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» Opportunities: an Historical Perspective



Correlation Products



Building Blocks: Vol Products

Realized variance:

1 & S ,
RV = =3 (In( =)
Nt St—l
OTC products to trade realized variance:
—  Delta-hedged options (straddles)
—  Volatility swap
—  Variance swap

Listed Products
— Futures on realized variance



Implied Correlation

From index and single-stock implied vols, one can extract the
average pairwise Implied Correlation (= IC) embedded in option
prices by the market.

Let FVV = Fair Value of Variance, then IC is

n
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Basic Trade Idea

Mechanics: a dispersion trade consists of
— selling vol on the index, while simultaneously
—  buying vols on the component

Appeal:
— historically index volatility has traded rich, while
— individual stock volatility has been fairly priced
— =>» implied correlation has historically been above realized



Correlation Market “Anomaly”

Index = Eurostoxx
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Correlation Market “Anomaly”

Index = Dow Jones
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Correlation Trading: Products

Correlation swaps: pay the difference between an implied correlation
strike and the average pairwise correlation in a basket of stocks.
Correl-swaps are not a natural hedge for dealers’ or structurers’
books, as theses books are mostly exposed to covariance risk.

Delta-hedged straddles: sell index straddles, buy single-stock
straddles. Delta-hedging a book of 50-100 options is expensive and
complicated for a hedge fund.

Index var-swaps against single-stock var-swaps: it is the most
popular way to structure the trade over the last 2/3 years has been to
trade. This structure fits broker-dealer books relatively well and is
manageable from a hedge fund point of view as no delta-hedging is
necessary.



Dispersion Trading: VVar-swaps

Sell a var-swap on an index, buy variance swaps on the individual
components of the index.

On the single stock side, vega notionals are typically proportional to
index weights.

By adjusting the ratio of index vega notional to stock vega notional,
one can modify the return distribution profile of the portfolio. Most
people like the trade “vega neutral” (sum of single stock vega
notional = - index vega) or “premium neutral” (sum of variance
notional * variance strikes on the index side = index variance notional
* Index variance strike).

As the next 2 slides will show, a “premium neutral” trade is a good
way to replicate a covariance exposure.



Vega-Neutral trade

Payoff Matrix (in $M, for a $1M index vega dispersion trade on DJIA,43% implied correlation)

VOL RATIO
Correlation 01 02 03 04 05 06 07 08 0.9 1 1.2 1.4 16 18 2 2.4 2.8 3.2 3.6 4

o] (409 (3.74) (3.15) (2.33) (1.28) 001 153 329 528 750 1265 1874 2576 3372 4261 6321 6779 6605  64.08  61.87
0.0s| @100 (377) (323) (248) (1.50) (0.32) 1.09 271 454 660 11.35 1697 2345 3079 39.00 58.01  60.71  56.80  52.38  47.43
01] 4.10) (381) (3.31) (262) (1.73) (0.64) 065 213 381 569 1005 1520 2113 27.87 3539 5281  53.63 4756  40.68  32.98
01s| @11) (3.84) (3.39) (2.76) (1.95) (0.97) 020 155 3.08 479 875 1343 1882 2494 3178 47.61 4656  38.32  28.98  22.07
02| 4.12) (3.88) (3.48) (2.91) (2.18) (1.29) (0.24) 098 235 389  7.45 1166 1651 22.02 2817 4241 3948 2907 2207  22.07
0.25] (4.13) (392) (356) (3.05) (241) (1.62) (0.68) 040 162 299 615 989 1420 19.09 2455 37.21 3240 2207 2207  22.07
03| (4.14) (3.95) (3.64) (3.20) (2.63) (1.94) (1.12) (0.18) 0.89 2.08 4.85 812 11.89 1617 2094 3201 2532 2207 2207  22.07
0.35] (415 (3.99) (3.72) (3.34) (2.86) (2.27) (1.57) (0.76) 0.16 118 355 635 958 1324 17.33 26.81 2207 2207 2207  22.07
04| (4.16) (4.02) (3.80) (3.49) (3.08) (259) (2.01) (1.34) (057)| o028 225 458 727 1032 1372 2161 2207 2207 2207  22.07
0.45] (4.17) (4.06) (3.88) (363) (3.31) (2.92) (245 (1.91) (@31 (063 o095 281 496 739 1011 1641 2207 2207 2207  22.07
05| (4.18) (4.10) (3.96) (3.78) (3.53) (3.24) (2.89) (2.49) (2.04) (1.53) (0.35) 1.04 265  4.47 6.50 1598 2207 2207 2207  22.07
055 (4.19) (4.13) (4.04) (392) (3.76) (3.57) (3.33) (3.07) (2.77) (243) (1.65) (0.73) 033 154 2.89 1598 2207 2207 2207  22.07
0.6] (4.19) (417) (4.13) (4.06) (3.99) (3.89) (3.78) (3.65) (3.50) (3.33) (2.95) (250) (1.98) (1.38) (0.72) 1598  22.07  22.07  22.07  22.07
0.65] (4.20) (4.20) (421) (421) (4.21) (4.22) (4.22) (4.22) (4.23) (4.24) (4.25) (4.27) (429) (431) (433) 1598 2207 2207 2207  22.07
07| (4.21) (4.24) (429) (4.35) (4.44) (454) (4.66) (4.80) (4.96) (5.14) (5.55) (6.04) (6.60) (7.23) (5.90) 1598  22.07  22.07 2207  22.07
0.75] (4.22) (4.28) (4.37) (4.50) (4.66) (4.87) (5.10) (5.38) (5.69) (6.04) (6.85) (7.81) (8.91) (10.16) (5.90) 15.98 2207  22.07 22.07  22.07
08| (4.23) (4.31) (4.45) (4.64) (4.89) (5.19) (5.55) (5.96) (6.42) (6.94) (8.15) (9.58) (11.22) (13.08) (5.90) 15.98  22.07  22.07  22.07  22.07
085 (4.24) (435 @453 @479 (5.11) (552) (5.99) (6.54) (7.16) (7.85) (9.45) (11.35) (18.53) (15.34) (5.90) 1598  22.07  22.07  22.07  22.07
09 @25 439 (461) (4.93) (5.34) (5.84) (6.43) (7.11) (7.89) (8.75) (10.75) (13.11) (15.84) (15.34) (5.90) 15.98 2207  22.07 22.07  22.07
0.95] (4.26) (442) (4.69) (5.08) (5.57) (6.17) (6.87) (7.69) (8.62) (9.65) (12.05) (14.88) (18.15) (15.34) (5.90) 15.98  22.07 2207  22.07  22.07
1| @27 @46) (478) (5.22) (5.79) (6.49) (7.32) (8.27) (9.35) (10.56) (13.35) (16.65) (20.46) (15.34) (5.90) 1598 2207 2207 2207 2207

* A vega neutral trade can loose money even if realized correlation is
below implied correlation, in case realized vols are very low

Simulated performance results do not reflect actual trading and have inherent limitations. Please see additional disclosures.



Premium-Neutral trade

Payoff Matrix (in $M, for a $1M index vega dispersion trade on DJIA,43% implied correlation)

VOL RATIO
Correlation 01 02 03 04 05 06 07 08 0.9 1 1.2 1.4 16 18 2 2.4 2.8 3.2 3.6 4
o] 007 030 067 120 187 270 367 480 607 750 1080 1470 19.20 2430 30.00 4320 4572 4398 4201  39.80
005] 007 o026 059 106 165 237 323 422 534 660 950 1293 16.89 2137 2639 3800 3864 3474 3031 2536
01] 006 023 051 091 142 205 279 364 461 569 820 1116 1458 1845 22,78 3280 3157 2549 1861 1091
01s] 005 019 043 077 120 172 235 307 388 479 690 939 1227 1552 1917 27.60 2449  16.25 6.91  (0.00)
02 o004 016 035 062 097 140 191 249 315 389 560 7.62 996 1260 1555 2240  17.41 7.00  (0.00) (0.00)
025] 003 012 027 048 075 1.07 146 191 242 299 430 58 764 967 1194 1720 1033  (0.00)  (0.00)  (0.00)
03] 002 008 019 033 052 075 102 133 169 208 300 408 533 675 8.33 12.00 325  (0.00) (0.00)  (0.00)
035] 001 005 011 019 030 042 058 076 096 118 170 231 302 382 472 680  (0.00) (0.00) (0.00) (0.00)
04 000 001 002 004 007 010 014 018 022] o028] 040 054 071 090 111 160  (0.00) (0.00)  (0.00)  (0.00)
0.45] (0.01) (0.03) (0.06) (0.10) (0.16) (0.23) (0.31) (0.40) (0.51)] (0.63)] (0.90) (1.23) (1.60) (2.03) (250) (3.60) (0.00)  (0.00)  (0.00)  (0.00)
05| (0.02) (0.06) (0.14) (0.24) (0.38) (0.55) (0.75) (0.98) (1.24) (1.53) (2.20) (2.99) (3.91) (495 (6.11) (4.03) (0.00) (0.00)  (0.00)  (0.00)
055] (002 (010) (022) (0.39) (0.61) (0.88) (1.19) (1.56) (1.97) (2.43) (3.50) (4.76) (6.22) (7.88) (9.72) (4.03) (0.00)  (0.00)  (0.00)  (0.00)
0.6] (0.03) (0.13) (0.30) (0.53) (0.83) (1.20) (1.63) (2.13) (2.70) (3.33) (4.80) (6.53) (8.53) (10.80) (13.33) (4.03) (0.00) (0.00)  (0.00)  (0.00)
0.65] (0.04) (0.17) (0.38) (0.68) (1.06) (1.53) (2.08) (2.71) (3.43) (4.24) (6.10) (8.30) (10.84) (13.73) (16.95) (4.03) (0.00) (0.00)  (0.00)  (0.00)
07| (0.05) (0.21) (0.46) (0.82) (1.28) (1.85) (2.52) (3.29) (4.16) (5.14) (7.40) (10.07) (13.16) (16.65) (18.51) (4.03) (0.00)  (0.00)  (0.00)  (0.00)
0.75] (0.06) (0.24) (054) (0.97) (151) (2.18) (2.96) (3.87) (4.89) (6.04) (8.70) (11.84) (15.47) (19.58) (18.51) (4.03) (0.00)  (0.00)  (0.00)  (0.00)
08| (0.07) (0.28) (0.63) (1.11) (1.74) (2.50) (3.40) (4.44) (5.63) (6.94) (10.00) (13.61) (17.78) (22.50) (18.51) (4.03)  (0.00)  (0.00)  (0.00)  (0.00)
0.85] (0.08) (031) (071) (1.26) (1.96) (2.83) (3.85) (5.02) (6.36) (7.85) (11.30) (15.38) (20.09) (24.76) (18.51) (4.03) (0.00)  (0.00)  (0.00)  (0.00)
09] 09 (035 (0.79) (1.40) (2.19) (3.15) (4.29) (5.60) (7.09) (8.75) (12.60) (17.15) (22.40) (24.76) (18.51) (4.03)  (0.00)  (0.00)  (0.00)  (0.00)
095] (0.10) (0.39) (0.87) (1.54) (2.41) (348) (4.73) (6.18) (7.82) (9.65) (13.90) (18.92) (24.71) (24.76) (1851) (4.03)  (0.00)  (0.00)  (0.00)  (0.00)
1] (011) (042) (0.95) (1.69) (2.64) (3.80) (5.17) (6.76) (8.55) (10.56) (15.20) (20.69) (27.02) (24.76) (18.51) (4.03) (0.00)  (0.00)  (0.00)  (0.00)

* The sign of the P&L only depends on whether realized correlation is above or
below implied correlation. The magnitude of the P&L increase with realized vol
levels. The trade is essentially a covariance play

Simulated performance results do not reflect actual trading and have inherent limitations. Please see additional disclosures.



Mark-to-Market

. For longer-dated trades P&L will come more from mainly from
remarking of implied correlation than from differences between
Implied and actual correlation.

. For a var swap, the P&L between t1 and t2 is

PNL =Var , —Var ,_ ,where Var, =%th +¥ FVV,
Therefore
PNL = 2= RV — FWV, )+ Tt (Fvv, —Fw, )

. Similarly, for a correlation trade, we have

t,—t, T —t,

PNL = (RCttf - |Ct1)+ (ICt2 - ICtl)

Where IC is implied correlation and RC is realized correlation



Puzzle(1): Long-Dated Implied
Correlation ... Too Low?

Mark-to market risk for long-dated volatility structures, including
correlation trades, is possibly not compensated ... enough

Market segmentation: there is no demand for short-dated correlation
(structurers use long-dated)



Puzzle(2): Long-dated Index-
Volatility Skews Too High

Index-volatility skews do not flatten with longer maturities

True for all markets (world-wide Crash-o0-Phopia, see Foresi-Wu,
JOD 2005): put options are more expensive than the corresponding
call options =» index returns have a risk-neutral return distribution
that, unlike empirical distribution, is asymmetric

This is likely to be consistent with systematic risk, in the form of
“bad” correlation, or market (world-wide market) crash risk, an
eminently un-diversifiable equity-market risk

Is the size of the premium reasonable, when one considers that the
“market” is much more than just the equity-market?



Correlation Trading: Motivation

Why trade correlation? Is it a bet on correlation being mean-
reverting or a premium for “beta”, possibly exotic beta?

A reasonable model of correlation has correlation time varying
(Driessen et al, 2005)

do, =x(p, —p)dt+a \/(1_10t)/0t dw,

The equivalent risk-neutral expression embeds a correlation
premium. The data suggests that this premium is large — which is
reasonable if market crash-risk is not diversifiable

do, = K*(p*oo — pp)dt +a \/(1_pt)/0t dw,




Correlation Modeling

There Is a relation between market-wide realized vols and
realized pairwise correlation

dS, /S, =o,du,
do, =9g(p,,0)dt+ T (p,, 0, )dw,
do, = h(p,. 0y)dt+s(p,, o, )dw,

This model is short-hand for a more complete model of crash risk
which arguably should contain common asymmetric jump-risk, a
more sensible way to produce increases both in correlations as
well as in measured volatility



Correlation Modeling 2

There is a more difficult relation linking vols/correlation to flows
and positions and the nature of the market participants

Feedback effect: it is a general principle in derivatives trading: If
party A sells and delta-hedge an option to party B who does not
hedge, actual return volatility will be dampened

This is true also for correlation riss: the existence of correlation
books, on the back of structures placed with retail investors who
do not hedge, imparted downward pressures on realized
correlations

A model without flow information is incomplete



Rationale for the Trade: A
Demand & Supply Perspective

Why has index vol traded at a premium?

— Index vol is (relatively) rich:
» Portfolio insurance (makes puts expensive)
e  Structurers

— Individual vol is (relatively) cheap/fair
* Reverse convertibles
» call-overwriting (indexers)



Opportunities

Equity correlation vs. credit correlation
Equity bespoke correlation

Hybrid-basket bespoke correlation: baskets of commodities and
equities, or commodities and FX, etc.

Asset-class correlation
Pension plans exposure to fixed income and equity
Counterparty risk (bank’s counterparty credit risk, by positions)



General Notes

This material is provided for educational purposes only and should not be construed as investment advice or an offer or solicitation to
buy or sell securities.

These examples are for illustrative purposes only and are not actual results. If any assumptions used do not prove to be true, results
may vary substantially.

Opinions expressed are current opinions as of the date appearing in this material only. No part of this material may, without GSAM’s
prior written consent, be (i) copied, photocopied or duplicated in any form, by any means, or (ii) distributed to any person that is not an
employee, officer, director, or authorized agent of the recipient.

Simulated performance is hypothetical and may not take into account material economic and market factors that would impact the
adviser’s decision-making. Simulated results are achieved by retroactively applying a model with the benefit of hindsight. The results
reflect the reinvestment of dividends and other earnings, but do not reflect fees, transaction costs, and other expenses, which would
reduce returns. Actual results will vary.

Expected return models apply statistical methods and a series of fixed assumptions to derive estimates of hypothetical average asset
class performance. Reasonable people may disagree about the appropriate statistical model and assumptions. These models have
limitations, as the assumptions may not be consensus views, or the model may not be updated to reflect current economic or market
conditions. These models should not be relied upon to make predictions of actual future account performance. GSAM has no
obligation to provide updates or changes to such data.

Copyright © 2006, Goldman, Sachs & Co. All rights reserved. Rev #06-2017
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