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* |[n practice, the no-arbitrage model cannot explain a large part of the empirical
observation changes of option returns. ( Israelov and Kelly, 2017 )

« According to the Euler equation of asset pricing and the assumption of no arbitrage,
there i1s a random discount factor, m;,; ,which satisfies

E; [mt+1rri,t+1] =0

. therefore
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« When my;,, IS linear in factors f;,, , as assumed in many asset pricing studies, the
cross section of excess returns satisfies a linear factor model:

!
Figg1 = Ui + ﬁf,rft+1 + €t

e for all 1 and t:

Etl€i¢r1] =El€its1ft41]1 =0

Eelfrs1] = Ar, and o, =0
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« This approach is difficult with options data for a few reasons:
(1) Their short lives make it hard to estimate option betas with time series regression.

(2) Rapid migration of option attributes (such as moneyness and maturity) means that

option risk exposures likewise migrate rapidly over time. Thus, it iIs important to
Incorporate conditional betas in option factor models, which further limits the viability of

time series regression .
(3) The factors are difficult to ascertain a priori.




 Instrumented Principal Components Analysis (IPCA), allows for Iatent factors and time-
varying loadings by introducing observable characteristics that instrument for the
unobservable dynamic loadings.

* The general IPCA model specification for an excess return 7; t4.4:

Tit+l = Q¢ T+ -ﬁiift*] T €141

f f
it = 2 Ua + Vait, Biz = 23 L's + Vg

* B; ¢ -dynamic factor loadings
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Tit = J]T Jo + i
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* x;,1 .the investor can buy or sell the payoff x;,1;

* p; . the asset’s price;

« e:the original consumption level (if the investor bought none of the asset);
¢ :the amount of the asset he chooses to buy.

* (1) Illﬂx“u(fit)—l‘Etﬁ“(Ct—}—l) s.t. (2) pt’uf(ﬁt) = Ey [ﬁ“f(ct—i—l)%-{-l]

{&}
ct = e — P /(
Lt+1)
Cer1 = €41 21§ pe = By [ﬁ u"(ct) =Et+l] :
) p = E(mx)

| _ ’u’(ctﬂ)
m=p u!(¢y)
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« Data: The options on the S&P 500 index.

* From: Daily option data is obtained from OptionMetrics for the period of
January 1996 to December 2017. VIX index Is obtained through CBOE.

* The information includes:Contract specifications (exercise date, strike, etc.)
as well as underlying index values, historical dividend yields, and option
sensitivity measures such as the BMS delta, gamma, vega, and theta.
Data for the VIX index Is obtained through CBOE.
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« The delta-hedged profit-and-loss (P&L) for a contract with value F over a period
t=1,..,TIis given by

T-1 T-1
Oiyry =) (Fa —F) =) At(Sei1 — St)
(=1 (=1

=l 1T
o Z t.f4 I(ﬁ_&rst]-
=1

365

* where the first term is the raw P&L, the second term captures the
adjustment from delta-hedging the position, and the last term adjusts for
the cost of funding the delta-hedged portfolio at the risk-free rate where
a; ¢ +11S the number of days between trading datestand t + 1 .




* OptionMetrics data filters : The data excludes observations in which 1) the

bid price is negative, Ii) the bid exceeds t
are violated, or iv) the OptionMetrics imp

* Only study observations for contracts wit

ne ask, Iil) no-arbitrage conditions
led volatility is missing.

N positive open interest. We

exclude observations with extreme embedded leverage by trimming data
below (above) the 1st (99th) percentile of the embedded leverage
distribution, where embedded leverage Is defined as

Q= |A-S/F|.

* Finally, we restrict our sample to call options with forward delta of 0.01 to

0.5 and -0.5 to -0.01 for put options, and
1 to 12 months.

require time-to-maturity (T TM) of
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Fig1. Open Interest and Volume of S&P 500 Options
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Panel A: Call Option Contracts

21| HA A (] femiir{r

ttm mness embed_lev iv delta gamma vega theta r_.?;m
Mean 129 1.05 32.02 0.16 0.20 0.002 196.85 -55.10 -3.14%
Median 91 0.97 25.99 0.15 0.18 0.002 155.54 -44.19 -2.31%
Std. Dev. 99 0.67 21.00 0.07 0.15 0.002 159.82 45.86 1.33%
No. Obs. 24,749 24,749 24,749 24,749 24,749 24,749 24,749 24,749 24,749

Panel B: Put Option Contracts

ttm mness embed_lev iv delta gamma vega theta rﬁm
Mean 123 -1.16 15.10 0.26 -0.15 0.001 168.03 -70.60 -5.18%
Median 91 -1.20 16.73 0.24 -0.10 0.001 123.02 -59.06 -4.26%
Std. Devw. 99 0.66 11.08 0.10 0.14 0.002 148.34 48.94 1.48%
No. Obs. 52,341 52,341 52,341 52,341 52,341 52,341 52,341 52,341 52,341

Table1. Summary Statistics of Option Level Variables

mness = [n(K/S)/(IV - Jttm) -
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Instrumented principal components model(IPCA) (Kelly et al2019, 2020),
The model is specified for a general excess return 7; ¢, 1 :

Fite1 = i + Bicfrer + €iraa
it = Z; Lo + Voir. Pir= z;,;rﬁ + Vgt

Where f; . 1:K x 1; z; 411 x 1.

By restricting the IPCA model such that I, = 0, we can test whether risk
compensation in option returns solely arises from exposure to systematic
factors, ft , or whether returns partially line up with characteristics directly
(i.e. I, #0 ), hence constituting compensation without risk.



Asset pricing performance: (Kelly, Pruitt and Su (2019) ).

N A 2
it (ri.r+l -z Iy + rﬁftH])

R ~—=1_— :
I 2
Z:’.t ri_H.[

rota

(6)

RZ .,; measures how well the set of factors and loadings captures realized
returns.

2
2 1 D it (ri.t+l -z, (Fy + rﬁ}“))

pred — 3
2it Tipen

(7)

A : The unconditional time-series mean of the factors. R;%red captures how

well differences in average returns are explained through the model's
description of conditional expected returns, i.e. the models abillity to
describe risk.



Let Z; be an NxL matrix of characteristics at time t. Then managed

portfolios can be constructed via

: 8
Ntﬂ ( )

N;., Is the number of outstanding options at time t+1 . The managed

portfolios, x;,, are a weighted average of option returns where the weights

are determined by the characteristics in Z; . We can define performance
measures for managed portfolios:

R 2
Sic (%1 = 221 (Fo + Fpfesn)
R ~=1-—

total x 7
21t Xf s

(9)

. - 2
2Lt (KLH'I - z;I[zI.l‘(rﬂ' + rﬁ}u))

2
ZJ‘_I xi,t+1

R.Z

pred.x — 1-

(10)

where [ =1, ..., L.
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TSyt
(1) (2)
delta -0.0088 0.0560
(-0.7169) (6.4211)
ttm 0.0244 0.0327
(5.9405) (8.3471)
embed_lev -2.011e-05 0.0063
(-0.0069) (2.8575)
gamma -0.0151 -0.0140
(-3.4482) (-4.1134)
vega -0.0091 -0.0254
(-1.8856) (-6.3281)
theta -0.0167 0.0118
(-2.1788) (1.8536)
impvol -0.0821 -0.1467
(-13.383) (-14.711)
delta:put 0.0635 0.0291
(3.7247) (2.6428)
ttm:put -0.0141 -0.0295
(-3.4176) (-7.2445)
embed_lev:put 0.0151 0.0074
(4.4433) (21717)
gamma:put -0.0056 0.0080
(-0.8119) (1.7138)
vega:put -0.0015 0.0311
(-0.2155) (6.2716)
theta:put 0.0524 0.0424
(5.7418) (6.0961)
impvol:put 0.0543 0.1109
(11.800) (15.992)
Effects Time
R? 3.15% 6.23%
No. Obs. 77,090 77,090

Table 2 Panel Regression of Option Returns on Option Characteristics
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Panel A: Abs. Delta Bin

Range K=1 K=2 K=3 K=4 =5 No. Obs
0.01 to 0.1 57.44% 75.41% 76.85% 80.96% 83.12% 34,957
0.1 to 0.2 71.11% 81.95% 85.66% 88.48% 89.58% 14,307
02to03 75.56% 81.05% 86.39% 91.64% 92.42% 10,393
0.3 to 0.4 75.43% 79.99% 87.11% 91.49% 92.56% 8920
0.4 to 0.5 74.24% 78.27% 85.35% 87.83% 89.69% 8513
Panel B: Time-to-Maturity Bin
Range K=1 K=2 K=3 K=4 K=5 Mo. Obs
1 Month 41.11% 52.16% 65.59% T7.27% 79.49% 16,598
2 Months 80.38% 88.61% 90.77% 92.03% 92.70% 19,087
3 to 6 Months 88.23% 92.67% 93.80% 94.40% 95.41% 22,723
6 to 12 Months 82.57% 88.31% 92.28% 93.12% 04.34% 18,682
Panel C: VIX
Range K=1 K=2 K=3 K=4 K=5 MNo. Obs
0% to 10% 2531% 63.86% 65.96% 69.91% 78.96% 2783
10% to 20% 69.65% 77.56% 83.67% 87.63% 89.52% 47,061
20% to 30% 65.77% 73.93% 81.85% 86.66% 88.40% 20,736
30% to 90% 78.83% 84.98% 88.34% 91.47% 91.99% 6510

Table3 IPCA Performance by Bins of Option Delta, Maturity, and VIX
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No. Factors
1 2 3 4 5

Panel A: Individual Options
Rfm, Ny =0 72.28% 79.65% 85.07% 88.90% 90.22%
Iy #0 74.03% 81.08% 85.57% 89.32% 90.46%
Rfjm My =0 547% 5.54% 6.39% 6.59% 6.77%
Iy #0 7.59% 7.58% 7.42% 7.21% 7.13%

Panel B: Managed Portfolios
Rﬁm Iy =0 94.41% 96.64% 98.86% 99.39% 99.61%
Iy #0 95.48% 97.00% 98.74% 99.41% 99.59%
E;’;w Ty = 7.20% 7.44% 7.90% 7.99% 8.06%
[y #0 8.27% 8.27% 8.23% 8.18% 8.18%

Panel C: Bootstrap Test (Hy : 'y =0)

W, p-value 7.4% 2.6% 47.2% 22.6% 3.6%

Table8 IPCA Performance.




Mt RZ

Shanxi University of Finance and Economics

Panel A: [PCA

K
1 2 3 4 5
R, 72.28% 79.65% 85.07% 88.90% 90.22%
Rirm 5.47% 5.54% 6.39% 6.59% 6.77%
RZy 94.41% 96.64% 98.86% 99.39% 99.61%
RZ e x 7.20% 7.44% 7.90% 7.99% 8.06%
Panel B: Observable Factors - With Instruments
CAPM FF3 FFC4 FFCB5 FFCBS6
RZ, 23.81% 25.64% 26.08% 33.15% 49,94%
R 2.47% 2.38% 2.71% 4.45% 6.24%
ng_x 22.55% 25.83% 26.34% 32.68% 56.79%
Rirm_x 3.37% 3.32% 3.58% 5.60% 7.57%
Panel C: Principal Components Analysis
K
1 2 3 4 5
RZ, 18.08% 32.71% 41.70% 47.55% 52.11%
Rzrer_f -0.07% -0.07% -0.02% -0.02% 0.15%
RE,_K 94.09% 97.46% 98.74% 99.44% 99.72%
Rfm.x 7.29% 7.83% 7.87% 7.88% 7.90%

Tabled4 IPCA versus Observable Factor Models
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IPCA FFCBS6

alpha t-stat alpha t-stat
delta 4.6% 5.01 6.9% 3.69
delta:put 2.4% 2.92 2.3% 1.23
ttm 0.4% 0.58 5.8% 3.11
ttm:put 1.0% 1.21 6.0% 3.25
embed_lev 0.0% 0.02 3.5% 2.04
embed_lev:put 0.2% 0.30 5.1% 2.74
theta 0.7% 1.21 2.7% 1.91
theta:put 3.3% 3.46 7.9% 5.36
impvol -0.9% -1.27 -3.0% -1.31
impvol:put 0.5% 0.64 0.3% 0.16
gamma -0.6% -2.42 -0.4% -0.27
gamma:put 2.2% 2.26 4.3% 3.08
vega 0.0% 0.10 -3.4% -1.91
vega:put 1.0% 1.45 -1.4% -0.70
const -0.1% -0.50 -1.8% -1.15
Aveg. Abs. Alpha 1.2% 3.7%

Table 5 Managed Portfolio Alphas-IPCA vs. Observable Factors.
e
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K=1 K=2 K=3 K= K=5
Unconditional 9.32% 8.26% 3.92% 3.02% 2.26%
Conditional 7.85% 6.33% 1.19% 1.04% 0.57%

Table 6 IPCA Portfolio Alphas




Mo. Factors

1 2 3 4 5

Panel A: Individual Options

R?nmr 71.47% 76.18% 82.98% 86.53% 88.88%

R-émd 4.41% 3.31% 3.67% 4.34% 4. 46%
Panel B: Managed Portfolios

erumr 05.57% 97.01% 98.23% 98.89% 99.21%

R;red 3.31% 3.00% 3.30% 3.43% 3.47%

Table 7 Out-of-Sample Performance
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* In this section we present results from a trading strategy that aims to
optimally combine the IPCA factors in a maximum Sharpe ratio sense.
This provides a description of IPCA model performance in economic terms.

s EE 2 sa

ER

Vol Sharpe Skew Kurtosis o (BAB) o (Straddle) o (BAB + Straddle)
IPCA K=1 0.094 0.096 0.986 -0.977 1.678 0.067 (2.218) -0.01 (-0.125) -0.010 (-0.768)
IPCA K=2 0.137 0.091 1.508 -0.598 0.899 0.109 (4.315) 0.041 (1.303) 0.037 (1.545)
IPCA K=3 0.166 0.099 1.673 -0.343 0.587 0.139 (4.920) 0.043 (1.438) 0.040 (1.669)
IPCA K=4 0.179 0.098 1.833 -0.326 0.520 0.151 (6.922) 0.066 (2.530) 0.063 (3.192)
IPCA K=5 0.197 0.109 1.802 -0.783 1.457 0.157 (5.689) 0.070 (1.827) 0.065 (2.310)

Table 9 Out-of-Sample Factor Portfolio Sharpe Ratios.
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Fig. 4. IPCA Factor Regression Betas for Double Sorted Option Portfolios.
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Fl1 F2 F3

Level -0.10 0.32 1.13

(-1.58) (6.35) (27.16)
Maturity Slope 0.71 -0.38 0.59

(10.59) (-9.44) (12.82)
Moneyness Skew 0.53 0.58 -0.53

(8.80) (7.63) (-8.61)
Rﬁdj 72.3% 88.0% 89.3%
No. Obs. 261 261 261

Shapley-Owen R?

Level 9.1% 28.4% 49.4%
Maturity Slope 38.6% 26.2% 20.2%
Moneyness Skew 24.7% 33.4% 19.8%

Table 10 IPCA Factors versus Option Return Factors.
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Panel A: IPCA Factors

F1 F2 F3
Period M. Obs Mean StdDev Sharpe Mean StdDev Sharpe Mean StdDev Sharpe
Full Sample 261 0.06 0.06 1.04 0.01 0.04 0.26 0.02 0.02 1.42
Price Jump 25 0.14 0.15 0.93 -0.11 0.09 -1.19 0.01 0.02 0.48
Non Price Jump 236 0.05 0.04 1.32 0.02 0.02 0.98 0.02 0.01 1.60
Vol Jump 50 0.10 0.11 0.94 -0.06 0.07 -0.86 -0.01 0.02 -0.52
Non Vol Jump 211 0.05 0.04 1.33 0.03 0.02 1.28 0.03 0.01 2.10
Recession 26 0.06 0.13 0.50 -0.04 0.08 -0.46 0.03 0.02 1.44
Non Recession 235 0.06 0.05 1.32 0.02 0.03 0.52 0.02 0.01 1.42
High VIX 65 0.14 0.10 1.48 -0.02 0.06 -0.38 0.02 0.02 1.21
Medium VIX 130 0.04 0.04 0.94 0.02 0.03 0.85 0.02 0.01 1.49
Low VIX 66 0.02 0.02 1.22 0.02 0.01 1.39 0.02 0.01 1.96

Panel B: Option Level, Slope & Skew

Level Maturity Slope Moneyness Skew
Period N. Obs. Mean StdDev Sharpe Mean StdDev Sharpe Mean StdDev Sharpe
Full Sample 261 0.02 0,02 1.03 0.01 0.01 0.91 0.01 0.01 0.58
Price Jump 25 -0.03 0.03 -0.82 0.03 0.02 1.63 -0.03 0.03 -0.95
Non Price Jump 236 0.02 0.01 1.66 0.01 0.01 0.81 0.01 0.01 1.29
Vol Jump 50 -0.03 0.03 -1.09 0.02 0.01 1.58 -0.01 0.02 -0.39
Non Vol Jump 211 0.03 0.01 2.46 0.01 0.01 0.70 0.01 0.01 1.39
Recession 26 0.01 0.03 0.32 0.01 0.01 0.98 -0.01 0.02 -0.52
Non Recession 235 0.02 0.01 1.25 0.01 0.01 0.90 0.01 0.01 0.98
High VIX 65 0.01 0.03 0.25 0.02 0.01 1.63 0.00 0.02 0.17
Medium VIX 130 0.02 0.01 1.75 0.01 0.01 0.62 0.01 0.01 0.81
Low VIX 66 0.02 0.01 2.23 0.00 0.00 0.53 0.01 0.00 1.70

Table 11 IPCA Factor Summary Statistics.
e
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F1 F2 F3
VIX -0.17 -0.46 -0.02
(-0.88) (-3.17) (-0.22)
Realized Variance -0.23 -0.08 -0.40
(-4.19) (-0.74) (-3.27)
Realized Return -0.13 0.14 -0.18
(-1.29) (1.04) (-2.53)
Intermed. Cap. Risk -0.48 -0.08 0.25
(-2.45) (-1.07) (3.02)
Rﬁdj 22.1% 34.5% 19.4%
No. Obs. 215 215 215

Shapley-Owen R?

VIX 2.3% 16.2% 2.8%
Realized Variance 4.5% b.3% 9.5%
Realized Return 4.7% 9.0% 1.4%
Intermed. Cap. Risk 10.6% 3.0% 5.8%

Table12 IPCA Factors and the Dynamics & Liquidity of the Underlying.
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Reduction R?  (abs.) Wy p-value
impvol:put -26.80% 0.00
vega -23.85% 0.00
impvol -22.46% 0.00
gamima -14.88% 0.00
theta -14.78% 0.00
ttm -7.03% 0.00
delta:put -4 41% 0.00
delta -2.90% 0.00
theta:put -2.85% 0.00
vega:put -2.43% 0.00
embed_lev -2.24% 0.00
ttm:put =2.17% 0.01
gamma:put -1.64% 0.00
embed_lev:put -1.51% 0.00

Table 13 IPCA Instrument Significance.
The second column contains p-values for the bootstrap test W3 with 1000 draws that tests
Ho: Tg = Vg1 Vouo1: Oty Vorens - 2K
against the alternative

Hit lvga. .- vpal
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Fig. 6. IPCA Factor Exposure by Level of Moneyness.

A:
For each bucket AJ- compute the average factor exposure § | = ZiIpwhere Z; Is the mean of the
characteristics in bucket Aj.
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Panel A: Average Performance

Carr & Wu - RZ_| IPCA - RZ |
Ry Rs Ry Ry K=1 K=2 K=3 K=4 K=5
All Options 72.22% 85.29% 82.94% 85.20% 69.98% 85.89% 91.53% 92.92% 93.76%
Panel B: Average Performance by Moneyness Bin
Carr & Wu - R?, | IPCA - R?,,
abs. delta Rq Rs R Ry K=1 K=2 K=3 K=4 K=5
0 to 0.1 65.78% 70.96% 58.38% 69.32% 64.5% 67.7% 73.1% 81.5% 85.3%
0.1 to 0.2 72.65% 83.54% 81.54% 85.26% 77.3% 84.8% 90.6% 92.0% 93.0%
0.2 to 0.3 73.46% 87.30% 86.64% 88.08% 75.6% 88.0% 93.8% 94.2% 94.7%
0.3 to 0.4 73.05% 89.08% 88.89% 89.35% 70.4% 88.5% 94.3% 94.8% 95.2%
0.4 to 0.5 73.50% 90.12% 90.09% 90.18% 62.9% 88.0% 93.4% 94.2% 94.7%
Panel C: Average Performance by Time-to-Maturity Bin
Carr & Wu - RZ | IPCA - RZ
ttm Ry Ry Rs Ry K=1 K=2 K=3 K=4 K=5
1 Month 51.9% 72.5% 67.7% 72.0% 69.0% 80.2% 91.7% 94.1% 95.1%
2 Months 76.8% 92.1% 91.2% 92.6% 77.9% 91.9% 93.1% 94.7% 95.6%
3 to 6 Months 87.4% 94.6% 94.0% 94.7% 72.8% 90.8% 92.8% 93.7% 94.2%
6 to 12 Months 93.2% 96.4% 96.3% 96.5% 58.0% 78.8% 87.8% 88.4% 89.4%
Panel D: Average Performance by VIX bin
Carr & Wu - R2 | IPCA - R,
VIX Ry Ry Ry Ry K=1 K=2 K=3 K=4 K=5
0% to 10% 55.90% 74.41% 69.07% 69.52% 56.2% 76.1% 85.7% 90.1% 92.3%
10% to 20% 70.36% 86.33% 84.64% 86.91% 71.5% 85.4% 91.4% 93.4% 94.2%
20% to 30% 76.79% 82.85% 79.13% 81.36% 63.9% 85.6% 90.8% 91.9% 92.6%
30% to 90% 71.95% 95.33% 93.85% 97.32% 74.5% 86.5% 92.3% 93.6% 94.5%

Tablel4 Comparison of IPCA against a No-Arbitrage Model at Daily Frequency

For the no-arbitrage model the total R2 is computed as follows: for a series R;,1...4 the R-Squared is
computed as Rfoml,i =1—-Var (R;) /Var (Ry) where R, is the series of delta-hedged daily returns.
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* We demonstrate that a coherent factor- based description of
option returns Is possible in a model with time-varying factor
loadings.

* We find that a low dimensional latent factor model is successful
IN capturing variation in option returns and describing differences
In risk across a wide range of options. The model also provides
an accurate description of the risk-return trade-off in options
markets.
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* We also find that a trading strategy designed to efflc:lently capture the risk-
return trade-off (as estimated from IPCA) earns an annualized Sharpe
ratio as high as 1.8 and has positive alpha versus previously proposed
Investment strategies using index options.

* The risk factors recovered by IPCA can be interpreted as capturing
fluctuations in the level of the volatility surface, in the maturity slope, and Iin
the short-dated moneyness skew. While most of our analysis focuses on
monthly data, we also find that the IPCA model matches the behavior of
options returns at the daily frequency across a wide range of option
contracts.




Thanks for listening
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