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Stock and BondInsurance Costs Implicit in Option Prices

Douglas T. Breeden
William W. Priest Professor of Finance, Fuqua School of Busiiegss University

In the first half of 2018 global GDP growth was strongand unemploymenlower in America,
Europe, and AsiaPacific. Inflation is steady or increasing in all three regionsypported by
rising oil prices. The USA 10yearinterestyield crossed 3%, highest in 7 yeaasid the
unemployment rate dropped to 3.9%tock priceshaveseesawed, buffeted by higher interest
rates and fears of a USA&hina trade war, but held up by surging corporate profifsiter a
sharp rise in volatility in February, volatility (VIX) has dropped back from 37% to 13%.
Interest rate @tion pricesshow investors expect normalization to begin in Europe, following
the USA. Stock options show that the surge in risk aversion in February has subsided.

l. Global Growth, Unemployment, Inflation and Interest Rates

In thefirst half of 2018, global growth has comued to be strongyith uemployment rates
dropping in many countries to their lowest levels since the Great Recession, as Table 1 shows.
Unemployment is at 3.9% in the USA, for the first time in 18 years. Canada and Mexico are also
very low, thought Brazils still suffering. Unemployment in Europe is dropping significantly in
all major countries, and Japan is down to 2.5%. Life is gabéast, much betteir) many
countriesin the 3 major megaconomiest present!

Table 1
Global Unemployment Rates
Douglas T.Breeden, Duke University 5/25/2018 8:12
USA  Canada Brazil Mexico | France Germany lItaly  Spain UK Russia  Turkey | Japan Australia SKorea China India Indonesia

2006-Q4 | 44 61 00 38 83 101 65 83 55 68 88 40 45 34 41 00 00
2007-Q4 | 48 59 00 37 74 85 64 86 52 59 94 38 43 32 40 00 00
2008-Q4 | 69 66 00 45 77 76 69 138 64 72 114 41 44 33 41 00 00
2009-Q4 | 99 85 00 55 95 81 82 188 78 81 123 52 56 36 43 00 00
2010-Q4 | 95 77 00 55 92 74 83 202 79 69 104 50 51 35 41 00 00
2011Q4 | 86 74 00 50f 93 68 91 226 84 63 85 45 52 32 41 00 00
2012-Q4 | 78 73 73 51) 101 68 114 259 738 51 86/ 42 54 31 41 00 00
2013-Q4 | 69 71 69 47 101 68 123 258 72 55 91 39 58 31 40 00 00
2014-04 | 57 67 69 45 105 66 127 237 58 52 104 35 62 36 41 00 00
2015-Q4 | 50 71 95 43102 63 116 209 51 57 103] 33 58 35 41 00 00
2016-Q4 | 47 69 126 36| 100 60 118 187 438 54 118/ 31 57 36 40 00 00
2017-04 | 41 6.0 120 34 91 58 111 166 42 49 101} 27 55 37 40 00 00
2018-Mar/Apn 39 58 127 32/ 88 56 110 161 4.1 49 99 25 55 40 40 00 00

11 thank Song Xiao and Shijie Luaf Duke for excellat research assistance.
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Real GDP growth and il#tion rates are shown in the Appendix graphs # A-3. Asia
Pacific continues to lead global growth, given the strength of India and China and most other
economies in AsialUK economic growth has fallen behind that of the Eurozone and the USA,
givenBrexit-related uncertainty and movement of some jobs to the Eurpttanagh
unempbyment in the Ukremains very low a4.1% and stocks are surging there.

Figure 1 shows tha@PI inflation has been increasing in the pasearyg and is near the 2%
goals ofthe USA and Europe. Figure 2 shows that oil prices hamgénued tancrease
significantly, whichcreatesnflationary pressuresBreakeven USA inflation rates extracted
from thebondmarketpricesare shown in Figur8 and the 16year breakeveis at 215% With
such strong global growth, such low unemployment, and inflation that seems likely to build to
2%+, | continue to believe that central banks in all major economies should bkystead
withdrawing stimulus andormaliang rates The USAhas beemloing thatfor the last couple of

years and has had no ill effects, given the strong economy, strong consumers, strong jobs, strong

household net worth and highly profitable firms. | think the UK, the Eurozone and Japan should
all quickly follow the USAwith normalization.

Figurel

CPI Inflation: USA, OECD Europe and Japan
YoY %. IHS Data Quarterly 1995-2018 Q1.
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Figure 2

Crude Oil Futures Prices
Near contract, daily Dec 2014-May 23 2018
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The steadily building shoterm rate in the USA ara minorliftoff in the UK are shown in
Figured4A. Germany and Japan still have negative short rates, which seem highly inapgropria
given the strength of their economies, absence of deflation and thekl®wparemployment
rates. Longerm rates (FigurdB) in the USA increasetd 3.1% (highest since 2011), prior to
backing off to near 3.0%Notably, Figure 5 shows thahereal 10-year interest rateasmoved
up close to 1.0%, but remains beltve longer term (pr2008) norm of about 2.0%.

Figure4A
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Long-Term Govt Bond Yields (%):
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Figure5

10-Year Real Interest Rate from TIPS
Daily January 2003- May 22, 2018, Percent
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Il. Volatility, Global Stock Prices, Corporate Bond Yields

Stock priceggrew steadily in 2017see Figuré),and peaked on January 26, 2018, in the
USA. Thelast surgavasfueled byP r e s i d e nreduclian of thp éoporate tax rate from
35% to 21% and surging corporate profikdowever, on February'® the US reported that wage
inflation had jumped t@.9% yearoveryear, which triggered fears of inflation overshooting and
accelerated interest rate increases. Stocks
bouncing back in late February and March. And then in late March and early Agsiklént
Trump announced significant tariffs on goods from China and other countries, and China
retalatiated by announcing tariffs on soybeans and other US exports. Stocks fell sharply again,
before the US softened its position, given some concessionBibg © open its markets more
and to reduce its trade surplus by buying more US goods. As stocks bounced back and the US
announced a pause in imposing its announced tariffs, stocks continued to firm. As Table 2
shows, the net effect is that USA stockséneecovered to where they are now2.2% on the
year, as of May 23 Thus, stocks have held up well, given all of the back and forth.

Volatility surged in February after the wage inflation announcement, going from a VIX of
11% to 37% in one day, asahn in Figure 7. However, after that, markets calmed and
volatility dropped back as stock prices rose. And then with the trade war rhetoric in late
March/early April, volatility surged again, while stock prices fell. As conciliatory moves were
made by @ina and the US and announced tariffs were not implemented, volatility once again
calmed, dropping to 13.4% at present. While this level of the VIX, (a forecast by option markets
of the annualized percentage volatility of the S&P500) is above that in @@&LZurrent level of
13.4% is in line with history for the past two decades and is even back below the very long term
average. Thus, options investors continue to show confidence that stock prices will not be as
volatile as the 5§ear norm, which is nre nearly 15% volatility.

f
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Figure 6

S&P 500 Stock Price Index

November 1, 2016 - May 23, 2018 Daily
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Figure 8 shows tham early 2018he credit risk premium on Baated corporate bondever
10-year US Treasury notes), hiadlen tonear thdowestlevel of the past 30 yearas firms are
very healthy ad profitable, on average, volatilityas verylow and stock prices are high. The
credit optionwas well out of the money for more firms than normal that are rated Baaever,
after the February surge in volatility and fall in stock prices, crediagdgreridened. Also,

issuance of risky debt by firms has increased, which likely also increased yield spreads.

Nonetheless, credit risk spreads on Baa and junk bonds remain historically very low.
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Figure 8

Baa Rated Corporate Bonds: Yield Spread to 10 Yr Treasury
Moody's Daily Data January 1986-NMay 22, 20183
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Next, |l etds | ook at Isioearsingsdgrowth &nd foracasted P/E f un d a n
ratios, as given in Table 2:
Table 2
~lohal Sock | ion: 17 Trillion [ ~DP F -
5/25/2018 8:02 YTD Bloomberg Data with Prices as of close May 23, 2018
Stock Stock 5-Year [%Price Ch(%Price Chg StkPrice [Forward 12 Month Earnings Forecas{ %Chg | Fwd 12m  Fwd 12m Fwd 12m
Price Price HiPrice |12/31/2017 12/31/2016 Off High [EPS Fwd 12 EPS Fwd 12 EPS Fwd 12|EPS Fcst PIE PIE PIE

Am efas 5/23/2018 12/31/2017 5/23/2018  5/23/2018 5/23/2018 12/31/2017 12/30/2016] YTD 5/23/2018 12/31/2017 #iHHitH
UnidSaks 2,733 2,674 2,873 22% 22.1% -4.9% 163.3 143.3 127.3 149 16.7 18.7 17.6
Canada 16,134 16,209 16,413 -0.5% 5.5% -1.7%| 1053.7 977.6 875.8 89 15.3 16.6 175
Brazl 80,867 76,402 85,531 58% 34.3% 5.5%| 66910 5678.7  4966.5 189 12.1 135 12.1
M exto 45777 49,354 51,080 -7.2% 0.3% -10.4%| 2950.1 28148  2685.7 59 15.5 17.5 17.0
Eumpe
France 5,566 5,313 5,566 4.8% 14.5% 0.0% 381.1 348.6 3225 99 14.6 15.2 15.1
Gem any 12,977 12,918 13,340 0.5% 13.0% 2.7% 980.0 965.6 839.5 19 13.2 134 13.7
by 22912 21,853 24,157 48% 19.1% -5.2%| 18894 15904 950.0 199 12.1 13.7 20.2
Span 10,025 10,044 11,885 -0.2% 72% -15.6% 770.7 754.7 615.7 29 13.0 13.3 15.2
UnkedKhgdom 7,788 7,688 7,788 1.3% 9.0% 0.0% 562.0 508.5 476.5 119 139 15.1 15.0
Russa 1,175 1,154 1,287 1.8% 1.9% -8.7% 188.5 205.8 151.1 -89 6.2 5.6 7.6
Tukey 101,892 115,333 120,702 -11.7% 30.4% -15.6%| 14176.0 130565 8852.7 99 7.2 8.8 8.8
AsiPack
Japan 22,690 22,765 23632 -0.3% 18.7% -4.0%| 13740 1263.6  1041.2 99 16.5 18.0 18.4
Ausrah 6,033 6,065 6,077 -0.5% 6.5% 0.7% 390.1 367.7 344.3 69 155 16.5 16.5
SouhKora 2472 2,467 2,575 0.2% 22.0% -4.0% 263.2 259.5 195.0 19 9.4 9.5 104
Chha 3,169 3,307 5178 -4.2% 2.1% -38.8% 265.1 251.3 231.3 59 12.0 13.2 13.4
hda 34,345 34,057 36,050 0.8% 29.0% A4.7%| 17574 16294  1607.8 89 195 20.9 16.6
hdonesh 5,792 6,356 6,661 -8.9% 9.4% -13.0% 393.0 348.6 3317 139 14.7 18.2 16.0
Averages -0.7% 14.4% -8.0% 89 134 14.6 14.8
10- Year TreasYld| 306 240
VIX 134 110
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Table 2 shows that the higher stock prices have beerswgtiorted by higher forecasted
earnings for the next 12 month3ust since December 2013areings forecasts for threext 12
months have grown byouble digitan Italy (19%), Brazil (18%), USA (14%), in Indonesia
(13%), and the UK (11%), as well as 9%d~ranceand Japan, and 8% in Canada, Russia and
India.So, despite e | at i v stdckprids Horwgrd B/E ratiobaveactuallydropped in
almost all of our 17 TDE countries since the end of last y&arong advanced economies,
forward P/E ratios and real earnings yields in Europe and Asia continue to make stocks look
cheaper there than in the USA. Very low P/Eosatn Russia, Turkey and other emerging
markets likely reflect political risks and concerns about accounting quality and liquidity and are
notcompletebarometers of true investment valueor the year to date in 2018, stock prices
globally are on averagdmost flat, with an average loss of just 0.7%, led by losses of 12% in
Turkey, 9% in Indonesia and 7% in Mexico. Brazil, France and Italy lead the gains with 6%, 5%
and 5%, respectively. The YTD gains in Italy are notable, given the recent politikalgh
where rightwing and antiestablishment leaders won and are forming the new government.

. USA: Interest Rate Insurance Prices for USA LIBOR 3, 5, and 10 Years Out

Letds turn to our wuswual graphictasmal ysi s
implicit in the prices of caps and floors, using the technique of Breeden and Litzenberger (1978,
2014). Usingprices from Bloomberg RancialMarkets andheir volatility cube calculations,
we seén Figures9A-9C the prices forUSA interest raterisurance for 3nonth LIBOR rates in
3,5 ard 810 years Figure9A shows the dramatic change in the insurance price distribution
that has occurred over both the la8tand 6 monthsas the US and global economies gained
strength and the Fed raised radgain inMarch and is expected to raise again in Jufiee pre
election distribution was very stacked at Rearo rates and had positive skewness, but no
symmetry. In great contrast, the distribution at present is much more symthetrimode is
3%, the price of 3% bets halwubledand the price of 4% bets has quadruplédiis is what |
hopedwould happen, as the distribution moves much as ibdakin 2013 when Chairman
Bernanke first promised tapering.

Figure9B shows that the-§ear distributio has alsonovedto a more symmetrishape
with a mode of 3% to 4%, all higher than previousNote that the price for the recessionary,
low-rate scenario for 5 years dwds dropped sharpig the past 6 months-dowever, Figure 9C
shows that thenarkes appear to be showing some concern and risk aversion for a possible fall
back into recession over tBel0 year horizon. Twanorepoints are notable for the lotigrm,
8-10 year insurance price distribution. First, it has a longer tail, showing somsktéor rates
of 6% on up to 9% LIBOR. Secondly, it is bimodalthat the prices for low rates-(05%) and

for the 3% rate range are both higher than for the 2% rate range. This indicates that the market is

pricing in two alternative regimes, ondthva fall back into recession and one where we have
normalization and higher rates.

(0]
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Figure 9A
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May 16 2018: USA 10-year crosses 3%.
3-yr dist'n shifts to symmetric, normalization. Higher prices for 4%, 5% in 3 Yrs.
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Figure9B
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5-yr dist’'n shifts to symmetric, normalization. Higher prices for 4%, 5%, 6% in 5 Yrs.

o

N

* AN\

A

=
%]
*
w
IS

2.0%

Dec 30 2016 Trump Elected M Dec 31 2017 Tax Cut
% Feb 21 2018 (Wages accelerate) B May 16 2018. 10 Yr crosses 3%




PagelOof 19

Figure9C

USA Insurance Prices for 3-Month LIBOR in 8-10 Years
Dec 30 16 (2.44%), Dec 31 17 (2.46%), Feb 21 (2.95%), May 16 2018 (3.10%)
May 16 2018: USA 10-year over 3%. Shifting to symmetric, normalization.
Bimodal LT dist'n: Still risk aversion and fear bets.
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V. Euro Area: Interest Rate Insurance Prices for Euribor3, 5.nd 8-10 Years Out

FigureslOA-10C gi ve t he opt i onswancepaydiedn Ewibopim3, 5% i ng o
ard 810 years, respectivelyDr a g ECB&aentinueso conducstimulus but the quantityvas
halved startingn January 2018, given the strong Euro Area economy and the absence of
deflationary concernsSee Figue 1 for the firming up on inflation in the Euro Area in the past 2
years. As has been true for more than a year, for Eulopearsout, almost all of the betting is
on Euriborlessthan1.5% gi ven t he ECB6és commit.ment to ver

For 5 years out e value bets on Euribbelow1.5% in 5 years hawdecreaseadoticeably
since the start of the yedmt remain very highSurely this eflecs somefear andrisk aversion
to changes in Italy and to Brexit negotiations and gpleétical changesas well abjective
probabilifes of neaizeroratesl ue t o t he ECBOGs sl owness in with
increasing rates

TheEur o langerman@40 yeardistributionshows a surprising surge in the price of the
fear scenario. Indeei,is so large that | suspect it is a data error from the Bloomberg data.
Previously,itwasibi modal 6 i n the semwaéetdnhthavterybbwratet 50 %
fear scenario and abob®%was bet on rates of 2% or more that reflect normalizatidie. shall
see in future analysis if this jump in the price of the fear scenario foitdsngEuribor is an
aberration, as | suspect.
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Figure 10A

Euro Insurance Prices for 3-Month Euribor in 3 Years
Nov 11 16 (10 Yr Bund=0.31%), Dec 31 17 (0.46%), Feb 21 (0.72%), May 16 2018 (0.60%)
May 16 2018: 3-yr dist'n still anchored to very low rates.
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Figure10B

Euro Insurance Prices for 3-Month Euribor in 5 Years
Nov 11 16 (10 Yr Bund=0.31%), Dec 31 17 (0.46%), Feb 21 (0.72%), May 16 2018 (0.60%)

May 16 2018: In 2018, markets are pricing in some liftoff to 2% for Euribor 5 yrs.
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Figure10C

Euro Insurance Prices for 3-Month Euribor in 8-10 Years
Nov 11 16 (10 Yr Bund=0.31%), Dec 31 17 (0.46%), Feb 21 (0.72%), May 16 2018 (0.60%)
May 16 2018: High Euro area fears over 8-10 years.
Uncertainties with Italy, Brexit, global trade?
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V. U.K: Interest Rate Insurance Prices for Interbank Rates in 3, 5, and-80 Years

AppendixFigureA-3 shows that, while CPI inflation has been over 3% due to the weaker
pound, growth in Britain has begun to lag that in the Euro Area by quite a bit. Significant
progress has been made in Brexit discussions, led by Prime Mifietersa May. However,
there remains Bt of uncertainty about the eventuonomic terms. e economyn Britain
has weakened some, ratnains generally strong. Unemploymenvery low(Table 1)and
stocks areatall-time highs(Table 2) LastNovemberthe Bank of England finally lifted off in
short rates, as shown in Figut&. However, long rates continue to remain very low, lagging
increases in the USA (FigB), as the 1§/ear gilt is at 1.5% vs. the &@ar Treasury at 3.1%

Figures 1A-11C give the insurance price distributions for the UK interbank interest rate 3, 5
and 810 years outl am very pleased to see that the opiimplied interest rate insurance price
distributions for the UK interbank rate are showing substantial pricingnorofialization in
rates in the next 3 years, as | expected they would. Despite Brexit, the UK economy is
fundamentally strong, with very low unemployment and high wealth, and the government is very
pro-business and is building more global trade linksnatiempt to dampen the likely reduced
trade growth with Europe. Note that in 2018 the price of the 2% rate bets in 3 years have
increased by 75%, going from 0.20 to 0.35, while the fear scenario low rates have dropped from
0.72 to 0.53. Markets are shiog less fear. Brexit negotiations appear to have slowed down the
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implementation of major changes, which gives the UK and the Eurozone more time to adapt to
the changes.

In 2018 so far, the-year distribution has also moved quite significantly towardhdn
prices for 2% and 3% rate scenarios, with a substantial drop in price for the fear scenario.
However, do note that, while thel® year prices have also moved towgrdsing in
normalizationthelong-term distribution showguite a bit ofconcernor risk aversion Pricing
of the low rate scenario is still pretty high, relative to the long tail for higher rates.

Figure 1A
UK Insurance Prices for 3-Month Rate in 3 Years
Jun 23 2016 (1.37% 10 Yr), Aug 12 16 (0.52%), Dec 31 17 (1.19%), May 16 2018 (1.50%)
May 16 2018: UK rates shift significantly towards normalization (225) in 3 yrs.
Fear prices for <1.5% reduced for 3 yrs out
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Figure 11B
UK Insurance Prices for 3-Month Rate in 5 Years
Jun 23 2016 (1.37% 10 Yr), Aug 12 16 (0.52%), Dec 31 17 (1.19%), May 16 2018 (1.50%)
May 16 2018: UK prices bet more on normalization (2%-3%) in 5 yrs.
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Figure 1C

UK Insurance Prices for 3-Month Rate in 8-10 Years
Jun 23 2016 (1.37% 10 Yr), Aug 12 16 (0.52%), Dec 31 17 (1.19%), May 16 2018 (1.50%)
May 16 2018: LT prices bet more on normalization.
High price for fear, plus a long right tail. Alternative scenarios.
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VI. Prices for Insurance Against Falls in the Stock Marketand Prices for Bets on the
Upside for Stoks

Let us examine insurance prices that are implicit in the market prices of options on the
S&P 500 stock price index, using the technique of Breeden and Litzenberger (1978, 2014). We
use the Bloomberg Financi al Mankgnesdaba f s
and the BlackScholes formula, we compute prices for options with a range of strike prices from
80% to 120% (in 5% increments) of the current S&P 500 index level, for maturities of 1, 3, 6,
12, 18 and 24 months. Table 3B gives talculated prices (normalized to sum to $1.00) for
bets that pay off $1.00 in the ranges given in Table 3A for the S&P 500 in 1 year, as a percentage
change from its current value.
Table 3A
Left tail spread receives $1.00 if the S&P 500 is12.5% @ more  from current level
90 Butterfly receives $1.00 if the S&P 500 movet2.5% to-7.5% from current level
95 Bultterfly receives $1.00 if the S&P 500 moves7.5% to-2.5% from current level
100 Butterfly receives $1.00 if th&&8 500 moves: -2.5% to +2.5% from current level
105 Butterfly receives $1.00 if the S&P 500 moves: +2.5% to +7.5% from current level
110 Butterfly receives $1.00 if the S&P 500 moves: +7.5% to +12.5% from current level
Right tail spread receives $1.00 if the S&P 500 is +12.5% or more from current level

A number of points are very interesting in
option prices, as shown in Table 3B. First, note that in thelyptibies of 20052006, right
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before the Great Recession that started in late 2007, investors paid considerably more for the
right tail (upside for stock bets) than they paid for the left tail (downside for stocks bets). On
January 3, 2005, the prices w&®26 for the upside of an S&P500 gain of 12.5% or more in 1
year, and only $0.14 for the downside of a loss of 12.5% or more in 1 year, a spread of $0.12, or
12.0% of $1.00 one would get for sure if one bought all of these spreads.

This changed quite dmatically as the Great Recession unfolded, and the markets fell off
a cliff. From Table 3B, on November 30, 2008, at a time of financial terror, investors paid
56.3% for the downside protection and only 21.7% for the upside, a difference of 34.6%. This
spread between the price of the downside protection versus the price of the upside gainer
presumably measures risk and risk aversion.
Aversiono evidenced in the opti dlimndoelumk et s .
Table 3B, we can see the reduction in risk aversion as the economy recovered from the Great
Recession. By the end of 2009, the left tail vs. right tail price spread was down from the 34.6%
peak to 20.5%, and at the end of 2013 was dovemip10.2%.

In 2018 as global economies around the wavketestrongand unemploymenow, it
has been a rollezoaster for stock prices and volatility, as described in earlier sections, given the
inflation fears in February and the trade war talkirch and April. The distributions that we
extract from option prices for S&P 500 options show these ups and downs quite dramatically.
On February 8, after the worries about wage inflation tanked markets and caused volatility to
surge from 11% to 37%nathe VIX, prices of the leftail put hedges went from 14.1% on
December 31, 2017 to 32.8% on February 5, 2018. In the subsequent calm, this dropped back to
22.8% on February 8 However, with the UShina trade war actions, it surged again to
285%. Our fAri sk aversiono measure of left tail
from 2.6% up to 17.5%, back to 9.8%, then up to 13.7%, before calming to 5.6% at present. It
has been a rollezoaster of price moves and risk aversion in the fivst fnonths of 2018!

Risk aversion changes over time that are estimated with this Bre@denberger
technique are graphed in Figure 6 for 3, 6, 12 and 24 month options. | find it interesting that risk
aversion seems much larger in the longer term optieading me to conjecture that they are
used more by hedgers. Shorter term options may be more likely to be used bytsimarter
speculators and do not show much evidence of risk aversion, as we define it.

Note that in 2018, risk aversion implicit pmices of tails for 12 and 2donth options
increased dramatically in February, and a bit less so in late March/early April. After each of
those episodes, the spread of tail prices subsequently fell back, reflecting lower concerns by
investors for downid risk visavis upside opportunity. However, given this awakening to the
realities of stock market and global economic risk, our risk aversion estimate does remain well
above its extraordinarily low levels in late 2017, which were such a concern tedesaF
Reserve and to central banks around the world.
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Table B
S&P 500 Insurance Prices (Risk-neutral density) 2005-2013 12 Months

Monthend Data from December 2004. Uses Breeden-Litzenberger (2014) technique

5/24/18 12:23 PM

$90%0-$85 Puts ATM $110-$115 Calls
ATM S&P 500 Left Tail 90 95 100 105 110 Right Tai Left Tail

Date L Y LJ SRndé| Spread Butterfly Butterfly| Butterfly | Butterfly  Butterfly Spread | -Right Tail
1/3/2005 14.8 1202.1 14.0% 11.8% 13.79 13.89 12.3% 8.4% 26.09 -12.09
12/30/2005 14.3 1248.3 11.3% 15.4% 17.79 15.59 12.0% 7.8% 20.39 -9.09
6/30/2006 14.5 1270.2 11.5% 16.1% 18.19 14.59 11.8% 7.2% 20.89 -9.39
12/29/2006¢ 14.0 1418.3 10.1% 15.9% 18.69 15.69 12.2% 7.7% 19.99 -9.99
6/29/2007 15.8 1503.4 14.9% 15.8% 16.69 13.29 11.0% 6.9% 21.79 -6.89
12/31/2007] 22.2 1468.4 32.7% 13.1% 11.99 8.59 7.7% 5.0% 21.19 11.69
3/31/2008] 23.8 1322.7 39.0% 11.9% 10.69 7.49 6.9% 4.2% 20.19 18.99
6/30/2008] 22.3 1280.0 34.6% 13.1% 11.69 8.5% 7.4% 4.8% 20.09 14.69
9/30/2008 27.0 1166.4 42.7% 10.1% 9.1% 6.4 6.3% 4.0% 21.59 21.29
10/31/2008 39.4 968.8 55.0% 6.5% 6.1% 3.8% 4.5% 2.5% 21.59 33.59
11/28/2008 41.6 896.2 56.3% 6.0% 5.7% 3.79 4.2% 2.5% 21.79 34.69
12/31/2008 36.3 903.3 53.9% 7.0% 6.59 4.39 4.7% 2.9% 20.79 33.29
1/30/2009 37.1 825.9 54.2% 7.2% 6.4 4.3% 4.6% 2.8% 20.59 33.79
2/27/2009 36.9 735.1 53.6% 7.1% 6.4 4.5% 4.6% 3.0% 20.89 32.89
3/31/2009 36.9 797.9 53.1% 6.9% 6.3% 4.6% 4.6% 3.0% 21.59 31.69
6/30/2009 26.8 919.3 44.8% 10.7% 9.29 6.69 6.0% 3.9% 18.99 25.99
12/31/2009 22.8 1115.1 38.6% 13.0% 11.19 8.19 6.8% 4.3% 18.19 20.59
6/30/2010] 28.9 1030.7 48.0% 10.7% 9.0% 5.9% 5.6% 3.2% 17.79 30.39
12/31/2010 21.4 1257.6 36.9% 14.6% 12.29 8.49% 7.1% 4.2% 16.79 20.29
6/30/2011] 19.4 1320.6 32.5% 16.8% 13.79 9.9% 7.4% 4.3% 15.49 17.09
7/29/2011] 20.7 1292.3 35.7% 15.4% 12.79 8.79 7.2% 4.1% 16.39 19.59
8/31/2011] 25.3 1218.9 43.4% 12.6% 10.29 7.29% 6.1% 3.6% 16.79 26.79
9/30/2011 30.8 1131.4 50.4% 9.4% 8.1% 5.3% 5.3% 3.0% 18.49 32.09
12/30/2011 24.1 1257.6 42.4% 13.2% 10.89 7.1% 6.3% 3.6% 16.79 25.89
6/29/2012] 21.0 1362.2 36.8% 16.1% 12.89 8.69 6.9% 3.7% 15.19 21.79
12/31/2012 18.7 1426.2 31.9% 17.1% 14.09 10.09 7.6% 4.2% 15.29 16.79
6/28/2013 17.7 1606.3 30.4% 17.7% 14.89 10.39 7.8% 4.6% 14.59 15.99
12/31/2013 15.2 1848.4 23.3% 19.8% 17.39 12.89 8.7% 5.0% 13.19 10.29
6/30/2014] 14.3 1960.2 20.2% 21.7% 19.29 13.19 8.9% 4.7% 12.29 7.9%
12/31/2014 17.3 2058.9 27.0% 21.0% 16.79 9.8% 7.8% 3.9% 13.89 13.29
6/30/2015 16.6 2063.1 25.9% 21.8% 17.49 9.7% 7.9% 3.8% 13.59 12.59
7/31/2015 15.3 2103.8 22.5% 22.9% 18.99 10.99 8.3% 3.8% 12.89 9.7%
8/31/2015 19.8 1972.2 34.0% 18.1% 14.29 7.99 7.2% 3.3% 15.39 18.79
9/30/2015 20.2 1920.0 36.4% 16.0% 13.19 7.79 7.2% 4.0% 15.79 20.89
12/31/2015 17.5 2043.9 27.5% 21.1% 16.79 8.9% 7.9% 3.6% 14.39 13.29
6/30/2016 17.0 2098.9 26.1% 22.3% 17.59 9.1% 7.9% 3.5% 13.69 12.59
10/31/2014 16.8 2126.2 25.2% 22.6% 17.89 9.1% 8.0% 3.5% 13.99 11.39
11/30/2014§ 16.3 2198.8 23.4% 22.5% 18.29 10.39 8.1% 3.7% 13.79 9.7%
12/30/201§ 16.4 2238.8 23.5% 22.4% 18.19 10.69 8.1% 3.6% 13.69 9.9%
1/31/2017] 14.9 2278.9 19.9% 23.4% 19.89 12.19 8.5% 3.8% 12.69 7.3%
2/28/2017 14.8 2363.6 19.8% 23.2% 19.89 12.29 8.6% 3.8% 12.79 7.1%
3/31/2017 13.9 2362.7 17.5% 23.7% 20.99 13.09 8.8% 4.0% 12.09 5.5%
6/30/2017 14.1 2423.4 17.4% 24.3% 21.39 12.49 8.7% 3.9% 12.09 5.3%
7/31/2017 12.8 2470.3 13.6% 24.7% 23.29 14.59 9.1% 3.9% 11.09 2.6%
8/31/2017 13.9 2471.7 16.4% 24.6% 21.79 13.09 8.7% 3.7% 11.89 4.7%
9/29/2017 13.5 2519.4 14.8% 25.3% 22.79Y 13.39 8.8% 3.7% 11.39 3.5%
10/31/2017 12.9 2575.3 13.3% 25.6% 23.99 14.29 8.9% 3.5% 10.79 2.6%
11/30/2017] 13.7 2647.6 14.9% 26.0% 23.09 12.99 8.6% 3.3% 11.39 3.6%
12/29/2017] 13.6 2673.6 14.1% 26.8% 23.89 12.39 8.6% 3.0% 11.49 2.6%
1/29/2018 14.3 2853.5 18.0% 23.8% 20.79 13.09 8.6% 3.8% 12.19 5.9%
2/5/2018 20.0 2648.9 32.8% 21.1% 15.49 5.1% 7.2% 3.2% 15.39 17.59
2/28/2018 16.3 2713.8 22.8% 23.5% 18.79 10.29 8.0% 3.9% 13.09 9.8%
3/29/2018 17.9 2640.9 28.5% 20.8% 16.39 8.6% 7.7% 3.5% 14.89 13.79
4/30/2018] 16.1 2648.1 23.1% 22.9% 18.59 10.29 8.2% 3.6% 13.59 9.6%
5/23/2018 14.5 2733.3 17.6% 25.3% 21.59 11.79 8.5% 3.4% 12.09 5.6%
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Figurel2

An additional comparison that is informative is comparing the prices for payoffs in
different S&P 500 return ranges with their historical frequencies of occurrericmule,
insurance prices are looking forward, whereas historic frequencies represent past data, so these
may be disconnected. But, nonetheless, we might learn something from past frequeneies of +/
5%, ++10%, and +20% moves and how prices of payoftsngpare with those frequencies. To
examine the historic frequencies, we first looked at the entire Ibbotson sample, which starts with
1926 data, giving-year returns from 1927. With data ending in 2015, we have 88 years of
rolling monthly data from whit to compute frequencies of moves of various sizes. And then, to
check to see if fAthis time is differ0lbt, 0 we
which would much more greatly reflect the Great Recession. These historic frequencies are
presented in the hatched bars in Figur@s and13B for 12-month returns and-Bionth returns,
respectively. As you can see, the right tail is largest, as mean returns were about 10% per year,
S0 a 12.5%+ return is not a large positive deviation.

Figuresl3Aand1l3B s how the comparison of the optio
prices for various moves versus their historic frequencies. In FI@&€1l-year moves), the
graph dramatically shows a great deal of risk aversion in-2016 data, as prices faft tail
coverage were way higher than their frequencies and prices for right tail upside were way less
than their historic frequency. Furthermore, this was also true witB%/ and +5% move
comparisons. However, it is interesting to see that iff 208 at present, the price of large left
tail (downside) coverage has declined considerably and is nearing historic frequencies. Thus,



