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D OO RIA IV IWVTANAB  Polls of economic forecasters can

reveal much more than point estimates. Data from the Federal Reserve
and European Central Bank show that the level of disagreement across
forecasters today is within the historical norm, but uncertainty appears
higher than ever, particularly in Europe. Asset allocators might want to
incorporate that uncertainty when hedging their economic risk.
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ECONOMIC FORECASTERS UNCERTAINTY VS. DISAGREEMENT

Even though economists do not have a reputation for their sense of humor, they generate a lot of jokes. One
joke describes three economists playing darts in a bar. The first misses the board entirely, throwing a dart one
foot to the left and leaving a small hole in the wall. The second economist misses the board as well, breaking a
mirror one foot to the right. The annoyed bartender glares when the third economist cheers loudly and earnestly,
“We averaged a bullseye!”*

Some asset allocators might take as a moral of this story that they ought to ignore entirely polls of economists on
topics like GDP growth. Recent data releases for Q2 2016 GDP growth, which fell short of expectations in the US
(1.2 percent actual versus Bloomberg estimate of 2.5 percent expected)? and other major markets, might further
that belief. However, rather than ignoring polling data because of dubious point forecasts, allocators might delve
deeper into other characteristics of the data. For example, does the data imply a high degree of dispersion or
disagreement across forecasters? Do individual forecasters have a high degree of confidence or certainty in their

own views?

By disentangling disagreement from uncertainty in polls

of forecasters, asset allocators can draw a much clearer
picture of what the data says and potentially hedge their
exposures accordingly. For example, if half of polled experts
believe with high conviction that one outcome appears
likely, and the other half believe equally firmly that the
opposite outcome appears likely, an asset allocator might
want to hedge against two discrete scenarios. Alternatively,
if all forecasters share a common expected outcome,

but each feels highly uncertain of that outcome, an asset
allocator might want to hedge against a broader range of
scenarios.

For GDP and inflation forecasts, data from the US Federal
Reserve and the European Central Bank (ECB) reveal

two interesting findings.” First, both US and European
forecasters currently disagree among themselves about as
much as usual on growth and inflation. However, the level
of uncertainty for each forecaster appears higher today
than at any other time during the past 15 years, particularly
in Europe. Asset allocators might want to account for that
uncertainty when hedging their economic risk.

1 Similar jokes apply equally well to statisticians, though statisticians seem
to generate jokes only 20 percent as often as economists (based on a Google
search). Perhaps that stems from differences in socializing behavior at bars.

2 http://www.bloomberg.com/news/articles/2016-07-29/u-s-economy-grew-
a-less-than-forecast-1-2-in-second-quarter

3 Asearch of academic and practitioner published research suggests that a
long time series of publicly available data for other regions that incorporates
both disagreement and uncertainty for GDP and inflation does not appear to
exist.

COMPARING UNCERTAINTY TO DISAGREEMENT IN
FORECASTS

When the Federal Reserve and the ECB survey
professional forecasters for their economic outlooks, the
respondents do not simply input point estimates for the
mean. Instead, each forecaster enters a probability that
an economic outcome (e.g., GDP growth) will fall within
apre-specified band (e.g., 1.0- 1.9 percent). The Fed and
ECB generate these surveys quarterly.

One caninfer more than just the means from the

surveys of professional forecasters by studying both

the disagreement and the uncertainty of the forecasts.
Consistent with academic research, disagreement equals
the inter-quartile range (75th minus 25th percentile) of
point forecasts, whereas uncertainty equals the average
of the individual variances from each forecaster’s
probability distribution of outcomes.® Figure 1 depicts
these two measures.

Figure 1 plots the level of disagreement and uncertainty
in the Fed and ECB surveys of professional forecasters.
For both growth and inflation, the data (mostly) startin
1999.

4 Academic research, including Kajal and Sheng (2010), Rich and Tracy (2010),
and Borea, Smith, and Walls (2015), applies similar approaches.
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FIGURE 1 UNCERTAINTY AND DISAGREEMENT IN REAL GROWTH AND INFLATION IN EUROPE AND IN THE US
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Source: ECB, Philadelphia Federal Reserve, and authors’ computation.

The figure highlights two main points. First, disagreement
in growth and inflation vary over time (e.g., peaks during
periods of financial stress such as 2001 and 2009), but

the most recent surveys (Q3 2016) show that the current
level does not differ significantly from the long-term mean.
Forecasters seem as split today as usual.

Second, and more interestingly, the level of uncertainty
today appears higher than usual, particularly in Europe.
European forecasters appear 20 percent less confident in
both their growth and inflation predictions thanin March
2009 (trough of global equity markets) and 15 percent less
confident than in March 2012 (Greek sovereign default).
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POTENTIAL IMPLICATIONS

Asset allocators feeling befuddled while trying to hedge
the macroeconomic risks in their portfolios should not
feel alone. Professional forecasters also appear to suffer
from a degree of uncertainty today that exceeds recent
memory, including during the global financial crisis. The
policy uncertainty from Brexit and the ongoing refugee
crises likely contribute to the economic uncertainty. Asset
allocators might also feel some relief that forecasters at
least agree amongst themselves, both within and across
the US and Europe. Then again, it might feel like a good
time to go back to throwing darts.

References

G. Boero, J. Smith and K. F. Wallis, 2015. “The measurement and characteristics of professional forecasters’

uncertainty.” Journal of Applied Econometrics, 30, 1029-1046.

Lahiri, Kajal, and Xuguang Sheng, 2010, “Measuring forecast uncertainty by disagreement: The missing link.” Journal of

Applied Econometrics 25.4: 514-538.

Rich, Robert, and Joseph Tracy, 2010, “The relationships among expected inflation, disagreement, and uncertainty:
evidence from matched point and density forecasts.” The Review of Economics and Statistics 92.1: 200-207.

Copyright © 2016 TWO SIGMA INVESTMENTS, LP. All rights reserved. This document is distributed for

Street View August 2016 | 3

informational and educational purposes only. Please see the back of this report for important disclaimer and

disclosure information.



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.

“How Can Big Data and Analytics Help Athletes Win Olympic Gold in Rio 2016?” Bernard Marr, Forbes, August 9,
2016 (http://www.forbes.com/sites/bernardmarr/2016/08/09/how-big-data-and-analytics-help-athletes-win-olym-
pic-gold-in-rio-2016/#1c160ab14205)

Great Britain, and likely other countries, uses data analytics to improve its expected outcomes in the Olympics. One
application appears to use a form of a machine learning algo known as “nearest-neighbor” to identify a rower’s talent
based on the athlete’s similarity to a historical star. Another application tries to identify the habits that successful
rowers employ to improve their skills. “The idea is that by collecting every bit of data about every athlete who enters
the training program, new entrants can be matched against profiles of former entrants, to identify the approach
most likely to turn each individual into a champion.”

“The bandwidth bottleneck that is throttling the Internet” Jeff Hecht, Nature, August 10, 2016 (http://www.nature.
com/news/the-bandwidth-bottleneck-that-is-throttling-the-internet-1.20392)

“With global Internet traffic growing by an estimated 22% per year, the demand for bandwidth is fast outstripping
providers’ best efforts to supply it,” according to a recent article in Nature. The problem stems from the fact that the
internet still relies heavily on a “global patchwork built on top of a century-old telephone system,” where local links
bottleneck global data flows. Massive investments to lay more modern fiber optic wires, along with the continuous
development of software updates, will likely prove necessary to alleviate the problem.
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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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