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From post-crisis “flash crashes” to the recent illiquid trading in Italian bonds, markets
have become familiar with a pattern: Liquidity seems to evaporate as volatility rises,
arguably leading to price moves that seem excessive relative to their fundamental
catalyst (if there is even one at all). Whether shifts in market structure and/or
investing strategies could be generating this market fragility is Top of Mind. We
interview GS and external experts on oft-blamed (but not necessarily guilty) reasons
for such fragility, including high-frequency trading and exchange-traded products.
Our interviewees' perspectives differ, but they leave us with a key takeaway: The
fragmented structure of exchanges and market makers, coupled with investments
that demand near-instantaneous liquidity, suggests that periodic episodes of illiquidity are likely here to stay. Whether
one of these episodes will inadvertently lead to a more lasting market downturn is a risk worth watching.
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| see a risk that markets are paying too little attention
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to liquidity risk, much as they previously paid too little
attention to the risks posed by excess leverage.

- Charlie Himmelberg, Chief Markets Economist,
Goldman Sachs

If you're a buy-side institutional investor comparing
your liquidity to, say, 15 years ago, you need to consider
not only how much liquidity you were getting back then,
but also what spreads you were paying and the
information you were giving up.

- Doug Cifu, Co-Founder and CEO,
Virtu Financial
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Macro news and views

Issue 68

We provide a brief snapshot on the most important economies for the global markets

us

Latest GS proprietary datapoints/major changes in views

e No major changes in views.

Datapoints/trends we’re focused on

e Several weeks of firm data pointing to a reacceleration in
growth; our current activity indicator for May is now 3.8%.

e The stronger-than-expected May jobs report, bringing the
unrounded unemployment rate to a 48-year low of 3.75%.

e Increased trade policy risks given the imposition of steel and
aluminum tariffs and a negative turn in NAFTA negotiations;
the tariffs so far should have only a modest macro effect.
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Europe
Latest GS proprietary datapoints/major changes in views

e We lowered our Euro area GDP forecasts by 0.1pp to 2.2%
for 2018 and 1.9% for 2019, given political uncertainty in
Italy, a widening in sovereign spreads, and higher oil prices.

Datapoints/trends we’re focused on
e The sizeable fiscal expansion proposed by ltaly’s government.

e The ECB's response to political developments and weaker
activity; we expect a “steady hand” approach and no change
to the Asset Purchase Programme at the June meeting.

e A larger-than-expected rebound in May Euro area core inflation.

A worrying expansion
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Japan
Latest GS proprietary datapoints/major changes in views
e No major changes in views.
Datapoints/trends we’re focused on

e The first negative GDP reading in nine quarters (-0.6% gog ann.
in Q1); however, we expect a return to positive territory in Q2.

e Falling unemployment and rising wages, though we believe it is
100 soon to conclude that the labor market is overheating.

e Aslight improvement in Japan’'s Consumer Confidence Index in
May, marking the first month-over-month uptick in six months.

e Arebound in April retail sales following stagnation in Q1.

Heating up? Not necessarily
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Emerging Markets (EM)
Latest GS proprietary datapoints/major changes in views

e \We added two 25bp hikes to our 2019 Reserve Bank of India
forecast on rising inflation expectations and capacity utilization;
we now expect 100bp in cumulative hikes by end-2019.

Datapoints/trends we’'re focused on

e Generally healthy EM fundamentals in the face of a "stress test"
of higher US rates, a stronger dollar, and higher oil prices.

e Argentina’s $50bn financing agreement with the IMF.

e Turkey's rate hikes in May/June; we think rates are high enough
to slow the economy, though inflation may remain elevated.

Growth momentum still healthy
GS EM Current Activity Indicators, % ann.
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Liquidity, volatility, fragility

The market experienced yet another unnerving episode of
illiquidity in the recent dramatic sell-off in Italian bonds. Unlike
past “flash crashes”—think US equities in 2010, US Treasuries
in 2014, or even the VIX spike earlier this year—this event
clearly had a fundamental catalyst. Nevertheless, it marked the
latest instance of liquidity seemingly evaporating as volatility
rises, arguably leading to sharper price moves than warranted
by the fundamental shock (if there is even one at all). Whether
shifts in market structure and/or investing strategies could be
generating this market fragility is Top of Mind.

So what are the oft-blamed (but not necessarily guilty) reasons
for such fragility? Regulation seems to be front and center,
including rules that have led to increased fragmentation of
trading in US equities. Another possible driver is automation, in
terms of both newer, “non-traditional” liquidity providers like
high-frequency traders (HFTs) and the increasing popularity of
algorithmic investing strategies. Finally, the rising use of
Exchange Traded Products (ETPs) has also been thrown into
the mix of potential culprits. (See pg. 18 for a glossary of
relevant lingo.)

We first discuss these potential drivers of fragility with GS
Chief Markets Economist Charlie Himmelberg. Of the above,
he worries the most about the liquidity impact of HFTs—firms
that typically post (and then cancel) orders to buy and sell in
very quick succession. While Himmelberg believes HFTs have
generally improved liquidity conditions during normal periods,
he worries that their disadvantage in processing nuanced
fundamental information may lead them to pull back in
moments of uncertainty, triggering surprisingly large drops in
liquidity that exacerbate price declines. In most cases so far,
this type of liquidity collapse has proven short-lived. But he
warns that if investors mistakenly attribute a technically-driven
crash to worsening fundamentals, this could inadvertently
reinforce market fears, potentially leading to a more severe
downturn.

We continue the conversation with three experts from the
Goldman Sachs Securities Division: Brian Levine, Co-Head of
Global Equities Trading and Execution Services, and Raj
Mahajan and Konstantin Shakhnovich, Global Co-Heads of
Securities Systematic Solutions (SA3). They offer somewhat
different perspectives on US market structure: Like
Himmelberg, Levine worries about volatility generating price

dislocations in a negative feedback loop in US equities markets.

However, he doesn’t think such episodes have much to do
with HFTs. Instead, he, Mahajan, and Shakhnovich largely
attribute current fragility to the market's complex structure.
They point out that regulations like the 2005 Regulation
National Market System (Reg NMS), which left exchanges
competing mainly on price, may have unintentionally
encouraged the fragmentation of execution venues and market
makers while prioritizing speed over reliability and safety. The
outcome is what Levine calls a genuine flash crash: When
volatility rises, the market “breaks,” with participants facing
inaccurate data and sharp price swings.

That said, Mahajan and Shakhnovich do flag one vulnerability
they see among at least some HFTs—namely, low
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capitalization relative to the value of open orders throughout
the day. In their view, this can create operational risk—distinct
from market risk—that could turn systemic in the event of a
problem (e.g., a bug in an HFT's system), given the large
notional some HFTs trade and the mutualized central
counterparty clearing risk in the equity markets.

Andrei Kirilenko, Director of the Centre for Global Finance and
Technology at the Imperial College Business School, agrees
that a technological glitch could be disruptive. However, he
doesn't believe that HFTs are necessarily a source of systemic
or market risk; rather, he considers them highly skilled risk
managers. In addition, his research suggests that HFTs were
pretty much the only market participants that continued to
supply liquidity throughout the 2010 equity flash crash, though
they also added to volatility along the way.

With all of that in mind, we sit down with Doug Cifu, CEO of
technology-driven market maker, Virtu, to learn how firms like
his operate and what they make of liquidity conditions today.
His key messages: Virtu—like market makers of all stripes—is
just looking to earn the spread on a trade; the firm may adjust
its liquidity provision in response to market conditions (again,
like all other market participants) but it won't shut off unless
there are signs of a technological problem. Cifu also pushes
back on the idea that volatility means markets are
“malfunctioning.” Case in point: Markets worked properly the
day of the VIX spike on February 5% (i.e., there were no post-
trade reconciliation or settlement issues, etc.).

Of course, it isn't only liquidity provision that has changed with
technology and regulation. Liquidity consumption has evolved
as well; hence the focus on the other possible sources of
market fragility mentioned above—the rise of systematic
trading and the proliferation of passive products like ETPs. For
instance, GS Multi-Asset Strategists Christian Mueller-
Glissmann and Alessio Rizzi note that some systematic
strategies increase equity exposure when vol is low, potentially
setting the stage for greater liquidity demand if/when vol rises.
And while they (and Himmelberg) consider “plain vanilla” ETPs
fairly benign, they caution that the more complex, levered
variety can become “forced sellers” when prices decline.

Indeed, inverse and levered long VIX ETPs were at the heart of
the February VIX event, as GS Equity Derivatives Strategist
Rocky Fishman explains. He notes that those ETPs are unlikely
to cause a similar episode anytime soon. But he also points out
that growth in investments that demand near-instantaneous
liquidity runs the risk of occasional liquidity mismatches. Our
key takeaway from all of the above: In today's highly
fragmented market structure—so far untested by recession or
crisis—whether episodes of illiquidity lead to a more lasting
market downturn is a risk to watch.

Allison Nathan, Editor

Email:  allison.nathan@gs.com
Tel: 212-357-7504
Goldman Sachs and Co. LLC
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Interview with Charlie Himmelberg

Charlie Himmelberg is Chief Markets Economist and Head of Global Markets Research at
Goldman Sachs. Below, he raises the possibility that the growth of high-frequency trading (HFT)
has increased the “fragility” of liquidity supply, leaving the market more prone to non-
fundamentally driven price volatility as a result.

Allison Nathan: You've argued that incredibly high speeds, responding in micro seconds to
today’s market structure shows changes in order flow. By doing so, HFTs both facilitate price
signs of fragility. Why? discovery and earn a tiny premium for their willingness to post
Charlie Himmelberg: Over the last two-sided prices.
several years, we've seen flash What my definition doesn't include are things like managed
crashes happen in a number of major, volatility strategies or other kinds of lower-frequency quant
liquid markets. It isn't hard to find strategies that generate a profit for doing something other than
examples of price swings that seem supplying liquidity. These strategies are more accurately takers
excessive relative to the fundamental of liquidity, and while there is also a risk that some of them
news that triggered them, if there was even any fundamental could drive outsized price declines via automatic selling, my
news at all. Just last month, two-year ltalian government bonds  focus is on liquidity supply. My concern is that under certain
experienced a much bigger price decline than they had at any types of market distress, HFTs may be less reliable than human
point during the 2011-2012 crisis when systemic risks to the traders.

Euro area were far more acute. And potential “cracks” in the

market were also revealed during the VIX spike on February 5. Allison Nathan: How does this HFT liquidity withdrawal

play out, and what evidence is there for it happening?
| see two main takeaways from such events. First, technical

dislocations are risky because they can fuel false fundamental
narratives. On February 5™, traders familiar with the VIX could
tell that the spike was a technical disruption and nothing more,
yet many observers tried to attribute the move to the prior
Friday’s slight upside surprise in average hourly earnings data.
That narrative didn’t get much traction with market participants,
but in a future dislocation under less benign macro conditions,
it could, and might thus fuel even larger price declines.

Charlie Himmelberg: Academic research on flash crashes has
demonstrated two things. For one, in many flash crashes,
trade-level data show that HFTs pull back from the market. That
hasn’t been the case in every flash crash, so | don’t want to
over-generalize. But other research shows that HFTs tend to
withdraw liquidity when they're faced with complex
fundamental news. The recent political headlines in Italy are a
good example. In circumstances like these, HFTs appear to
recognize that their algorithms cannot understand or process
the information as well as human traders. This puts HFTs at a
disadvantage since it exposes them to adverse selection by
those better-informed buyers or sellers. In response, it only
makes sense for the HFTs to widen out their bid-ask spreads,
perhaps dramatically; in some cases they withdraw from the
marketplace altogether. And while evidence shows that
liquidity typically returns quickly, the logic of adverse selection
obviously suggests the risk that it could take longer under
conditions less benign than the current expansion.

The second point is that when market liquidity evaporates,
selling pressure is amplified. And growing frequency of flash
crashes during the post-crisis period provides some reason to
worry that liquidity may have become less reliable—or more
"fragile”—during market stress events. For over-the-counter
(OTC) markets, | think it is widely understood that the quality of
market liquidity has declined due to the new costs imposed on
traditional broker-dealers by the post-crisis regulatory
environment. For exchange-traded markets, by contrast, such
claims are more controversial. But | see reasons to worry that
the rapid growth of liquidity supply from newer market
participants like HFTs has a “feast or famine” quality to it. In
normal times, machines are more nimble than human traders,
and liquidity is great. In distressed periods, by contrast,
evidence suggests that HFTs may withdraw liquidity more
aggressively than human traders, and the resulting reduction in
liquidity can interact with selling pressures in a way that results
in outsized price declines.

When HFTs withdraw, it leaves a greater share of liquidity
provision up to human traders, which would be fine if there
were a deep bench of human traders with spare risk-taking
capacity. But as | alluded to earlier, there isn’t. Over the past
ten years, a variety of factors—regulatory constraints, low
volatility, low returns, advances in technology—have
contributed to the so-called “rise of the machines.” As a result,
there is simply a smaller base of human traders who can step
in when the HFTs pull back. And in the case of traditional
broker-dealers, new regulations have put tighter limits on how
much risk capital they can deploy when they do.

So that's the fragility risk that I've been trying to explore. It
feels particularly relevant in the current environment, where
recession risk is low but valuations are high. The biggest risk to

markets might therefore be markets themselves. Allison Nathan: Aren’t you being unfair to machines? Don’t

humans withdraw liquidity during downturns, too?

Allison Nathan: Let’s take a step back. How are you L ) i
defining HFTs in this context? Charlie Himmelberg: Of course. These issues are not unique

to HFTs. In the old days, traditional market makers would stop
answering the phone or take bathroom breaks during scary
market events. Liquidity always dries up during a big price
decline and/or complex news headlines.

Charlie Himmelberg: | define HFTs as algorithms that aim to
profit by supplying liquidity, which in practice means posting a
bid and an ask on both sides of the market. HFTs do this at

Goldman Sachs Global Investment Research 4
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Having said that, some research shows that HFTs withdraw
liquidity more aggressively than human traders during certain
types of market events. That may be because the HFTs are just
faster at doing what any human trader would eventually do,
t00. But | also suspect it has to do with the fact that human
traders have the informational advantage. Human traders also
have ongoing relationships with their clients, and therefore face
greater reputational consequences for failing to post a bid in an
illiquid market than an anonymous machine; taking risk during
periods of market illiquidity may be paid back with future trades
in better times.

Allison Nathan: What makes you confident that human
traders can understand complex information any better
than sophisticated HFT algorithms?

Charlie Himmelberg: \Well, | don't think HFT algorithms are
necessarily all that sophisticated; they're mostly just fast. And
under routine circumstances, the evidence suggests that this
substitution of “speed for capital” allows machines to supply
liquidity more cheaply than humans. But when the markets
experience a big negative event and price discovery breaks
down, | would argue that traditional market makers are more
sophisticated in their ability to determine where prices will
settle. They are able to determine when the markets have
overshot that level, take principal risk accordingly, and thus
stabilize price discovery. By contrast, HFT algorithms can
process price and volume, but not value.

Allison Nathan: Are some markets more vulnerable to flash
crashes than others?

Charlie Himmelberg: Investors typically associate liquidity
problems with credit markets. | think they also assume that
markets like S&P futures, Treasury futures, or FX futures are
basically without liquidity issues. And generally speaking, | think
that's true. But these are also the markets where HFT has
gained the greatest market share. So if you worry like | do that
HFT has made liquidity supply more fragile, then you worry that
the risk is highest where it is least expected.

Allison Nathan: Your focus is on HFTs. But lower-frequency
quantitative strategies and passive investments more
broadly often raise questions about crowding and other
risks. Do you worry that these strategies could be
contributing to market fragility?

Charlie Himmelberg: \Well, there are certainly some well-
known events where quantitative strategies became crowded
and then abruptly reversed in a very short period of time. But
any investing strategy can be prone to crowding, whether
human or quant. The liquidity risk posed by any strategy is
caused by the failure to account for liquidity conditions,
including the risk that they could deteriorate meaningfully.

Allison Nathan: What about products like ETFs? Could they
be a source of market fragility?

Charlie Himmelberg: | take a relatively benign view of ETFs.
Some ETF critics question the idea that you can take an illiquid
portfolio of underlying assets, put an ETF wrapper on it, and
come up with something more liquid. To some, this seems like
black magic. But to me, that's how financial markets have
always enhanced liquidity. The same thing happens routinely
with corporate capital structures. Take a steel mill. Its
underlying assets, the blast furnaces, are highly illiquid. Yet the
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financial claims on the cash flows from those furnaces, in the
form of debt and equity, trade with plenty of liquidity. Similarly,
ETFs make it easier for a wider base of investors to trade the
stream of cash flows from harder-to-trade portfolios of assets.
Now, that's somewhat disruptive, because in some markets it
creates more price discovery than many investors—particularly
buy-and-hold investors—are accustomed to. ETFs may also
place more demands on market liquidity since that is part of
their appeal to end users. But | think the basic product design is
sound. In distressed markets the price of an ETF can deviate
materially from the price of its underlying assets, but such
pricing differentials are self-stabilizing, and | think the net effect
of ETFs on market liquidity is additive.

All of that said, it's important to distinguish between the vast
majority of “plain vanilla” ETFs from levered or inverse ETFs.
The latter make up only a narrow slice of the market, but they
have more worrisome features to the extent they can become
“forced sellers” in the face of price declines—as happened for
certain VIX products in February.

Allison Nathan: How does this all fit into your “liquidity is
the new leverage” narrative?

Charlie Himmelberg: That analogy is meant to invoke the
potential unrecognized problems or imbalances that build up
over the course of long expansions. Financial leverage was
obviously the imbalance that built up during the pre-crisis
period, but that has been contained in the current cycle. In this
cycle, there have been dramatic shifts in the way that
secondary markets source liquidity, but this market structure
has not yet been stress-tested by a recession or major market
event. | therefore see a risk that markets are paying too little
attention to liquidity risk, much as they previously paid too little
attention to the risks posed by excess leverage.

Allison Nathan: Does all of this amount to a tradeoff
between liquidity risk and the efficiency gains associated
with HFTs?

Charlie Himmelberg: Maybe. Some people see it as an
acceptable tradeoff, since the markets work well in normal
times, and most of the flash crashes have lasted less than a
day. In fact, one could argue that HFTs are enabling a faster
bounce back from flash crashes, in contrast to the 1987 crash,
when it took a year for the markets to recover. But | don’t think
we will be able to evaluate the tradeoff without another 10 or
20 years of experience with this new market architecture. The
question is whether we're running a risk of frequent but
ultimately benign flash crashes, or a risk that one of these flash
crashes will interact negatively with other dynamics and cause
a sustained price decline.

Allison Nathan: So how worried should we be?

Charlie Himmelberg: To be clear, I'm just trying to flag a tail
risk. But | see a real possibility that the rapid growth of HFT
liquidity supply has increased market fragility. | think investors
should factor this risk into their hedging strategies, perhaps
diversifying into deeper out-of-the-money strikes in the more
liquid markets. And as the recent price action in ltalian bonds
arguably illustrates, investors may also want to give more
scrutiny to the role of fundamentals vs. technicals when
interpreting price action.



Top of Mind

Issue 68

Interview with Doug Cifu

Doug Cifu is the co-founder and Chief Executive Officer of Virtu Financial. Below, he argues that

technology has helped democratize trading for all participants, driving down friction costs.
The views stated herein are those of the interviewee and do not necessarily reflect those of Goldman Sachs.

Allison Nathan: How has the
market-making landscape evolved,
and where does Virtu fit into it?

Doug Cifu: Our history follows the
evolution of the markets. My co-
founder, Vinnie Viola, started out as a
market maker in the pits of a
commodity futures exchange. What
he did back then—transfer risk
between buyers and sellers—is still what Virtu does today. We
don't take a directional view on an asset; we simply look to
earn the spread on the trade. But instead of doing this by
yelling at each other in trading pits or over the phone, we saw
that trading could be done better through technology and
automation, which could substantially reduce the friction costs
incurred as natural buyers and sellers try to find each other.
And, indeed, as the market has embraced technology, spreads
have collapsed: Ten years ago, the bid-ask spreads in the FX
and equities markets were bx to 10x what participants receive
today. At the same time, technology has enabled competition,
and the number of platforms where market participants can
transact has grown significantly. All of this has forced out less
efficient players and created opportunities for firms like ours.
As “non-traditional” market makers, we're providing services
that 20 years ago only the bank broker-dealers would provide.

Allison Nathan: Hasn’t regulation been an important driver
of the evolution of market making?

Doug Cifu: That is a great point. Technology was necessary
but insufficient; you had to have both changes in regulation and
technological advancements, which happened to occur at
around the same time.

On the regulatory front, pressure from buy-side and retail
investors frustrated with the existing rules helped bring about
Regulation Alternative Trading System (ATS) and the Order
Handling Rules in the late 1990s, and then decimalization and
Regulation National Market System (NMS) in the early/mid-
2000s. Combined, these new rules helped create more
transparent, competitive, and fair markets. With the traditional
firms no longer able to control flows, companies like Virtu
stepped into fill the vacuum in liquidity provisioning—again,
adapting the age-old concept of earning a spread to a more
technology-driven environment.

The result has been efficiency gains that benefit users. They're
the reason why you can make a trade online today at $4.95 that
20 years ago might have required a phone call and cost $300.
Or, why, as an institutional investor, you can now look at pre-
trade costs and decide to trade your own order or to bid it out.
Historically, you only had one choice and you paid for it.

Allison Nathan: Despite the increased efficiency, a small
number of market makers now handle the majority of
volume in some markets. What should we make of that?
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Doug Cifu: You are right; there are about seven or eight firms
that compete for retail order flow in the US equity market right
now. However, it is a very competitive market with objective
measures of performance. The barriers to entry may be lower,
but | actually think the barriers to successfully operating in this
market may be higher. We have to stand ready to trade all
NMS names, which is hard not only in terms of breadth, but
also in terms of managing idiosyncratic risk. So there aren’t a
ton of brokerage firms that choose to get into the game. Those
that do participate have to compete to earn clients’ trades, and
that competition has yielded enormous benefits to the retail
investor, like low costs, immediate fills on orders, and price
improvement of over $1bn last year.

Allison Nathan: So how much risk do you actually bear
day-to-day?

Doug Cifu: Until our acquisition of KCG Holdings last year, we
didn’t have direct customers. Instead, we provided a
transparent, two-sided price to exchanges, alternative trading
systems, banks, etc. In that business, our intraday and inter-day
portfolio value at risk (VAR) was, and still is, essentially zero.

Since the KCG acquisition, we now have retail customers, and
interact with order flow from firms like TD Ameritrade, Schwab,
and Fidelity. We also deal with institutional investors in some
capacities. By definition, this means we are taking on more risk
and therefore need more capital. Providing a bid on a $100
million block of an ETF to a customer is obviously very different
from quoting it on an exchange. That said, even in the retail
business, the highest I've ever seen our intraday VAR is less
than eight figures. The risk managers at Goldman Sachs would
probably chuckle at that. But to me, it's a big change. We are
taking significant positions in single stocks and ETFs from our
retail customers, and our risk management and hedging have
evolved to reflect that. Additionally, through our integration of
KCG, we are adapting and deploying short- and medium-term
trading strategies to the Virtu framework as they are in-line
with our market making objectives and improve internalization
of the risk.

Allison Nathan: You mentioned the need for greater
capitalization in light of greater market risk. Are non-
traditional market makers sufficiently capitalized to
address operational risk, given their larger role today?

Doug Cifu: When people think of traditional market makers,
they often think of the Wall Street banks, which were—and still
are—great at things like lending their balance sheet, financing
complex over-the-counter (OTC) derivatives, and prime
brokerage services. Unlike a bank, Virtu's focus is wholly on
providing the most competitive bid and offer in transparent,
liquid, centrally cleared financial instruments. This focus gives
us a high degree of capital efficiency that we pass on in the
form of tighter spreads and higher capital returns to
shareholders.



Top of Mind

Allison Nathan: What do you see in periods of market
stress, and how do you respond?

Doug Cifu: When the markets are stressed, our automated risk
controls enable us to continue providing liquidity on the way
down and on the way back up. Our models are tuned to keep
us in the market, and, yes, some trades lose money. At one
point on February 5" of this year, 80% of our orders were sell
orders from the retail side. That desk lost an entire day’s P&L in
about five minutes, but we kept trading the whole time. We
can't just say to our customers—especially our retail
customers—"1'm not there.” So the idea that we would just
shut off is wrong. In fact, during the Treasury flash crash in
October 2014, it was Virtu and other nimbler participants who
stayed in the market when others pulled out.

That said, as the markets move, we do make adjustments. We
monitor our profitability and supply/demand imbalances in the
markets, and adjust by increasing or decreasing the size and
width of the passive liquidity we provide on the bid and offer.
Our bid-offer has to reflect whatever price the market requires
to absorb order flow at that moment. So if SPY spreads go
from a penny wide—which they are 99.9% of the time—to a
nickel wide, we are not going to price SPY at a penny, right? At
the same time, if we are not providing the best price, we could
miss a trade, which would end up going to one of our
competitors. So there are times when we have to pretty much
take it on the chin, especially on the retail side.

Allison Nathan: Have you ever had to withdraw from the
market altogether?

Doug Cifu: The only time we'll actually shut off is if we think
there's a technology issue. If a strategy is losing or making an
unexpected amount of money, our risk controls automatically
“lock-down" the suspect strategy or symbol and alert our risk
managers. Or if the prices we're calculating are very different
from the market data, we may assume that something is
broken and decide to stop trading that instrument to investigate
the alerts. For example, on August 24, 2015, our risk controls
triggered lock-downs in certain ETFs because we made five
figures in a very short amount of time, when we would
normally make only four figures for an entire day. The net asset
value we were calculating on those ETFs looked very different
from the market data. Those are the types of instances where
our lock-downs will automatically halt our trading and market-
making activity.

Allison Nathan: Do you see an underlying liquidity problem
in the markets?

Doug Cifu: That depends. The vast majority of trading days are
uneventful from a liquidity point of view. However, occasionally
we see days when there will be less liquidity at the best bid-
offer and through the various levels of the order book, and
occasionally days when liquidity in a particular instrument will
drop 30-40%. If the market is down significantly, that decline in
liquidity shouldn’t come as a surprise. As spreads have
narrowed, the risk-reward for market makers to provide
meaningful size has changed. So if you're a buy-side
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institutional investor comparing your liquidity to, say, 15 years
ago, you need to consider not only how much liquidity you
were getting back then, but also what spreads you were paying
and the information you were giving up as a result of having
fewer, human outlets. Again, as a market maker, we are
always two-sided, and we don't shut off unless we suspect
something is broken.

Allison Nathan: Many commentators seemed to view the
volatility on February 5t as evidence that something is
wrong with the markets. It seems like you disagree?

Doug Cifu: You're right. Are the markets perfect? No, but it's
generally agreed that they functioned properly on February 5.
Was there a lot of stock that got traded? Was it priced correctly
for the orders that were in the book at that time? Did those
orders get filled? Yes, yes, and yes. None of our national equity
exchanges declared self-help, all of the major dark pools
continued to function, and there were no post-trade
reconciliation or settlement issues—as far as I'm aware. To
me, we should celebrate that, instead of running around with
our heads on fire as if the market was broken. Now, if people
were unhappy because of how much the market fell, then they
should have bought more stock that day. Nobody ever calls me
to complain when the market climbs hundreds of points really
quickly and experiences some liquidity bulges on the way up.

Allison Nathan: What problems—if any—do you see in
today’s market structure?

Doug Cifu: There are 13 US equity exchanges and dozens of
alternative trading systems or dark pools. Although Reg NMS
had many good outcomes, like connecting the markets, it
ultimately increased the complexity of the system. And
because institutional investors still don't want to send large
orders to exchanges and thereby reveal their intentions to the
market, Reg NMS ended up propagating other forms of off-
exchange trading. | think it would help to have some revisions
to Reg NMS that might lead to some consolidation and
increase transparency around brokers’ routing decisions, while
also ensuring that competition among trading venues remains
robust.

Allison Nathan: How do you see market structure and the
technology behind it evolving from here?

Doug Cifu: | think the markets will continue improving to the
benefit of users and customers. Despite some observers’
worries about where market structure is going, | would humbly
suggest that it is not so different from 30 years ago. It's just
more egalitarian and transparent. And as far as technology, the
markets will continue to move at very rapid speeds; | suppose
transacting at picoseconds is next. The time horizons will vary;
mine might be seconds, hours, or days, while a portfolio
manager’s might still be a few years. But at the end of the day,
we will both continue to make informed judgments about
market activity, even if we are using different tools to do it. And
retail investors will remain better positioned from a cost and
liquidity standpoint than before.
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Machines in the markets

Special thanks to Charlie Himmelberg and James Weldon. For more, see Liquidity as the New Leverage: Will the Machines Amplify the Next Downturn?, 22 May 2018.

Algorithmic trading has grown across asset classes... ...and regions (though the US still leads the way)
Market share of algorithmic trading by asset class, % Market share of algorithmic trading by region, %
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Algorithmic trading has become more popular across products within futures markets
Market share of algorithmic trading in futures markets, %
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Market depth drops around fundamental news events... ...as HFTs withdraw liquidity

Number of contracts around news events HFT share of market volume, %, around news events
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A discussion on market structure

We sat down with Brian Levine, Goldman Sachs Co-Head of Global Equities Trading and
Execution Services, and Raj Mahajan and Konstantin Shakhnovich, GS Global Co-Heads of

Securities Systematic Solutions (SA3), to discuss the evolution of US market structure.
The interviewees are employees of the Goldman Sachs Securities Division, not Goldman Sachs Research. The views stated herein are

their own and may not necessarily reflect those of Goldman Sachs.
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Brian Levine
Allison Nathan: When it comes to the evolution of market
structure and the electronification of trading specifically,
what developments have been the most striking to you?

S

Raj Mahajan Konstant/h Shakhnovich

Konstantin Shakhnovich: It's amazing how quickly a market can
go from almost entirely voice to entirely electronic. It took just
seven years for the FX market to flip from roughly 85% voice /
15% electronic to essentially the other way around. It is also
remarkable how difficult regulating market structure has been. For
example, the unintended consequences of well-intentioned rules
like Regulation National Market System (Reg NMS)—passed by
the SEC in 2005—have been more pronounced than | think
anyone expected.

Raj Mahajan: | agree. Reg NMS, among other things, aimed to
ensure that participants in the US equity markets received the
best price by forcing brokers and exchanges to route orders to the
venue with the best quote—the National Best Bid and Offer or
NBBO. This accelerated the electronification of the US equity
exchanges. But it also introduced substantial complexity into the
system. ldentifying the best price is not so straightforward when
there are about 40 different venues—13 US equity exchanges
plus 20+ alternative trading systems in several different states.
That, in turn, increased the importance of factors like the speed of
exchanges' data feeds.

Brian Levine: Indeed, since Reg NMS made price the
predominant variable for choosing an execution venue, it
effectively made speed in offering that best price the most
important variable. That, coupled with the exchanges’ immunity
from private lawsuits in the event of operational incidents,
incentivized the exchanges to invest in shaving microseconds off
of latency rather than improving their capacity, reliability, and
safety. A highly visible example of this was the Facebook IPO in
2012, when technical difficulties on the NASDAQ exchange led to
close to $1 billion worth of errors, with the exchange only liable
for a tiny fraction of those losses. If exchanges had stronger
incentives to enhance their stability and reliability—rather than just
their speed—that would be healthier for markets.

KS: | would add that the emphasis on price and speed has
lowered the barriers to entry, since exchanges and market makers
now compete on those two variables. New players have
proliferated as a result, further fragmenting the US equity markets
and reinforcing the complexity Raj mentioned.
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AN: Haven’t electronification and newer liquidity providers
like high-frequency traders (HFTs) improved efficiency?

RM: The markets are certainly more efficient than they were
when people in vests shouted across the floor of exchanges.
Having more market makers competing for quotes is generally a
positive thing, and it has pushed spreads tighter.

BL: That said, | think we have passed the point of diminishing
marginal returns on the speed component of electronic trading.
Does an “efficient” market really require that trades be made in
20 microseconds, which is how fast they are today? To put that in
perspective, 20 microseconds is 20 millionths of a second; a
millisecond is a thousandth of a second; the blink of an eye is 400
milliseconds. | also think whether the markets are more efficient
depends on whom you ask. For small, short-term trades—the
HFTs’ specialty—this is the case; SEC rules have been optimized
for small trades with thin spreads. But for a big institution
executing a large trade, very little improvement has been made;
the estimated costs to execute large-sized orders have hardly
improved over the past 10-15 years despite broad advancements
in computer processing power.

KS: That's true, but | don't think there should have been an
expectation for much improvement in these types of trades. If you
are trying to sell a large chunk of a company as opposed to 100
shares, there is only so much technology can do.

AN: Is the concern that HFTs have introduced risk into the
system justified?

RM: Yes, this concern is justified given that the underlying
capitalization of at least some of these HFTs is very low. This is
critical because the equity exchanges still have a mutualized
central counterparty. But the amount of capital that these HFTs
post on deposit to the National Securities Clearing Corporation
(NSCC) is generally a small fraction of the notional they trade.

KS: | agree this is a serious concern, but it is important to
understand why. There is an uninformed view out there that low
capitalization is problematic because it prevents market makers
from standing in the way of markets when they come under
stress. But frankly, no sane market maker is ever going to actually
stand there and lose a bunch of money to stabilize the market.
Rather, low capitalization is a concern because of the operational
risk it creates. While HFTs generally accrue little market risk,
meaning they typically don’'t warehouse much risk—if any—
overnight, their operational risk scales to a fairly significant degree
with how much they trade. Normally, everything is very tightly
matched and risk-controlled. But if something goes wrong, like
they have a bug in their system or their algo malfunctions, they
could accumulate risk very quickly.



Top of Mind

AN: Could this translate into systemic risk?

KS: Absolutely. If one of these HFTs has a serious problem, the
costs would be socialized to all the clearing members. It is not
difficult to envision such a scenario affecting the capacity of the
equity market to clear. It's worth mentioning that this type of
operational risk doesn't exist in some other markets. For example,
FX is effectively a bilateral market in which the brokers
underwriting the risk basically acknowledge sufficient capital
availability trade-by-trade. While the clearing house in the equity
market also underwrites the risk, it has no standard protocol for
ensuring that capital is available trade-by-trade, and its ability to
shut off a trader is fairly limited.

BL: Part of the concern is that, in US equity markets, firms that
clear and firms that execute are usually different. And firms that
clear don't have the ability to certify exchanges’ execution
controls. A key issue is that exchanges today play a hybrid role
between for-profit entities and self-regulating organizations,
blurring the lines between for-profit functions and control
functions. Establishing standard protocols for exchanges’ controls
would really help reinforce the health of the system.

AN: What about the concern that HFTs cause or exacerbate
flash crashes by reducing liquidity?

BL: If by flash crash you mean the market drops sharply but then
snaps back, | think that concern is often overstated. Scarce
liquidity in volatile markets is nothing new. In the days of manual
markets, market makers just didn’t answer their phones. For
example, in the '87 crash, people were really crowded on one side
of the trade and all ran for the exit at the same time. This isn't
much different than a hypothetical scenario today in which
systematic strategies all try to exit a position at once. It might
happen within a few seconds instead of the 20 minutes it took for
someone to answer the phone. But | think there’s a benefit to the
fact that the market readjusts quickly today. Not everyone agrees.
Many investors feel uncomfortable with a stock falling to 70 from
80 in a very short period of time. But | don't think there’s anything
inherently wrong with that. Bottom line, | don't blame HFTs for
flash crashes. In the grand scheme of things, these players do
little to improve or worsen the situation. Remember, they
generally end the day flat—they're not taking much market risk.

KS: | agree that HFTs have gotten too much attention in this
regard. In general, | think people spend too much energy trying to
define market makers and their role or obligation. In a trading
environment, every player will always decide whether or not to
participate, how much liquidity to offer, and at what price.

RM: | agree that it is almost impossible to define a market maker
these days. Some exchanges offer incentives to trade a certain
amount of volume or to post for a certain amount of time, but you
can't compel a participant to trade. In fact, studies of the Treasury
flash crash in 2014 showed that the banks widened their quotes
and offered less volume to a greater extent than HFTs.

Taking a step back, I'd say that these flash crashes are not very
significant in the context of this new trading paradigm we've been
discussing. Given the tremendous complexities in US equity
market structure, for example, it's actually pretty impressive how
well the market functions.
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AN: What does concern you?

BL: What's more worrisome to me is a real flash crash, which |
define as a situation when the market “breaks”: The data is
wrong, everything trades at dislocated prices relative to the
NBBO, and everyone—justifiably—widens their spreads. That
happens almost every time there's volatility, largely because
message traffic increases dramatically. This is due to the fact that
the opportunity set is greater and there’s no economic
disincentive for sending messages to the market, so more
electronic orders come in. This slows the system, widening
spreads and generating price dislocations, which triggers even
more orders and compounds the delays—a predicament that is
only further exacerbated by the fragmentation of the equity
markets. As this happens, stocks may trade outside of the NBBO
briefly in millisecond or microsecond increments, constituting
what | consider a genuine flash crash. All of this becomes a
negative feedback loop that causes more volatility.

Interestingly, if you define a flash crash by the percentage of
executions that took place outside the NBBO, one of the largest
ones occurred in 2008 after the first TARP bill failed, according to
internal analysis we did a few years ago. And the market didn’t
snap back, with the SPX closing down 10% on the day and on its
lows. | think that may have been why there wasn't talk of a “flash
crash” afterward, but clearly the market structurally failed pretty
badly that day, too. This suggests to me that, in a situation with
actual bad news, the current US market structure may not be able
to handle it, and there could be a downward spiral.

AN: What could address these fragilities?

KS: At a high level, the system can be slowed to provide more
time to digest information and potentially decrease message
traffic. Batch auctions—batching orders/price updates, say, ten
times per second—would basically limit the amount that any
participant trades and provide time to determine whether a
participant should be able to trade the next batch. That said, if
there are no buyers, no market structure could resolve that.

BL: I'm a huge fan of batch auctions, if regulators are willing to
explore a pretty significant overhaul of market structure.
Unfortunately, most proposed fixes over the years have been
after-the-fact, like circuit breakers. Rather than address market
fragility with more refined circuit breakers, I'd rather cure the
disease: If there are no buyers because the market broke, why
not prevent that break? In my view, we have a good chance of
achieving that if we explore incentives that would result in less
message traffic, or if we increase exchange capacity. Anything we
can do to reduce fragmentation would also help by lessening the
burden of having to check with numerous venues to hit the NBBO.

RM: Those are useful policy prescriptions. But to me, the key is
addressing capitalization. Capitalization should be a function of
open orders in the market throughout the day. If capital
requirements for HFTs are increased in this manner, HFTs will be
more selective about which venues they quote on, which will
alleviate some of the fragmentation. Furthermore, exchanges
would have to compete for non-HFT or bank flow by offering
incentives that may be more appealing to banks, especially
incentives tied to stability and reliability. In the end, by addressing
this ratio of open orders to capital, the market will naturally correct
to make the overall ecosystem safer.
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Interview with Andrei Kirilenko

Andrei Kirilenko is the Director of the Centre for Global Finance and Technology at the Imperial
College Business School. Previously, he was Professor of the Practice of Finance at the MIT Sloan
School of Management. He also served as Chief Economist of the US Commodity Futures Trading
Commission (2010-2012). He argues that common concerns around high-frequency traders (HFTs)
aren't always warranted, but that not all market participants can access the liquidity HFTs provide;
and that more information about latency would improve price discovery and market resiliency.

The views stated herein are those of the interviewee and do not necessarily reflect those of Goldman Sachs.

~| Marina Grushin: You have looked
extensively at the impact of
technology and automation on
financial markets. How have they
affected market structure, and
specifically market making?

Andrei Kirilenko: Cheaper and faster
computers, along with the
development of financial algorithms,
have driven enormous structural change in the markets. One of
the most notable changes has been the erosion of market
makers’ specialized, niche position in the system. Their
function remains the same: They facilitate continuity by buying
and selling on demand, so that natural buyers and sellers do
not have to arrive in the markets at the same time. However,
market makers no longer have the monopoly they once did as,
say, specialists on the New York Stock Exchange. Technology
has enabled just about any market participant to automate a
trading platform to buy and sell on demand. It has also enabled
some proprietary traders—in particular HFTs—to provide what
appears to be a variant of market-making services without
necessarily having any obligation to be market makers.

Marina Grushin: What has your research shown about the
costs and benefits of HFTs’ participation in the markets?

Andrei Kirilenko: HFTs make markets more continuous and
offer market participants greater immediacy. They have also
enabled smaller trades to take place within microseconds, at or
very close to the best market price. Those are significant
benefits. On the other hand, HFTs have made trading large
volumes much more challenging. My empirical work shows
that HFTs effectively act as a private matching engine—a
sophisticated piece of computing technology that matches buy
and sell orders—while embedding their own trading strategies
into the logic of that engine. As a result, traders attempting to
take a large directional position can no longer assume that their
orders are entering a passive system. Rather, the system
actively changes in response to—or in anticipation of—what
they're doing. If they want to buy, prices will start to rise. If
they want to sell, prices will start to fall. In other words, there
has been a large cost to investors who want to trade in size.

Marina Grushin: Can you elaborate on how HFTs have
impacted market liquidity?

Andrei Kirilenko: High-speed, automated trading has
challenged our traditional notion of liquidity. Liquidity was
previously thought of as something passive, like a resting limit
order: Once it's placed, it sits there, ready to be picked up by
someone who wants to consume that liquidity. In the presence
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of HFTs, liquidity now reflects orders being submitted and
canceled very quickly in addition to the orders passively
awaiting a match. This means the market will give the
appearance of liquidity, but if you try to trade against it, that
liquidity may disappear like a phantom. Moreover, passive
liquidity has become less transparent either by hiding inside
“iceberg” orders on lit venues or by outright migrating into so-
called dark pools, where participants are assured that price will
not respond to their order flow.

Marina Grushin: Is this notion of “phantom” liquidity still
as relevant as it was, say, five years ago? Haven't
investments in technology by other market participants
reduced the speed advantage of HFTs?

Andrei Kirilenko: My research on latency indicates that
fleeting liquidity definitely still exists. It's true that high-speed
trading has become commoditized. A fast market feed and
colocation—whereby a trader’s hardware is housed close to an
exchange’s matching engine—are not as expensive as they
used to be. However, HFTs still have a large technological
advantage. Let's say your spending on trading technology gets
you to the one-millisecond horizon, while the time it takes for
an HFT to display and cancel an order is 30 microseconds.
Moving from one millisecond to 30 microseconds is actually
quite costly. You would need specialized hardware designed to
run a particular protocol for a particular venue. But if you
choose to remain at one millisecond, you won't be able to
touch that 30-microsecond liquidity. Needless to say, less
technologically sophisticated players are even more limited in
what liquidity they can “consume” at any given time.

Marina Grushin: How have you observed HFTs’ behavior
change amid market stress, when liquidity is often scarce?

Andrei Kirilenko: | looked into this with a few other
researchers in a study of the May 2010 US equity flash crash.
We identified HFTs based on their trading dynamics—inventory
balances and trading volume—and then analyzed how they and
other market participants behaved during that event. We found
that throughout the flash crash, HFTs did not change their
trading strategies or their overall behavior. In my view, they
continued to trade because they don't particularly care about
the price level; they only see one tick up or one tick down, and
they basically make money on every tick.

In contrast, some other market participants—mainly traditional
market makers who were providing passive limit orders before
and after the event—did withdraw temporarily from the
markets. Some of them did not come back until after the five-
second trading pause kicked in at the very bottom of the flash
crash. So at a certain point, the majority of trading activity was
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happening only among HFTs, basically passing around a “hot
potato.”

That said, there is evidence that HFTs exacerbated the sell-off
and accelerated the price swings. Had they not been in the
market, prices may not have moved as quickly or as far.

Marina Grushin: Market participants and the media have
sometimes argued that HFTs increase market risk. What's
your view on this?

Andrei Kirilenko: | don't believe HFTs pose a major risk to the
markets. They are incredibly skilled at managing their inventory.
Despite constantly buying and selling, they do not accumulate
significant inventory. So their net open position at any time of
the day—and therefore their market risk—is very small.

Marina Grushin: Do you think they are equipped to
manage their operational risk—for instance, a technology
glitch? Could that pose a systemic risk?

Andrei Kirilenko: There do seem to be some concerns about
this given HFTs’ dominance in certain markets. But | would
point out that HFTs are typically trading with their own money.
If something goes wrong, they're the ones that will get run
over. It is hard to envision taxpayers bailing them out, so moral
hazard doesn’t appear to be an issue. Therefore, to me, HFTs
are taking a calculated risk in deciding how and where to
operate. The fact that they are not present in all markets
suggests that they restrict themselves to areas where they
have sufficient capitalization, a strong understanding of market
dynamics, and a technological advantage. And if one of them
goes down, it will simply be replaced.

Marina Grushin: What does worry you?

Andrei Kirilenko: | would be more concerned in a scenario
where HFTs withdraw intermediation from the markets on a
large scale. That would indicate that we have a very serious
problem on our hands. HFTs' technology enables them to
operate in front of the rest of the market, or very close to the
front. So if they stop trading, it would signal some very large
source of uncertainty. For instance, one thing that would
certainly rattle HFTs—along with other market participants—is
any sort of issue with the data feed.

More broadly, | would note that the much greater complexity of
the entire marketplace today creates new risks. Instead of
isolated, passive platforms, we have an actively evolving
ecosystem of trading venues that constantly respond to
different signals. With this greater complexity, the potential for
technological malfunctions or sudden events such as flash
crashes has also increased. You can imagine an announcement
or regulatory move of some kind leading to a large liquidity
event, which then gets exacerbated by the presence of HFTs.

Marina Grushin: What do you make of the flash crashes in
recent years? How worried should we be about them?

Andrei Kirilenko: Based on my own observations and
regulators’ statements, flash crashes seem to be a fixture of
the markets. They can affect everything from a single stock to
a massive price discovery vehicle like the S&P 500. My
takeaway from these episodes is that, while they see prices
move quickly, they often cause information to become available
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with a greater delay, both through the market feed and traders’
own communication platforms. In other words, prices speed
up, but the time to react to them slows down. Along the way, it
appears that algorithms can cause prices to move in cascades,
contributing to a reallocation of liquidity.

While these events do happen periodically, | would argue that
we have increasingly effective tools to deal with them. In the
past, the most common safeguard was the circuit breaker,
which would kick in—quite disruptively—once prices had
already moved. Today, we have various pre-trade safeguards
that can help keep prices from moving. So-called throttles, for
example, can limit volumes if an algorithm appears likely to
result in extreme price moves. And market participants cannot
connect to trading platforms unless their algorithms are tested
under adverse market conditions. In short, while there are risks
in automated trading systems that we don't fully understand,
there are also continuous efforts to address them.

Marina Grushin: Overall, what do you see as the biggest
shortcoming in market structure today?

Andrei Kirilenko: To me, the most important problem is
technological in nature. Automated trading relies on messages
passing through complex pieces of technology that can
influence how quickly, and in what sequence, orders end up in
the matching engine. Never mind that switches can burn down,
fiber optic cables need to be replaced, etc.; two orders that
arrive at an exchange at the same time can actually end up in
the matching engine at different times simply due to a router
configuration. This creates significant technological uncertainty
for market participants, who have little to no transparency on
the latency of their trades. And, as the press has documented,
some traders have also exploited this for profit.

Marina Grushin: As a former regulator, what policy
prescriptions would you recommend to address this?

Andrei Kirilenko: | would advocate for greater transparency on
latency information available to the markets. Market
participants know and calculate their own latencies, but they
don't know them for the market as a whole. Their algorithms
react to time, yet they don't get to see it directly in their market
data feed. My recommendation would be to add some notion
of time to the prices and quantities that are already submitted
to the feed. The exchanges collect this information already, and
| think regulators should engage in more active discussions
with them about releasing it.

If we took this step, market participants would be able to
optimize their algorithms for latency across platforms. They
could learn to look through the transactions that take place
beyond the speed at which they can actually trade—essentially
tuning out the noise and focusing on the liquidity they can really
touch. Think of it as a central limit order book for just the one-
millisecond latency horizon. That book might look much sparser
than the overall market, and it might show a bid-ask spread of
three ticks as opposed to one. But for market participants who
can trade in one millisecond, that book would be a more
accurate reflection of the market they are facing. This could
potentially help curb price reactions and thereby make markets
more resilient. To me, that's long overdue.
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Low vol does not always mean low risk

Christian Mueller-Glissmann and Alessio Rizzi
see shifts in market structure muddying the
links between fundamentals, volatility, and risk

Volatility is often used as a measure of risk. When volatility is
driven by fundamentals, this makes sense: As the fundamental
backdrop worsens, volatility, and in turn, risk, increases, and
vice versa. However, low volatility does not necessarily mean
low risk, as periods of low vol can actually mask latent risks
that owe to excessive risk-taking, especially if this search for
yield occurs in illiquid assets. Low volatility can result in
investors underestimating liquidity risk. On the other hand,
episodes of high volatility may not always reflect the
fundamental backdrop, as the S&P 500 vol spike earlier this
year demonstrated. Changes in systematic investment
strategies and market microstructure since the Global Financial
Crisis (GFC) have the potential to exacerbate these
disconnects, muddying the relationship between fundamentals,
volatility, and risk.

Fundamentals disconnect

Equity volatility is normally driven by fundamentals. It tends to
be countercyclical: As the business cycle matures, inflation
tends to pick up and recession risk increases, both of which
can drive higher volatility. Conversely, low-vol periods typically
coincide with a generally supportive macro backdrop, which
tends to support equity returns. However, in recent years,
equity market volatility has disconnected more frequently from
fundamentals. While macro volatility (of GDP and inflation) has
generally declined since the mid-1980s when central banks
started aggressively targeting inflation (ushering in the “Great
Moderation”), realized S&P 500 volatility has actually trended
upward since the 1990s. In addition, S&P 500 vol spikes have
become both larger and faster in recent years—occasionally
without a clear and material fundamental catalyst. As a result,
vol of vol is approaching levels similar to 1987, even as the
global economy has continued to expand since the GFC and
the equity bull market is closing in on the longest on record
(which was in the 1990s).

Low vol does not always mean low risk

This disconnect implies that volatility can send the wrong signal
to investors. Indeed, low volatility does not always mean low
risk. In recent decades, a lack of inflation has allowed central
banks to err on the side of caution and buffer the business
cycle, enabling longer expansions and longer periods of low
volatility. But longer low-vol periods can drive excessive risk-
taking and releveraging (a phenomenon dubbed the “volatility
paradox”), which can eventually lead to a volatile unwind of
imbalances, as happened during the GFC. In fact, the external
shocks that interrupted the two low-vol regimes since the
GFC—namely, the Euro area crisis and the EM/oil crisis—may
have helped prevent a build-up of larger imbalances during the
current cycle.

Today, the potential for excessive risk-taking by investors may
be especially pronounced given the rise of systematic, pro-
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cyclical investing strategies tied to volatility. These include
short volatility and option selling strategies; Commodity Trading
Advisors (CTAs, $350bn in AUM according to BarclayHedge),
which effectively buy assets with positive momentum and
therefore tend to invest in equities as they trend higher during
low-vol regimes; and risk parity and volatility targeting funds
(combined AUM close to $1tn’), which might also increase
exposure to equities amid low vol. Such rule-based strategies
may contribute to low-vol regimes, but they can also have
quick, simultaneous unwinds during periods of high volatility
(although of course risk allocation rules differ somewhat across
strategies). And in cases of extreme positioning, reversals may
not require a large fundamental shock. As a result, they have
the potential to generate higher volatility outside recessions
compared to the past.

Technical difficulties

A related concern is that shifts in market microstructure have
reduced market liquidity, and could thus exacerbate volatility in
periods of market stress; put differently, low volatility can mask
illiquidity risks. Rising volatility can then sharply reduce liquidity;
for example in S&P 500 futures, bid-ask spreads and order
book sizes have become very sensitive to the level of volatility.
Relevant shifts in market structure and the overall market
landscape include: (1) changes in bank regulation since the
GFC; (2) the growth of high-frequency traders, which some
argue could exacerbate liquidity scarcity during “flash crash”
episodes (see pg. 8); (3) the rise of passive/smart beta
strategies, which can drive crowding; (4) growth in ETPs that
are levered, inverse (e.g., the short VIX ETPs involved in the vol
spike earlier this year—see pg. 16), and/or on illiquid underliers.

Overall, we see increased risk that volatility disconnects again
from fundamentals, and that markets experience more sharp
and unpredictable “risk-off” periods. This is especially true as
the macro backdrop has become less strong, with the
growth/inflation mix worsening year-to-date. Therefore, while
we continue to recommend a pro-risk asset allocation
(overweight equities and commodities, underweight bonds),
we are also overweight cash near term. This should help
investors weather more fundamentally-driven volatility (i.e., due
to further worsening of the growth/inflation mix and elevated
policy uncertainty) and more technically-driven episodes of
market turbulence. To hedge against smaller, technical
corrections, shorter-dated put spreads, e.g., S&P 500 1-month
97-93% put spreads, appear attractive—put/call skew is
elevated and has trended up since the GFC due to changes in
US bank regulation.

Christian Mueller-Glissmann, Sr. Multi-Asset Strategist

Email:  christian.mueller-glissmann@gs.com Goldman Sachs International

Tel: +44-20-7774-1714

Alessio Rizzi, Multi-Asset Strategist

Email:  alessio.rizzi@gs.com Goldman Sachs International

Tel: +44-20-7552-3976

For details see: Global Strategy Paper: Taste of the High (Vol) Life, 16 April 2018.

' Estimating the total size of risk parity, vol target funds, and similar funds that are
implicitly or explicitly “short volatility” is difficult due to lack of public data. Recent
academic research has come to similar numbers: see Bhansali & Harris (2018).
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Lessons from volatility

Special thanks to Christian Mueller-Glissmann, Alessio Rizzi, and the multi-asset strategy research team. For more, see accompanying article, “Low vol does not
always mean low risk” on pg. 14 as well as Global Strateqy Paper: Taste of the High (Vol) Life, 16 April 2018.
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The VIX spike: causes and concerns

Rocky Fishman argues that the precise drivers
of the February VIX spike are unlikely to repeat
themselves, but that other aspects of market
structure raise the risk of volatile price action

Q: The VIX jumped 20 points in a few hours on February
5t What happened?

A: The S&P 500 fell sharply in the afternoon of February 5%,
with SPX futures finishing the day down over 5%—the largest
one-day decline since 2011. The VIX's move was even more
extreme: the 20-point spike toward its closing level
represented the largest one-day change in the VIX ever. Known
rebalancing procedures of short-term VIX futures-based
products contributed materially to the equity market selloff, and
particularly to the outsized move in volatility metrics, in our
view. The lack of a clear fundamental or economic catalyst for a
selloff of this magnitude also suggests that this event was
primarily technical in nature.

The (VIX) spike of all spikes
One-month weighted average of 1% and 2" VIX futures, intraday on
5-Feb-18
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Source: Bloomberg, Goldman Sachs Global Investment Research.

Q: What are VIX and volatility derivatives, and why do
investors trade them in the first place?

A: Investors trade volatility derivatives, including VIX futures
and options, for three primary reasons: (1) to hedge portfolios,
because volatility typically rises when risky assets across asset
classes are falling; (2) to collect yield by selling typically-
overpriced options, because implied volatility often exceeds
subsequent realized volatility; and (3) to manage option
positions' risk, because options’ value is in part a function of
volatility levels. The VIX itself cannot be traded, but VIX futures
and options are linked with the level of the VIX at a single
future moment in time and provide a liquid, listed marketplace
for investors to trade volatility risk.

Q: What are VIX exchange-traded products, and why were
they so impactful on February 5t?

A: Exchange-traded funds and exchange-traded notes (which
we collectively refer to as exchange-traded products, or ETPs)
were first launched on VIX futures strategies in 2009. The first
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ETP provided long exposure to VIX futures, and subsequent
ETPs also included short exposure to VIX futures and levered
long exposure to VIX futures. In the early years of the VIX ETP
market, the products were predominantly used to establish
long volatility exposure, but by early this year strong
performance of short ETPs and some early 2018 inflows had
led the short volatility ETPs to collectively outsize the long
ETPs.

Like levered equity ETFs, the inverse and levered long VIX
ETPs are designed to return a multiple (-1x or 2x respectively)
of a VIX futures strategy’s return on a one-day basis only. Every
day, the issuers of these ETPs re-size the derivatives portfolio
used to back each product to maintain a defined multiple of the
product’s closing value. When VIX futures rise, both inverse
product issuers and levered long product issuers are
economically driven to buy VIX futures: the inverse product
issuers to reduce a short position that has become too large
relative to the product’'s AUM, and the levered issuers to
supplement a long position that has not grown as quickly as the
product itself. We estimate that February 5"'s spike in volatility
left issuers with over 200,000 VIX futures to buy toward the
end of the trading session—an outsized amount (around 50%
of the open interest of the first two VIX futures) that led to
sharp moves in all measures of implied volatility.

Q: Was the short volatility position of the VIX ETPs the key
reason they were impactful on February 5t?

A: No. The fundamental characteristic of the VIX ETPs that
contributed to February 5™’s volatility spike was their daily
leverage, not their net short volatility positioning. Both inverse
and levered long ETPs contributed to the late afternoon
volatility because both buy VIX futures near the close when
volatility is rising. These products’ ability to move markets to
the extent they did was driven by two characteristics: (1) they
have a real-time, end-of-day, feedback loop, in which the final
price of VIX futures is an input to the number of VIX futures
they need to be long/short; and (2) they were too large a
percentage of the VIX futures market they participated in (AUM
growth resulted in part because the short ETPs do not
distribute profits).

Both long and short products were significant contributors
VIX ETPs: VIX futures to buy on a 5-point VIX futures spike,
thousands of contracts

200 +
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Long ETPs
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100 -
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Source: Reuters, Goldman Sachs Global Investment Research.
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Q: Could a similar VIX ETP-driven event happen again?

A: Not for now, and not likely anytime soon. Even if a similar
equity selloff were to occur today, the combination of the
much-diminished size of short VIX ETPs ($600mn AUM now vs.
$4bn at their peak) and changes to product structure (reducing
the leverage of two key products) would leave VIX ETP issuers
with a small fraction of February 5"'s futures-to-buy.

More broadly, though, the large amount of assets invested in
products and strategies that demand near-instantaneous
liquidity could continue to create occasional mismatches with
markets that can see diminished liquidity in moments of stress.
Liquidity has its own supply-demand dynamics, and when
demand (systematic strategies’ need to trade) exceeds supply
(market makers” willingness to facilitate trades), the cost of
liquidity (market impact of a given trade) will rise. Individual
trades moving markets more than they once would have, or
more than warranted by fundamentals, means higher volatility.

Q: How has the role of volatility itself evolved in portfolio
management, and how might volatility be connected with
market fragility?

A: Implied volatility was originally a metric used to observe and
contextualize option prices when the Black-Scholes formula
was published (connecting the price of options with implied
volatility) and the VIX index was launched (linking expected
volatility to the price of a portfolio of options). The role of
volatility has widened since then. The growth in variance swap
trading, and later VIX derivative trading, turned volatility into an
active, traded asset, with more short-dated volatility risk traded
via VIX derivatives than via the SPX options they were designed
to track. Short-dated implied volatility is now primarily driven by
investors’ views about volatility, in our view. In the post-GFC
period, volatility has gained traction as an input to portfolio
construction processes of systematic investment strategies.
Managed volatility funds, for example, do not trade derivatives
at all, but rather use volatility to determine how large an
allocation to equities they hold at a given moment. As a result,
volatility can drive semi-automatic equity selling, which in turn
can boost expected volatility in times of market stress.

Fast growth in volatility trading
Open interest of first two monthly VIX futures, thousands of
contracts, two-month rolling average
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Source: Reuters, Goldman Sachs Global Investment Research.
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Q: Did February’s spike in volatility influence underlying
equity market prices?

A:In our view, yes. At a very direct, in-the-moment, level, it is
likely that some of those market participants who had sold VIX
futures to ETP issuers sought to crudely neutralize the market
risk in these new short volatility positions by selling S&P 500
futures (on the assumption that VIX futures are negatively
correlated with the SPX). Less directly, long-only asset
allocation strategies that use volatility as an input may have
been driven to reduce equity positioning, as described above.
Even if those strategies would reduce equity positions slowly,
investors worried about upcoming systematic strategy selling
may have chosen to reduce their own equity positions. At the
most indirect level, the rise in volatility damaged investor
confidence and also influenced various funds' risk metrics. In
any case, the equity market selloff reverberated broadly: even
Asian equity markets fell sharply when they opened on
February 6%.

Vol still elevated
SPX quarterly realized volatility, %; dotted lines indicate 5/50/85th
percentiles, last 50Y

85th percentile 19.8%

Months after February’s VIX
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Source: Bloomberg, Goldman Sachs Global Investment Research.

Q: Volatility is still elevated, four months after February’s
selloff. Does that mean we have entered a high-volatility
environment?

A: In our view, no. While S&P 500 volatility has been above
average for most of 2018, it has not been extreme. Moreover,
it has recently drifted back down below historical averages,
moving closer in line with the low levels of volatility seen in
other markets, including equity index volatility outside of the
US and interest rate volatility. With near-term recession risk
low and upside remaining for equities, we expect the VIX to
remain below average. That said, weakening economic
conditions and consistently elevated realized volatility both
justify a VIX above its 2017 range. The VIX is therefore unlikely
to re-test last year's historically unusual lows in the near future.

Rocky Fishman, Equity Derivatives Strategist

Email:  rocky.fishman@gs.com Goldman Sachs and Co. LLC

Tel: 212-902-3396

For more, see VIX: Q&A on the Trading Dynamics of ETPs, 7 February 2018.
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ture and liquidity lingo

Algorithmic trading (sometimes described as systematic or
“quant” trading): The use of computers and/or mathematical
models to perform various types of trading activity—e.g., make
decisions, submit trades, manage orders—according to specific
criteria. Algorithmic trading is employed for everything from
index fund rebalancing and factor investing to breaking up large
orders according to volume or time.

Alternative Trading System (ATS): A non-exchange trading
venue. Examples include some electronic communication
networks and dark pools.

Bid-ask spread: The difference between the price at which
someone is willing to buy an asset (the bid) and the price at
which someone is willing to sell the same asset (the ask or the
offer). “Being” or “posting” the bid (offer) refers to being a
willing buyer (seller) of an asset.

Broker-dealer: A trading intermediary that acts both as an
agent, or broker (matching buyers and sellers on commission),
and as a principal, or dealer (buying/selling for its own account).

Central limit order book (CLOB): A platform that
automatically, and usually anonymously, matches buyers and
sellers. The CLOB also lists the quantity of securities being bid/
offered at a given price, providing a display of market depth.

Centralized clearing: A system in which transactions clear
through a single counterparty (rather than through various
bilateral counterparties).

Commodity trading advisors (CTAs): Funds that use futures
and other derivatives to achieve their investment objectives.
CTAs initially operated predominantly in commodities markets
but currently invest across multiple asset classes. While CTAs
differ widely, the majority engage in systematic, trend-following
strategies with the aim of capturing directional market moves.

Dark pools: Alternative trading systems in which bid and offer
prices are not made public until after a trade is executed, with
the intention of anonymously facilitating large orders and
limiting their impact on market price.

Exchange-traded products (ETPs): Investment vehicles that
track an index or basket of assets and trade on an exchange at
market-determined prices. There are two primary types of
ETPs: exchange-traded funds (ETFs) and exchange-traded
notes (ETNs). ETFs share some investment features of mutual
funds, with investors buying ETF shares to own a proportional
interest in the pooled assets. ETNs are unsecured
unsubordinated debt obligations, structured as a promise to pay
a pattern of returns based on the return of the stated index.

High-frequency trading (HFT): Computer-driven trading that
takes place with extremely low latency (i.e., in microseconds or
milliseconds). HFT firms employ advanced technology to
enhance speed, including computer systems located on or near
the premises of exchange servers (“colocation”). HFT involves
generating and rapidly canceling numerous orders as algorithms
react to market conditions.

Liquidity risk premium: The additional return that
compensates investors for the risk of holding a less liquid
security (i.e., one that cannot be as readily converted into cash).

Managed volatility funds: Funds that explicitly target a level
(or range) of realized portfolio volatility, and thus dynamically
change their asset allocation—usually within days—in response
to changing market conditions. A typical fund contains a
portfolio of equities and bonds, and will at times add a short
equity futures position to reduce volatility. The largest managed
volatility products do not employ material amounts of leverage,
and are most commonly found in products that aim to give
investors steady cash flows and upside exposure to equities.

Market liquidity: The ability to buy or sell an asset without
significantly impacting the overall market price.

Market maker: A market participant prepared to buy or sell
securities on its own account at bid or offer prices quoted for a
guaranteed number of shares. Examples of “traditional” market
makers include specialized traders at exchanges and broker-
dealers. Recent years have seen the growth of newer, “non-
traditional” market makers (e.g., high-frequency traders) that
apply technology to profit from bid-ask spreads while
maintaining minimal intraday and inter-day risk.

Over-the-counter (OTC): Transactions that take place
bilaterally rather than on an exchange. Post-crisis financial
reforms have included efforts to move OTC derivatives toward
centralized clearing models. OTC markets are sometimes
referred to as dealer markets.

Passive investing: Investing in vehicles that track the returns
of a market index or basket of assets, such as index mutual
funds and ETFs.

Price dislocation: A large mispricing of assets relative to their
fundamental value.

Regulation National Market System (Reg NMS): Rules
passed by the US Securities and Exchange Commission (SEC)
in 2005 intended to “modernize and strengthen” the regulation
of US equity markets. Reg NMS established the Order
Protection Rule, which aims to ensure that every market
participant receives the best price by requiring brokers and
exchanges to route orders to the venue with the lowest quote
(i.e., the National Best Bid and Offer or NBBO). Other issues
covered by Reg NMS include market access and the
dissemination of market data.

Risk parity funds: Funds that aim to dynamically balance the
risk of different asset classes in a portfolio. This differs from a
60/40 stock-bond allocation, in which risks are skewed towards
equities. Risk parity funds may lever up bond holdings to
achieve a higher level of risk that is more comparable to
equities. Many risk parity funds also have a volatility target.
These funds typically use long-term targets of asset class
volatility and correlation, and adjust their allocations more
slowly in response to volatility than managed volatility funds.

Short volatility strategies: Investments designed to profit
from options’ being overpriced relative to their expected value.
Short vol strategies generate income either by directly selling
options or by selling volatility derivatives that are economically
linked to portfolios of options. Inverse VIX ETPs, which track
the returns from selling 1-2m VIX futures, are one example.

Source: Congressional Research Service, US SEC, Financial Times Lexicon, Investment Company Institute, Goldman Sachs Global Investment Research.
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Glossary of GS proprietary indices

Current Activity Indicator (CAl)

Our CAl measures the growth signal in a broad range of weekly and monthly indicators, offering an alternative to Gross Domestic
Product (GDP). GDP is a useful but imperfect guide to current activity. In most countries, it is only available quarterly and is
released with a substantial delay, and its initial estimates are often heavily revised. GDP also ignores important measures of real
activity, such as employment and the purchasing managers’ indexes (PMls). All of these problems reduce the effectiveness of
GDP for investment and policy decisions. Our CAls aim to address GDP's shortcomings and provide a more timely read on the
pace of growth. We currently calculate CAls for the US, Euro area, Japan, UK, and 29 other countries. For more, see Global
Economics Analyst: Trackin’ All Over the World — Our New Global CAl, 25 February 2017.

Financial Conditions Index (FCI)

Financial conditions are important because shifts in monetary policy do not tell the whole story. Our FCls attempt to measure the
direct and indirect effects of monetary policy on economic activity. We feel they provide a better gauge of the overall financial
climate because they include variables that directly affect spending on domestically produced goods and services. Each FCl is
calculated as a weighted average of a policy rate, a long-term riskless bond yield, a corporate credit spread, an equity price
variable, and a trade-weighted exchange rate; in the Euro area we also include a sovereign credit spread. The weights mirror the
effects of the financial variables on real GDP growth in our models over a one-year horizon.

Global Leading Indicator (GLI)

Our GLlIs provide a more timely reading on the state of the global industrial cycle than the existing alternatives, and in a way that
is largely independent of market variables. Global cyclical swings are important to a huge range of asset classes; as a result, we
have come to rely on this consistent leading measure of the global cycle. Over the past few years, our GLI has provided early
signals on turning points in the global cycle on a number of occasions and has helped confirm or deny the direction in which
markets were heading. Our GLI currently includes the following components: Consumer Confidence aggregate, Japan IP
inventory/sales ratio, Korea exports, S&P GS Industrial Metals Index, US Initial jobless claims, Belgian and Netherlands
manufacturing surveys, Global PMI, GS Australian and Canadian dollar trade weighted index aggregate, Global new orders less
inventories, Baltic Dry Index.

Goldman Sachs Analyst Index (GSAI)

Our US GSAl is based on a monthly survey of Goldman Sachs equity analysts to obtain their assessments of business conditions
in the industries they follow. The results provide timely “bottom-up” information about US economic activity to supplement and
cross-check our analysis of “top-down"” data. Based on their responses, we create a diffusion index for economic activity
comparable to the ISM's indexes for activity in the manufacturing and nonmanufacturing sectors.

Macro-Data Assessment Platform (MAP)

Our MAP scores facilitate rapid interpretation of new data releases. In essence, MAP combines into one simple measure the
importance of a specific data release (i.e., its historical correlation with GDP) and the degree of surprise relative to the consensus
forecast. We put a sign on the degree of surprise, so that an underperformance will be characterized with a negative number and
an outperformance with a positive number. We rank each of these two components on a scale from 0 to 5, and the MAP score
will be the product of the two, i.e., from -25 to +25. The idea is that when data are released, the assessment we make will
include a MAP score of, for example, +20 (5;+4)—which would indicate that the data has a very high correlation to GDP (the '5’)
and that it came out well above consensus expectations (the ‘+4')—for a total MAP value of '+20.” We currently employ MAP for
US, EMEA and Asia data releases.

Real-Time Inflation and Activity Framework (RETINA)

RETINA provides a comprehensive econometric methodology able to filter incoming information from the most up-to-date high
frequency variables in order to track real GDP growth in the Euro area. Along with a GDP tracker, RETINA also captures the
interrelated mechanisms of the area-wide pricing chain, providing a short-term view on inflation dynamics.
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