient to plausible changes in
correlation strength or structure.

In a high-correlation world,

being cognizant of the changing
market structure becomes
increasingly advantageous.
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Figure 4: Network diagram visualization of cross-asset correlation matrices over time
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Source: Bloomberg data and PIMCO analysis as of September 2016. This image is a representation of the correlation
matrix (utilizing same analysis as the PIMCO Broad Cross-Asset Correlation Index) in which more highly correlated
assets are placed relatively closer to each other. In November 2006, there were distinct clusters for different asset
classes. In September 2012, most equities (green circles), currencies (blue) and commaodities (yellow) were tightly
linked. As of September 2016, correlations to Germany and Japan rates (red) and EM equities are weak, but
developed market risk and currencies remain clustered.
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! In recent years, most of the swaps traded in the market moved to be centrally cleared, which mitigates the counterparty risk, but
this development did not meaningfully change the way the market thought about swap spreads as the central clearing house is still
a riskier counterparty than the U.S. government.

? Corporates pay/receive swaps to hedge their issuance. The U.S. Treasury issues more bonds to finance budget deficits, thus
cheapening Treasury bonds relative to swaps and resulting in tighter swap spreads. The opposite is true for budget surpluses.

Past performance is not a guarantee or a reliable indicator of future results. All investments contain risk and may lose
value. It is not possible to invest directly in an unmanaged index. Correlation is a statistical measure of how two data points
move in relation to each other. The correlation of various indexes or securities against one another or against inflation is based upon
data over a certain time period. These correlations may vary substantially in the future or over different time periods that can result in
greater volatility. Diversification does not ensure against loss. Investors should consult their investment professional prior to
making an investment decision.

This material contains the opinions of the manager and such opinions are subject to change without notice. This material has been
distributed for informational purposes only and should not be considered as investment advice or a recommendation of any
particular security, strategy or investment product. Information contained herein has been obtained from sources believed to be
reliable, but not guaranteed.

PIMCO provides services only to qualified institutions and investors. This is not an offer to any person in any jurisdiction where
unlawful or unauthorized. | Pacific Investment Management Company LLC, 650 Newport Center Drive, Newport Beach, CA
92660 is regulated by the United States Securities and Exchange Commission. | PIMCO Investments LLC, U.S. distributor, 1633
Broadway, New York, NY, 10019 is a company of PIMCO. | PIMCO Europe Ltd (Company No. 2604517}, PIMCO Europe, Ltd
Amsterdam Branch (Company No. 24319743), and PIMCO Europe Ltd - Italy (Company No. 07533910969) are authorised and
regulated by the Financial Conduct Authority (25 The North Colonnade, Canary Wharf, London E14 5HS) in the UK. The Amsterdam
and Italy branches are additionally requlated by the AFM and CONSOB in accordance with Article 27 of the Italian Consolidated
Financial Act, respectively. PIMCQ Europe Ltd services and products are available only to professional clients as defined in the
Financial Conduct Authority’s Handbook and are not available to individual investors, who should not rely on this communication. |
PIMCO Deutschland GmbH (Company No. 192083, Seidlstr. 24-24a, 80335 Munich, Germany) is authorised and regulated by the
German Federal Financial Supervisory Authority (BaFin) (Marie-Curie-Str. 24-28, 60439 Frankfurt am Main) in Germany in accordance
with Section 32 of the German Banking Act (KWG). The services and products provided by PIMCO Deutschland GmbH are available
only to professional clients as defined in Section 31a para. 2 German Securities Trading Act (WpH®G). They are not available to
individual investors, who should not rely on this communication. | PIMCO (Schweiz) GmbH (registered in Switzerland, Company
No. CH-020.4.038.582-2), Brandschenkestrasse 41, 8002 Zurich, Switzerland, Tel: + 41 44 512 49 10. The services and products
provided by PIMCO Switzerland GmbH are not available to individual investors, who should not rely on this communication but
contact their financial adviser. | PIMCO Asia Pte Ltd (501 Orchard Road #09-03, Whealock Place, Singapore 238880, Registration
No. 199804652K) is requlated by the Monetary Authority of Singapore as a holder of a capital markets services licence and an
exempt financial adviser. The asset management services and investment products are not available to persons where provision of
such services and products is unautharised. | PIMCO Asia Limited (Suite 2201, 22nd Floor, Two International Finance Centre, No. &
Finance Street, Central, Hong Kong) is licensed by the Securities and Futures Commission for Types 1, 4 and 9 regulated activities
under the Securities and Futures Ordinance. The asset management services and investment products are not available to persons
where provision of such services and products is unauthorised. | PIMCO Australia Pty Ltd ABN 54 084 280 508, AFSL 246862
(PIMCO Awstralia) offers products and services to both wholesale and retail dients as defined in the Corporations Act 2001 (limited
to general financial product advice in the case of retail clients). This communication is provided for general information only without
taking into account the objectives, financial situation or needs of any particular investors. | PIMCO Japan Ltd (Toranomon Towers
Office 18F, 4-1-28, Toranomaon, Minato-ku, Tokyo, Japan 105-0001) Financial Instruments Business Reqistration Number is Director
of Kanto Local Finance Bureau (Finandial Instruments Firm) No. 382. PIMCO Japan Ltd is a member of Japan Investment Advisers
Association and The Investment Trusts Association, Japan. Investment management products and services offered by PIMCO Japan
Ltd are offered only to persons within its respective jurisdiction, and are not available to persons where provision of such products or
services is unauthorized. Valuations of assets will fluctuate based upon prices of securities and values of derivative transactions in
the portfolio, market conditions, interest rates and credit risk, among others. Investments in foreign currency denominated assets will
be affected by foreign exchange rates. There is no guarantee that the principal amount of the investment will be preserved, or that a
certain return will be realized; the investment could suffer a loss. All profits and losses incur to the investor. The amounts, maximum
amounts and calculation methodologies of each type of fee and expense and their total amounts will vary depending on the
investment strategy, the status of investment performance, period of management and outstanding balance of assets and thus such
fees and expenses cannot be set forth herein. | PIMCO Canada Corp. (199 Bay Street, Suite 2050, Commerce Court Station, P.O.
Box 363, Toronto, ON, M5L 1G2) services and products may only be available in certain provinces or territories of Canada and only
through dealers authorized for that purpose. | PIMCO Latin America Edificio Internacional Rio Praia do Flamengo, 154 1o andar,
Rio de Janeiro — RJ Brasil 22210-906. | Mo part of this publication may be reproduced in any form, or referred to in any other
publication, without express written permission. PIMCO is a trademark of Allianz Asset Management of America L.P. in the United
States and throughout the world. ©2016, PIMCO.
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