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to hike interest rates four times (by 25bps each) during 2016 while
the market projects only two hikes. Something has to give. Either
the Fed'’s beginning-of-year intentions will prove more hawkish than
its actions, or the market will need to adjust its expectations. Many
previous episodes of market adjustments to Fed policy, including
the so-called “taper tantrum” during the summer of 2013, proved
destabilizing. Another tantrum could strike after the January 28th or
(more realistically) March 18th FOMC meetings if the Fed forces the
market to reevaluate its expectations.
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THE MARKET FIGHTS THE FED —AND MIGHT WIN

FOR MANY, DECEMBER REPRESENTS A CONVENIENT TIME TO MAKE NEW YEAR’S
PROGNOSTICATIONS AND RESOLUTIONS. For the Federal Open Market Committee (FOMC) of the
US Federal Reserve, December presents an opportunity to proffer both. FOMC members submit their
forecasts on how the US economy will evolve, and what policy actions the FOMC will enact, during the
following year. The Fed then publishes these forecasts in its so-called “dot plot,” a scatter plot of its
estimates for the end-of-year readings of US economic variables (e.g., real GDP and inflation) as well
as the Fed’s primary policy variable—the fed funds rate.'

Since the Fed publishes its dot plot four times annually, perhaps a more accurate statement would
describe December (and January) as a convenient time to evaluate the FOMC’s prognostications and
resolutions. One dimension worth evaluating is the alignment of the Fed’s expectations of the future
with the market’s. Along that dimension, the market seems to treat the FOMC’s dots more like a
toddler’s random paint splattering than a precise, pointillist masterpiece by Seurat. According to the
FOMC’s most recently released dot plot (December 16, 2015), the FOMC plans between two and
seven rate hikes during 2016 with a median forecast of four.” The fed funds futures market expects
only two hikes (see figure 1).

Something has to give. Either the Fed’s beginning-of-year intentions will prove more hawkish than
its actions, or the market will need to adjust its expectations, or both. If the market must correct
its expectations quickly, as it did during the summer of 2013 following comments from then-FOMC
chairman Ben Bernanke about the end of quantitative easing, a market “tantrum” may ensue.

1 For a more complete explanation, see the Federal Reserve’s projects from December 16, 2015: http://www.federalreserve.gov/monetarypolicy/
files/fomcprojtabl20151216.pdf

2 Assumes 25 basis point hikes.

Implied number of fed funds hikes during 2016

Implied number of hikes
>

FOMC Dots Market

Notes: Chart reports the implied number of rate hikes during 2016 based on forecasts reported by the Federal Reserve for the December 2016 fed fund rates
level. Assumes Fed hikes rates in 25 basis point increments. Left side depicts the median (blue bar) and 16 dots (orange) from the FOMC's December 16, 2015
dot plot. Right side based on data from Bloomberg for the fed funds futures market on December 16, 2015.
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THE FOMC’S CONFIDENCE IN ITS 2016 RATE HIKE
EXPECTATIONS APPEARS TO BE RISING

Not only does the FOMC expect to hike rates twice as
often during 2016 as the market believes, the FOMC
has arguably become more resolute in its plans. One
measure of this certainty compares the difference
between the highest and lowest forecasts in the
dot plots (Figure 2). When the FOMC expressed its
end-of-year 2016 forecast for the fed funds rate
in December 2014, more than 350 basis points
separated the highest and lowest dots. Back then, the
median forecast called for the fed funds rate to reach
2.5 percent. Ayear later, in December 2015, the spread
between the highest and lowest dots compressed to
only 125 basis points, while the median declined to
1.4 percent. In statistical parlance, the coefficient of
variation® decreased from 39 percent to 27 percent
between December 2014 and December 2015.

Many market participants might question the
insightfulness of the dot plot. Its history has not
demonstrated much prophetic skill on the FOMC’s
part. For example, the December 2014 dot plot
indicated that the committee anticipated four rate
hikes during 2015. As late as June 2015, the FOMC
still expected two hikes that year. In reality, the FOMC
hiked only once, during the final month of the year.

3 The ratio of the standard deviation of the forecasts to mean expressed
as a percent.

Perhaps, as in 2015, during the course of 2016 the Fed
will once again behave more dovish than it signaled it
would prior to the calendar turning from December
to January. Many New Year’s resolution-makers who
aspire to spend more time in the gym would be able
to relate.

IF THE MARKET LOSES ITS FIGHT WITH THE
FOMC, A “TANTRUM” COULD ENSUE

If the Fed manages to hit its target of four rate hikes,
the market may not like the surprise. One such incident
led to a market “tantrum.” During the spring of 2013,
then-FOMC chairman Ben Bernanke suggested that
the Fed might taper its asset purchases (i.e., end QE3)
earlier than the market had been anticipating. During
that spring and summer of 2013, the yield on the US
10-Year Treasury bond increased by 140 basis points.
Global equity and currency markets also quaked.

For the Fed to raise rates four times during 2016, and
to do so with a relatively smooth trajectory, it might
feel compelled to hike again as early as its March
meeting. Since the market’s implied probability of a
rate hike in March currently hovers around 40 percent,
an FOMC decision to raise rates would qualify as a
surprise. If the FOMC does not hike rates in March,
market observers may look to the dots. Then, they
might go to the gym.
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Notes: Left side plots the range of the FOMC's forecast for the December 2016 fed funds rate. Values from the December 2014 and December 2015 FOMC
meetings. Right side reports the coefficient of variation of the forecast from the same meetings
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APPENDIX

FIGURE 3

Implied and Forecast Fed Funds Rate for December 2016
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Notes: Blue line plots the implied December 2016 rate from the Fed funds futures market. Orange line plots the median forecast from the FOMC dots. Grey

bars show what the Fed calls the “central tendency” of the FOMC dots (i.e,, range of the dots after excluding the highest and lowest three forecasts). Data from
the Federal Reserve and Bloomberg.
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INTERESTING TECHNOLOGY-RELATED ARTICLES

Two Sigma is a technology company that applies a rigorous, scientific method-based approach to
investment management. We draw upon a diverse set of fields to inspire our technology, 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.

“A Robot Life Preserver Goes to Work in the Greek Refugee Crisis” by Matt Simon, WIRED, January 12,
2016 (http://www.wired.com/2016/01/a-robot-life-preserver-goes-to-work-in-the-greek-refugee-crisis/)

As 2,000 refugees reach the Greek island of Lesvos each day, the Coast Guard struggles to rescue boats
that have capsized, run out of fuel, or broken down. The Coast Guard brought in a team from Texas A&M
University’s Center for Robot-Assisted Search and Rescue to pilot a program using Emily, its Emergency
Integrated Lifesaving Lanyard robot. The robot—a self-propelled life preserver (paired with an observation
quadcopter)—can retrieve up to five people at a time from the water, bringing them to shore safely.

“In Pursuit of an Affordable Tablet for the Blind” by Signe Brewster, MIT Technology Review, January 11,
2016 (http://www.technologyreview.com/news/545301/in-pursuit-of-an-affordable-tablet-for-the-blind/)

Researchers at the University of Michigan are developing an advanced and relatively inexpensive tablet-
sized Braille display using microfluidics, rather than traditional motors, to make the writing system more
user-friendly and accessible to the visually impaired. Tiny bubbles of air or liquid pop up on the screen
to create block characters, allowing much more text to be displayed than is possible with motor-driven
devices, at a much lower cost. Text-to-speech technology has curbed Braille’s popularity in recent years,
but certain kinds of written information—often mathematical and scientific—translates poorly into audio.
The researchers hope that the new tablets will help make such information more broadly available.
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IMPORTANT DISCLAIMER AND DISCLOSURE INFORMATION

This report is 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 alist 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.

The views expressed herein are not necessarily the views of Two Sigma Investments, LLC or any of its affiliates (“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
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strategies. Words like “believe,” “expect,” “anticipate,” “promise,” “plan,” and other expressions or words of similar meanings, as well as

»ow

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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