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Using Skew Stickiness Ratio to Fine-tune Options Risk
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Abstract Vega Margin Interval (VMI) and Delta Margin Interval (DMI) are key inputs to scenario-based margin methodologies (e.g.,
CME SPAN and OCC TIMS). The current Volatility Scan Range (VSR) VSR methods adopted by clearing houses does not recognize the
volatility skew. In this paper, we revised the VSR calculation by segmenting the observations into 4 categories, with co-movement of
price and volatility considered. The findings suggest that the current methods can result in an understatement of volatility for options
writers and overstatement of volatility for options buyers. The impact of SSR is significant and should not be ignored.
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Introduction

The scenario-based margin methodologies are widely adopted by clearing houses around the globe. Vega Margin Interval (VMI) and
Delta Margin Interval (DMI) are key inputs for options and futures. The VM represents the potential variation of market volatility and
is calculated by observing implied volatilities at several moneyness levels over a historical period. The DMl is the potential variation
of spot prices and is calculated based on historical price movements.

Scenario based methodologies use on a set of hypothetical scenarios where the DMI and VMI are moved up/down. The trades are
repriced under the expected spots and expected implied volatilities and the worst-case losses are required as margin against future
price movements. The standard SPAN methodology is to move the price up/down +/-100% of the DMI and VMI.

Volatility Scan Range (VSR), which is the VMI methodology used in the CME SPAN® methodology, is defined as the maximum change
reasonably likely to occur for the volatility of each option’s underlying price (Peter Fortune (2003) and JSCC 2020).

The SPAN® based methodology uses 16 scenarios where scenarios 11 to 14 represent 4 possible combinations of prices and volatilities
moving up or down.
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As shown in Table 1 below, the +1 in price refers to a full up movement in prices, generally 99th“percentile of daily historical
movements adjusted for MPOR (i.e., av/tz). The +1 movement in Volatility refers to the full up movement by VSR described above.

The impact on trading varies with scenarios. For example, Scenario 12 represents ‘Price moves Up while Volatility moves Down’
(UD). The scenario is bad for long put and good for short put.

b T A 1 PR, MAk6+1 RIMAE 0 208 LK, @% ARBRIEE R ALGEDH L THGE 99 AT o (B,
oVE) o HAF P 4941 LA RAG LK VSR 49 4 HE LR E A

SR GHWHARENmF. P, B7 12 2T “DH LR, KIFHHETHE” (UD) o EXMHFNT L KEHEMARF, F2
kA AABCH Ao

Table 1

Hypothetical Scenarios and Risk Impact

Scenario 11 Scenario 12 Scenario 13 Scenario 14

Price Up & Price Up & Price Down & Price Down &
Volatility Up (DU) | Volatility Down (DD
Volatility Up (UU) | Volatility Down (upy | " O@tility Up (BU) | Volatility Down (DD)

Price +1 +1 -1 -1

Volatility +1 -1 +1 -1

Impact on | Bad For: Short Call | Bad For: Long Put Bad For: Short Put | Bad For: Long Call
Tradi
rading Good For: Long Call | Good For: Short Put | Good For: Long Put | Good For: Short Call

This methodology, however, does not recognize the volatility skew or the asymmetrical and dynamical properties of implied volatility
and its relationship with spot prices.

The presence of the skew strongly suggests that applying movements shown in Table 1 could understate or overstate risk from option
implied volatilities, which we will show through numerical examples documented in this paper.

R, XA T R INIRE| T8 0 B0 ) FApdt R AR SR AL EARNEOX Z.
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Methodology

The implied volatilities for an option depend on the volatility skew which tends to price out-of-the-money options at a higher volatility,
which can be modelled by volatility skew models like Heston model (Heston 1993). The Skew Stickiness Ratio (SSR ) was introduced
by Bergomiin 2009 to address the relationship between spot and volatility movements. The relationship is expressed in the following
equation:

E[déEd In (5)]

E[(d Inin S)?] (1)

Rr=—75

KT I
dinlInK 'F

Where Ry is the regression coefficient of AL (daily increments of the ATM volatility with maturity T) on AlnS (daily log returns of
the underlying).
Mauro Cesa of Barclays (2021) indicated SSR is a measure of the covariance between the spot price and the ATM forward volatility:

SSR = cov(X,Y) = p(X,Y) a(X)a(Y) (2)

This paper uses covariance to define SSR (Equation 2 above) and for these purposes will use positive or negative values to separate
“Sticky Strike” from “Sticky Delta”.
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AR BY T8 20 3 BB T A FAREE, Mk 3 BMAHEESEM SR AR SRR T 2N (BFHATMAER [Heston
1993]. SSR ¥ Bergomi T 2009 42, B AMEAN AR AETHZ MG X Z, ZXERAF()ET,

E[d6Td In (S)]

i
T AL | E[(d In In § )?] (1)

Hd, RpRAGE (HABME S FGHEREE, LEFHA T) £ AnS GARARG T =4 B =400 Lag=r)a £ 4.
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RT=

SSR = cov(X,Y) = p(X,Y) a(X)a(Y) (2)
AL AT 2R ELSSR (L@agF K 2) , A AEAR QAR XS “AHATAME” F= “451E Delta” .

Instead of considering volatility movements on its own, the study linked volatility movements to movements by using SSR in the
underlying prices, segmented into the 4 scenarios.

AR AH ERE REANES, mAREAR LTSRN EOTEHKEZLR, 28 4FIFL,
While this paper refers to the scenario-based methodologies widely adopted by clearing houses around the globe, the observations
made are applicable to the wider industry.

BAAIRET & FHT ZRRNGETHZOT &, EHAROERLENT R 28Tk,

Results and Discussions

The sample consists of 337 US (90 major equities and ETFs) and 247 Canadian (out of 300 TMX equities and ETF’s) options covering a
variety of sectors. The following historical data between Dec 5, 2011, to Dec 3, 2021, were sourced from Bloomberg L.P.

o Spot Price: St

o Implied volatility: gt for 1-month, and 12-month based on moneyness of 80%,90%,95%, 97.5%, 100%, 102.5%, 105%, 110%,
120%, respectively.

o The average number of days observed was 1946 with a minimum of 64 days

For the purposes of the covariance analysis, only equities with Significance-F below .05 were considered. This is to ensure that the
chance of the null hypothesis (there is no correlation between prices and implied volatility) was very low.

Of the 337 equities, 68% met the significance test and were included in SSR calculation. 87% had negative SSRs, ie. prices were
inversely correlated with volatility. The positively correlated equities were either “bearish” ETF’s, metals, or pharmaceuticals. Of the
198 equities with Significance F < .05, 85% of sample securities selected had SSR’s equal to or less than zero, reflective of strong
‘sticky deltas’ effect.

LERFVTIE

GHAAIEIBTAEER (90 N EZIXZF2 ETF) #2247 ANme K (F£ 300 4~ TMX X Z 42 ETF ) AR, %2 &/ 1k,
VATF A 2011 7 12 A 5 H % 2021 4 12 A 3 B #1889 5 & #3E R R T 35 1§4L

o IEMA: St
o MAbEkFE: o AT 1ANHA A 12 4N A Mk 3 & 89 80%,90%,95%, 97.5%, 100%, 102.5%, 105%, 110%, 120%
o FHUMEEXHK 1946 X; REAMKEH 64 X

BFWMTES A B, REELEEF KT 05 9RE. RN THRBRMBIR (MEERGELHEZNZIHMENE) &
T Ag P E 1K

337 RIEEF, 68% AT EMHAER, FAMANSSRITH, 87%WAH A @& SSR, B, M HHFHERAR L. E4REE
BREZLAR “HH” B ETF, 2ALAREETLRBSEITL, £AFTEMH F<0.05 49 198 R E P, 85%694F AiEA 69 SSR 5
FaRADTE, RBET %2169 “sticky deltas” 3K~ o
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Outlined below are key steps followed for the analysis:
T BER T D ATAT S HE 6 KB 3R

Step | Description

e Download sample data S, ot as specified above. TE I RN 1R P2 K BN R IR

e Convert downloaded to log daily price LN(Si/St1) and implied volatility (LN (o:/0+.1) returns 353 a%
PO {EIE &S

Calculate VSR:

e For each equity selected the implied volatility data was averaged across the moneyness indicated
above. X TR BHIRE, RERENERIETIR LR TR EIFEHE As an example, for
1 MM SPX Index:

O spx Index, 1 MM = (O80% + O90% + O9s% + G97.5% + O100% + 0102.5% + O105% + O110% + 0120%)/9
O spX Index, 12 MM = (O80% + Oooy, + Oos% + Og7.5% + O100% + 0102.5% + O105% + O110% + O120%)/9

e Each equity therefore contained a historical set of spot prices and average implied volatility for 1-
month and 1-year, respectively. Fitt, BREESAEES—H 1 MNEM 1 FHHEIMENIS
AMEHB BN

e The VSR is calculated as the 99t percentile of the volatility returns over the entire lookback period
for the base case. The data was then sorted into the 4 groups in Table 1. E.g. “UU” consists of all
days where both price and volatility movements were positive. The 99* percentile was used for
positive changes in volatility and the 1% percentile for negative changes in volatility. it & & A
BB EEN EHHAPUR R EIIRAVEE 99 ME MU . RERFHESLRFZ 1P 44H. 5
W, “UU"HRMNEFUE S TR0 IERFRA BERER . 55 99 B A A TREN4IETL,
E 1B AT R TEL.

Calculate SSR:

e Calculate correlation and Skew Stickiness Ratio (SSR) as the covariance between the daily price
returns and the daily implied volatility returns for all returns for the equity. T+ & 8 < Fn{FEEky 14
EbZR (ssR) {EAREERARRMEHMERIRENT BRSKROREL EWHEE.

C o TTEHEXMAMFIEELEE R (SSR) (FAREMBRBREMNEHNMEEREMEGHIRSK
FEBIREZ ENHEE.

e Calculate Significance-F and use it to filter securities. Results with a Significance F of less than .05
were selected, which suggest that there is a 95% chance that the results are significant. it EEE
%-F HERERIIEILES. EEFEEEMF /DT 005 WER, XRPEREZNATEMNR
95%.

The results for the two selected securities, SPX and SDS, are provided for one-month volatilities in Table 3. The SPX measures the
value of the 500 largest public companies by market capitalization. SDS — ProShare UltraShort S&P 500 is a fund that is aggressively
short the S&P 500, which seeks a return that is 2 times the inverse of the daily performance of the S&P 500. SDS represents the
opposite view of S&P 500. Table 3 summarizes the results for the above noted specific securities.

AP ZIE SPX A= SDS W94 R, AT —/ANHA &k %, SPX & i#i2 500 £ kK LF /N34 18, SDS - ProShare
UltraShort S&P 500 52 — R ik st a9 = AR R 500 #5494, HFRKODIRA4RAEE R 500 F4F 0 ZIR G 2 12,
R3EBLET EAMNCIERGER,
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Table 3
Summary of 2 Specific Securities
Specific Security Lookback | p SSR VSR
(Year) All' Uu? ubD DU DD

1 -.85 <0 19.4% | 4.7% | -17.3% | 30.9% | -5.6%

2 -.75 <0 30.3% | 5.4% | -18.9% | 34.9% | -10.0%
SPX - S&P 500 5 283 | <0 | 20.2% | 6.4% | -17.0% | 33.0% | -10.1%

10 -.75 <0 18.1% | 7.2% | -16.0% | 29.2% | -8.7%

Average | 22.0% | 5.9% |-17.3% | 32.0% | -8.6%
1 72 >=0 | 28.8% | 33.9% | -11.7% | 16.1% | -22.8%

SDS - ProShares 2 44 >=0 | 41.2% | 45.7% | -40.5% | 56.5% | -35.2%
UltraShort S&P 500 5 .36 >=0 | 43.7% | 53.0% | -43.0% | 44.2% | -42.6%
10 27 >=0 | 38.1% | 51.1% | -48.9% | 55.3% | -42.6%

Average | 38.0% | 45.9% | -36.0% | 43.0% | -35.8%

Note:
1. Original Method: no securities were filtered.
2. UU = Price Up & Volatility Up

Table 3 suggests the following patterns of volatility movements when calculated based on individual scenarios:

o For SPX under 1-Year Lookback, when spot price is down, market vols may increase another 30.9% as compared with 19.4%
suggested by the original method (column All); when spot price is up, market vols may only increase another 4.7% as
compared to 19.4% suggested by the original method.

o With SPX, higher up volatility movements occur when prices fall and SSR < 0; With SDS, the opposite is true, that is, higher up
volatility movements occur when prices rise for SSR > 0.

o Use of the same VSR across all scenarios is not appropriate.

& 3ARBAAFH A, EMNA AT R ELHE KGR

o MF 1 FHDH T SPX, LT MAE T, THEDETRESEIE I 30.9%, ®/R4ET HENNH 19.4% (&
2R3) LA NA LKA, THRADERT RSB IE 0 4.7%, WIRYE T EENN 19.4%.

o T SPX, LA T E SSR<O BY, KA R Z;3 T SDS, HISBAR, BP Y SSR a9MAE>0 iF, A H AR 5
BANETH,

o HFTH ZEPAEAARR VSR AT A8,

The above observations appear consistent to the market performance. As the S&P 500 falls, there is greater demand for SPX put
options and conversely greater demand for SDS call options. Local volatility surfaces for the above examples illustrate the skew to the
left for the S&P 500 and the skew to the right for the SDS Ultra Short S&P 500. The results for the one-month volatility are shown
below.

TAMRERZMTFETHEIN K. A EL R 500 5569 T, 3 SPX AHARAE K38, MR, *FSDS A KA
89 F KA ARRAR K . LR 69 53R Bt & LA T AR R 500 4540 69 £ 1 #2478 500 453048 2 K ARE 500 #5449
LARE. — AR FE R4 T T,

Volatility Surface

PRO ULTSHRT S&P  42.01 USD Ol i AR lKd 04-Mar-2022 [Pl
) Vol Table EEDEIECA 3 Term 4) Skew 5 Dividends 6) Prices

Listed

5 Volatility Surface
S§P 500 INDEX  4314.69USD [CIECnr I~ MRS As of KEESSIpRE -
1) Vol Table JTerm 4§ Skew 9 Divid Prices

Moneyness [ v Local Vol M

v
Legend T~

Strikes Matct Local Vol Strikes @ Matct

Rotate

0% 950% 10008  1050% 11008
Honeyness

o Chart to the left indicates a sticky delta, and to the right a sticky strike.

o Equities in the “Bearish” category had high SSRs -consistent to with market observation when SDS prices rise, S&P
shares fall, and volatilities rise.

o Graphs are used with permission of Bloomberg Finance L.P
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The impact on Profit/Loss of SPX is shown in Table 4. The risk is the maximum and minimum with short and long, respectively. Short
Risk means risk to seller of the option as prices increase, and Long Risk means risk to the holder of an option when the price decreases.

In comparing the P&L’s the put position risk for short is understated by 13.42 % (i.e., In [-124.79/-109.12]). The long-put P&L is not
materially different (i.e. -77.81 vs -76.10). However, call position risks for both short and long are overstated by about 16.8% (i.e., In
(-97.31/-115.15) and 16.47% (i.e., In (-65.25/-76.94)).

3 SPX MBI HrRALEK 4o BhA L KRN E5HAL TR K AR ML, 2 KA E 2 48 M A M4 L 3K m ot A3 7 e W%,
% Sk W% 2 45 S M A& T sk i B A A @ 1E 69 K%

BRI EB, T KA KT REHAKAET 13.42% (BF In [-124.79/-109.12]) « KABMB XA LA ER (Bp-77.81 vs -
76.10) o« KM, TkhAS KO HERLTHNEHR S KT Y 16.8% (B In (-97.31/-115.15) #= 16.47% (BF In (-65.25/-
76.94) ) .

Table 4
SPX — S&P 500 Profit/Loss
Market Scenario Risk P&L
uu ub DU DD Short Long Short Long
Spot 4,538 4,690 4,690 4,391 4,391
E VSR 19.40% 19.40% 19.40% 19.40%
g Vol 22.50% 27.30% 18.50% 27.30% 18.50%
E Put 119.02 82.11 41.21 228.14 189.21 228.14 41.21 -109.12 -77.81
g Call 114 230 189 76 37 230 37 -115.15 -76.94
- VSR 4.70% 17.30% 30.90% 5.60%
_-g é Vol 23.60% 18.90% 30.70% 21.30%
é é Put 64.27 42.92 243.81 200.9 243.81 42.92 -124.79 -76.1
Call 212 190 92 49 212 49 -97.31 -65.25
Profit/Loss Overstatement /(Understatement) Put 1342% 222%
Call 16.83% 16.47%

Summarized below are the parameters for the calculations:

o Use Black-Scholes option model for the 252-day lookback period and one-month volatilities

o The spot price movements are determined as 3 standard deviations of the historical spot price movement multiplied by the
square root of the holding period equal to two days.

o Interest rates for the one-month option is 0.25%, the dividend yield is 1.5% and zero for SPX and SDS, respectively.

Impact on Broader Market is shown by the VSR calculations for all 337 equities per lookback period, with values averaged to illustrate
SSR effect for the broader market, as shown in Table 6.

VATF Aot S8 Sk

o X Black-Scholes AAAA% A o 69k 5h F4% B T 252 KA= 1 A~ 69 &5 40
o IMEMAERZTHATHFHLIFTMALTHG 3 /MR ERAFTHRGER G -F F 4,
o —AABREGFIE A 0.25%, SPX F= SDS e9AL Lk E FE A A 1.5%F K,

BN TR 337 AL E 6 VSR H H 27 T AP K& Feh, H-F34H4E M TH00 SSR A K& 8% ek, 4ok 6 i,

Table 6
One-Month Volatilities - Average VSRs
VSR

chgl;l;?)c k ?3/:?7Re\c/13|itiueg SSR E':Lojliticc)afs V\cl)lsﬁp Price Up | Price Up |Price Down| Price Down
Vol Up Vol Down Vol Up Vol Down

1 26.8% <0 202 18.9% 20.4% - 22.8% 23.3% - 189%
o >=0 29 30.0% 43.7% - 29.7% 31.5% - 32.3%

5 35.6% <0 262 33.0% 34.9% - 38.4% 49.0% - 35.2%
- >=0 17 38.0% 55.7% - 38.0% 42.5% - 47.0%

5 28.5% <0 267 24.8% 30.6% - 32.5% 39.3% - 32.2%
o >=0 18 34.0% 47.4% - 38.8% 41.1% - 44.6%

10 26.0% <0 248 20.7% 26.7% - 34.2% 30.5% - 33.4%

e >=0 13 32.5% 48.1% - 51.1% 46.8% - 40.4%
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As summarized in Table 7, The impact of the VSR is dependent on the type of risk position, that is, the risk to an option is directional
and depends on whether an option is a put or a call, written or purchased. Figure 1 below illustrates the 2-year lookback results
(shaded) for equities where SSR is less than zero. The lines represent the VSR Vol for 337 equities. Figure 2 provides the results where
SSR is greater than zero.

The risk on short call positions is understated since the worst risk is when prices are up and vols are up at 55.7% which is greater than
the 35.6% indicated by the single VSR. In addition, the worst case for calls purchased is when price is down and vols are down, and
the call would be valued at 35.6% although the results indicate the value of the call is overstated since vols are down 47%.

ok 7 PR, VSR R4 Bsk T RIS K09 KA, BRga ey e 2 2 may, Bk THRAARPRLR A KRR, AF2H

TAFEN, TEH1ETT SSRAKT R ZM 25O HIMGLEE () » THEKE 337 AR EZ4 VSR Vol, B 2 =4
T SSR K TERMZEXR,

Figure 1 Figure 2
Equity Price Changes Inversely Correlated with Equity Price Changes Positively Correlated with
Implied Volatilities Implied Volatilities
Daily Implied Volatility Change, SSR <0 Daily Implied Volatility Change, SSR > 0
80.0%
Price Down/Vol Up 49.0% 80.0% -
Price Up/Vol Up 55.7% Price Down/Vol

60.0% Price Up/Vol Up 60.0% Up42.5%

34.9%
40.0%

0
VSR 35.5% 40.0%

VSR 35.6% 14

20.0% 20.0%

0.0% 0.0%
-20.0% -20.0%

VSR -35.6% VSR -35.6.%
-40.0% ) -40.0%
Price Up/Vol Down, - Price Do;éné\l{/o' Down Price Up/Vol Down -
o -35.2% 38.0%

-60.0% 38.4% -60.0% 2 Price Down/Vol Down -47.0%

Conclusions

We revised the approach to the VSR calculation by segmenting the observations into 4 categories: price up and volatility up, price up
and volatility down, price down and volatility up, price down and volatility down. We further segmented the results into groups with
SSRs < 0 and SSR’s >= 0. We found volatilities were higher than those calculated following the current approach when prices were
down and SSR is negative, and when prices were up and SSR is zero or positive.

The findings suggest that the current VSR methods adopted by clearing houses can result in an understatement of volatility for options
writers and overstatement of volatility for options buyers. Understatement of volatility for options writers can lead to inadequate
margin coverage. For options buyers, an overstatement of volatility can lead to overstatement of the benefits provided by purchased
options in a portfolio of options, thereby also leading to inadequate margin coverage.

In managing risks associated with options products, market participants such as market makers, portfolio managers and risk managers,
should take into consideration the correlation between price changes and volatility changes in scenario-based methods.

BEALE, BAMEAT VSRITHE 7k, BMRERZ,H 4 £ WA Likfk st L5, A Lkt s T, M4 T%
Fok AL, TR EAE TR, RMN#E—FF2R My HAE: B SSR<0 K SSRAI>=0., KK, SMHETH
H SSR A fibt, VAR L MA& EFKH SSR AR JRER, KehFESTFEHB S A7t Ee ks,

AR GE R R, HE P B ATR A VSR 7 iR T AL S B E R A AIKAE, ST AR E BN e R . ST AR AR A
EAET R FHERIEL B ZREIRL, A THMRMNEER S, WEAHHEE KT REF HA IR A P 5 KW E BT R 64T
&, Ao FEKIELEERTRL,

e E MM X G RIH, THHhEH, oM T R, BTASLEZRAEEYE, B EMMELEEATEZTNT
A AN T A A B9 AR K.
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