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Abstract 

In this paper, I investigate the forecasting power of implied volatility via a new volatility 

index for the Swedish stock market (SVIX). By implementing the same methodology as 

the new VIX index originated from CBOE, I examine the information content of implied 

volatility and appraise the forecast quality of SVIX using two methods. Firstly, I use 

option valuation to evaluate the information content of implied volatility. I use four 

different volatilities and the evidence is clear. Using historical volatility or lagged one 

day at-the-money implied volatility generates poor results. Evaluating the quality of the 

Swedish volatility index SVIX and the average between the implied volatility lagged one 

day of one at-the-money call and one at-the-money put option (AIV), the results are 

diverted and there is no clear evidence whether to use AIV or the SVIX. Secondly, I 

evaluate the forecasting performance of the GARCH (1,1) model, SVIX and the AIV. 

Evidence point in the directions that SVIX and AIV forecasts is of higher quality than the 

GARCH (1,1) model, which uses historical information to produce volatility forecasts. 
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1. Introduction 

Risk is often defined in the financial world as the standard deviation of the return from an 

investment. High-quality forecasts of the future risk, viz. volatility, has many benefits 

because volatility of equities is central in modern asset pricing theory, and when pricing 

derivates, volatility forecasts are essential. Since forecasting future volatility is 

exceptionally important, academics have developed various models to predict it. Most of 

these models rely on the past behaviour of asset prices, and are therefore backward-

looking. Other methods investigate how options are priced because these derivatives are 

forward-looking and should reflect the expected future volatility. During the last two 

decades, a number of articles have been published examining whether implied volatility 

provides a better estimate of future volatility than backward-looking models. These 

articles are mainly centred on the US stock market, the results are mixed and there are no 

clear-cut answers as to whether implied volatilities provide a better approximation of 

future volatility than models using historic price information.  

 

The Autoregressive Conditional Heteroskedastic (ARCH) model introduced by Engle 

(1982) explicitly recognises that price changes and rates of return are serially 

uncorrelated but not independent, i.e. there is a tendency for extreme values to be 

followed by other extreme values, but of unpredictable sign. Since the generalisation of 

the model by Bollerslev (1996), there have been numerous refinements of this approach 

to modelling and predicting future conditional volatility. Models such as the Asymmetric 

GARCH (AGARCH), the Nonlinear GARCH (NGARCH) process of Engle (1990), the 

exponential GARCH (EGARCH) introduced by Nelson (1991) and the square root 

GARCH (SQR-GARCH) process of Heston (1993) are among the most popular 

asymmetric GARCH models.   

 

An alternative approach to GARCH volatility forecasts is to use implied volatilities from 

options, and Latane and Rendleman (1976), Chiras and Manaster (1978) provide early 

assessments of implied volatility forecast quality. They find that implied volatility 

provides better estimates of future return volatility than ex post standard deviations 

calculated from historical return data. In sharp contrast with these findings, Day and 

Lewis (1992), and Lamourex and Lastrapes (1993) investigate the information content of 

implied volatility from options on individual stocks, and find that forecasts based on 

historical data have greater predictive power than implied volatility. Christensen and 

Prabhala (1998) suggest that some of these weaknesses are related to methodological 

issues such as overlapping and mismatched sample periods, and find that the predictive 

quality of the implicit volatility of S&P 100 index options outperforms historical 

volatility in forecasting future volatility. The validity of these concerns is supported by 

Fleming, Ostdiek and Whaley (1995) and Fleming (1998), who find that implied 

volatilities from S&P 100 index options yield efficient forecasts of month-ahead S&P 
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index volatility. Further studies of the performance of the S&P 100 implied volatility 

index were conducted by Fleming (1998) and Christensen and Strunk-Hansen (2002). 

They find that implied volatility forecasts are upwardly biased, but are superior to 

historical volatility in terms of ex ante forecasting power. Corrado and Miller (2005) 

focus on three volatility indices from, S&P 100, S&P 500 and NASDAQ 100, and 

conclude that the forecast qualities of these implied volatility indices easily outperform 

historical volatility as predictors of future volatility. 

 

Because the Swedish stock market is small with relatively low volume in the options 

market, few articles concerning volatility predictions have been published for the 

Swedish market. Moreover, there is no standard benchmark available for academics to 

use for measuring implied volatility over time. This problem will lead to different implied 

volatility calculations and complicate the process when the validity of the data is to be 

checked. Furthermore, it is very time-consuming to calculate implied volatility over long 

periods of time. If knowledge and the science of volatility predictions relating to the 

Swedish stock market are to advance, there has to be a standardised, generally accessible 

volatility index available to the public. For the past decade the implied volatility index 

(VIX), originated from Chicago Board Options Exchange (CBOE), has acted reliable as 

fear gauge in the US for the past decade. High levels of VIX are coincident with high 

degrees of market turmoil (Whaley, 2000). A Swedish index of this kind would not only 

provide academics with easily accessible information about future implied volatility, but 

it would also provide institutional and private investors with an indicator of expected 

future risk.  

 

The purpose of this paper is to examine the forecast quality of a new implied volatility 

index for the Swedish market (SVIX)
1
. Moreover, in 1998 the OMX Stockholm 30 

(OMXS30) index was split with a factor of 1:4 in order to increase investor accessibility 

and try to boost the option and futures market liquidity (Nordén, 2005). According to 

Nordén (2005) bid-ask spreads are wider and trading volume is lower in the options 

market following the new design. Therefore, I evaluate the quality of volatility forecasts 

before and after the split to answer the question if liquidity affects the quality of volatility 

forecasts. 

 

To appraise the quality, I use two different methods. In the first method, I calculate 

theoretical option prices using four different volatility inputs: the level of SVIX, historic 

volatility, at-the-money implied volatility lagged one day and the average between the 

implied volatility lagged one day of one at-the-money call and one at-the-money put 

option (AIV). To evaluate whether SVIX has any predictive power, I use two evaluation 

routines: Firstly, I record the number of times the theoretical prices are observed inside 

                                                 
1
 Because SVIX is constructed to produce volatility forecasts over the next 30 calendar days, it is logical to 

investigate the forecast quality of the backward-looking models corresponding to this time period. 
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the actual bid-ask spread in the market. Secondly, I evaluate the empiric data using root 

mean square error (RMSE) and mean absolute percent error (MAPE).  

Using historical volatility or at-the-money implied volatility lagged one day implied 

volatility generates the worst results. These two volatility inputs in the theoretical option 

valuation model do not produce accurate results when looking at the complete time 

period or divided before and after the split. Moreover, these two volatility inputs generate 

poor results across all moneyness levels. AIV outperforms SVIX with a higher 

percentage of valued options inside the bid-ask spread for all call and put options. SVIX 

produce the smallest RMSE for all call options and AIV generates the smallest RMSE for 

all put options. Evaluating the MAPE for all options, SVIX has the lowest error for both 

call and put options. When dividing the time period in two segments for all options, 

before and after the split, SVIX generates more calls inside the bid-ask spread than AIV 

before the split and AIV produce more puts inside the spread before the split. After the 

split AIV outperforms SVIX both in terms of call and put options with a higher 

percentage of valued options inside the spread.  

 

In the second method, I evaluate the forecast quality of SVIX, the AIV and the GARCH 

(1,1) model, GARCH being a model based on the past behaviour of asset prices. 

Following Corrado and Millers methodology (2005) the benchmark is the realized 

volatility. I run Newey-West (1987) corrected OLS regressions with the realized 

volatility as the depended variable and SVIX respectively AIV volatility as the 

explanatory variable. To evaluate the findings I test the statistical significant of the 

regression with root mean square error (RMSE) and correlation coefficient of 

determination (R
2
). The forecast performance of SVIX and AIV for the complete time 

period are better compared to the GARCH (1,1) model both in terms of RMSE and R
2
. 

The quality between SVIX and AIV are almost identical. This is also true when 

evaluating the quality of volatility forecasts before and after the split. The volatility 

forecasts of SVIX and AIV is of higher quality both before and after the split compared 

to forecasts produced by the GARCH (1,1) model.  

 

The rest of this paper is organised as follows: section two gives a description of the 

Swedish market and data; section three explain the volatility estimations; section four 

clarifies the methods and section five present the empirical findings. Finally section six 

concludes the study. 

2. The Swedish market and data  

The Swedish market 

The OMX Stockholm 30 (OMXS30) on the OMX Exchange is a value weighted index of 

the 30 most actively traded stocks on the Stockholm Stock Exchange (StSE). The index 

was launched in September 1986 and is revised two times per year. Today the OMXS30 

index is an underlying security for European style options and futures contracts and all 
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the trading with derivates at OMX are fully computerized. The option and futures are 

settled in cash and the maturities of the option contracts are three, six and 24 months. On 

the fourth Friday every month, if the exchange is open for trading, one set of options 

expires and a new set is initiated. Before 1998 the strike prices of the listed options were 

set at a 20 index point interval. In April 1998, the OMXS30 index was split with a factor 

of 1:4. After the split, the strike prices were set with 10 point intervals if the index level is 

at or below 1000. The reason for the split was to try to boost liquidity of the futures and 

option market (Nordén, 2005). However, according to Nordén (2005) the new design 

generated wider bid-ask spread and lower trading volume for options. 

Description of the data 

The data collected for this paper is obtained from the Swedish exchange for options and 

other derivatives (OM) and it contains data from the OMXS30 index between 4 January 

1993 and 31 December 2004 - a total of 3011 daily closing prices. The realized-, 

historical volatility and GARCH (1,1) volatility forecast calculations are using the closing 

prices. Bid-ask quote price of OMXS30 index options from each trading day are collected 

from the same source and for the same period to construct the new Swedish implied 

volatility index (SVIX). 

 

In the first method, valuation, a total of 346 call and 374 put options are valued using 

four different volatility inputs. In the valuation method, the options are separated by 

moneyness. Following Engström (2002) I divide the options by three moneyness; at-the-

money (ATM), in-the-money (ITM) and deep out-of-the-money (OTM). The definition of 

an ATM put option is when the exercise price to index level ratio is between 0.98 and 

1.02. A total of 139 ATM put options and 141 ATM call options are valued. The ratio of 

an ITM put option is 1.02 – 1.10 and the same ratio for OTM put option is when the 

strike price to index level ratio is between 0.85 - 0.90. I valued 135 put options and 136 

call options of the former and 98 put options and 72 call options of the latter. If there is 

more than one strike price listed that matches the criteria’s I choose the strike price 

closest to the centre of the ratio.  

 

In the second method where volatility predictions from SVIX are compared to volatility 

predictions from GARCH and AIV, a total of 140 non-overlapping volatility forecasts are 

produced using data between the period 4 January 1993 and 31 December 2004. 

Moreover, the time period is divided in two segments; before- and after the split in 

OMXS30 index. Before the split a total of 63 non-overlapping volatility forecasts are 

produced and after the split, 77 non-overlapping forecasts.  

3. Volatility estimation 

To extract the implicit volatility using a valuation model, the observed market price of 

the option is used to work out the volatility i.e. using a volatility that makes the model 

value equal to the market price. When pricing an equity option, all of the variables 

needed for the model are known, except the future volatility. The volatility is a measure 
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of how uncertain market participant’s are about the future. If the future volatility is 

believed to be higher than the preceding volatility then the seller of an option will 

demand a higher price for the option, i.e. the option will yield a higher price because of 

the (expected) higher future risk.  

In this paper, I use the Fischer Black and Myron Scholes model developed in 1973 to 

value index options. The Black – Scholes formulas, equation (1) and (2), the price c of a 

European call and price p of a European put option is expressed as; 
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and S0 is the current index level, K is the strike price, T stands for time to expiration,  

σ is the volatility, r risk-free rate
2
 and q is the dividend yield rate

3
.   

 

The Black-Scholes valuation model has had a huge influence on the way trader’s price 

and hedge options and it is widely known among financial engineers (Hull, 2003). In the 

Black- Scholes framework the option price is a function of the above variables. Of these 

six factors five are observable. The factor that has to be estimated is the volatility. 

According to the Black-Scholes model, implied volatilities for options should be the 

same regardless of moneyness. Empirical studies show that this is not the case because 

options on the same underlying asset with different strike prices but the same time to 

maturity yield different implied volatilities (Engström, 2004). The difference in implied 

volatilities for equity options are referred to as volatility skew because the implied 

volatility typically decreases when the strike price increases (Hull, 2003). This means that 

deep out-of-the-money puts and deep in-the-money calls have greater implied volatility 

than out-of-the-money calls and in-the-money-puts of equivalent maturity. This is one of 

the main weaknesses with the Black-Scholes model because the key assumption behind 

the model is that the underlying asset return is lognormal distributed with a constant 

                                                 
2
 The yield of the Swedish Treasury Bill, 1 month (EcoWin AB, 2005). 

3
 Dividend yield for the next 12 months (EcoWin AB, 2005). 
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variance and drift rate. The existence of skewness in the implied volatility is clearly 

inconsistent with the Black-Scholes model and it means that options are not priced as 

though the underlying asset price is log normally distributed. 

3.1 The new VIX 

In 1993 CBOE created a volatility index measuring the implied volatility of index options 

on Standard and Poor’s 100 Index (S&P 100)
4
. This index quickly became the benchmark 

for stock market volatility (Whaley, 2000). The new VIX is computed using S&P 500 

index options across a wide range of strike prices. Because the methodology, when 

calculating the new VIX index, does not use any valuation model but rather a wide range 

of strike prices, the volatility skew is incorporated and should be able to provide volatility 

forecasts that are better than those produced by other models that are based on historical 

price information. Moreover, it is supposed to be a more robust measure of volatility 

because it derives the market expectation of volatility directly from index option prices, 

rather than an algorithm that involves backing implied volatilities out of an option-pricing 

model (www.CBOE.com, 2005). Because it is based on real-time option prices, which 

are supposed to reflect market participants’ consensus view of future expected market 

volatility over the next 30 calendar days or 22 trading days, the methodology ensures that 

the volatility index always indicates the level of implied volatility with a constant 30 

calendar days to expiration.  

 

When calculating the SVIX for the Swedish market I use standardized options from 

OMXS30 Index. The only difference when computing the SVIX compared to the new 

VIX index is that it is not calculated using real-time quotes but end-of-day data.  

 

The generalised formula used in the SVIX calculation is (www.CBOE.com, 2005);
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Where T is time to expiration, F is the forward index level derived from index option 

prices. Ki is the strike price of i 
th

 out-of-the money option; a call if Ki > F and a put if Ki 

< F. ∆Ki  is the interval between strike prices i.e. half the distance between the strike on 

either side of Ki
5
; 

                                                 
4
 Today 2005, there are volatility indices for S&P 100, S&P 500, NASDAQ 100 Index and Dow Jones 

Industrial Average. In 2003, CBOE changed the underlying index for the VIX from S&P 100 to S&P 500, 

and a new methodology to calculate the new VIX was implemented. The new ticker symbol for S&P 100 is 

VXO.
 
 

5
 ∆K for the lowest strike price is simply the difference between the lowest strike price and the next higher 

strike price. Likewise, ∆K for the highest strike price is the difference between the highest strike price and 

the next lower strike. 
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K0 is the first strike price below the forward index level, F. r is the risk-free rate
6
 and 

Q(Ki) is the midpoint of the bid-ask spread for each option with strike price Ki. Mid 

market quotes are used for two reasons. First, bid-ask price quotes reflect current market 

conditions. Second, using the midpoint of the bid-ask price quotes eliminates the 

bouncing between bid-ask price levels (hence, implied volatilities) observed in the 

sequence of trade prices (Whaley, 2000). 

 

Graph 1: SVIX and OMXS30 

Figure I display’s the SVIX together with OMXS30 index between 4 January 1993 and 

31 December 2004.  

 

The graph illustrates the concept of “fear gauge” because the periodic spikes in the level 

of implied volatility when the market is in sharp down turns. There are four times when 

SVIX reach the extreme level of 50 percent – November 1997, October 1998, September 

2001 and October 2002. Figure 1 display’s the SVIX together with OMXS30 index 

between 4 January 1993 and 31 December 2004. The graph illustrates the concept of 

“fear gauge” because the periodic spikes in the level of implied volatility when the 

market is in sharp down turns. There are four times when SVIX reach the extreme level 

of 50 percent – November 1997, October 1998, September 2001 and October 2002.  

                                                 
6
 The yield of the Swedish Treasury Bill, 1 month (EcoWin AB, 2005). 
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3.2 The GARCH model 

Many financial time series exhibit volatility clustering, and the distinctive feature of the 

General Autoregressive Conditional Heteroskedasticity (GARCH) model is that it 

recognises that volatility is not constant over time. The Auto Regressive Conditional 

Heteroskedasticity (ARCH) model was first presented by Engle (1982) and its 

generalised version by Bollerslev (1986) is widely used, not only in equity market 

literature but also in the foreign exchange (FX) markets (Alexander, C. 2001, p. 73). The 

GARCH (p,q) model captures the clustering effects of volatility and if shocks, positive or 

negative, hit the market, these shocks are often followed by other large shocks of 

unpredictable sign (positive or negative movements). The GARCH (1,1) conditional 

variance is given by:  

 

       (7) 

   

 

where 

 

 

 

 

and St is the closing price of index at time t 

 

The size of the parameters α and β determines the short-run dynamic of the resulting 

volatility time series. Large GARCH lag coefficient β indicates that shocks to conditional 

variance take a long time to die out, which means that volatility is “persistent”. Large 

GARCH error or return coefficient α means that volatility reacts quite intensely to market 

movements, so if alpha is relatively high and beta relative low then the volatility tends to 

be more “spiky”. In financial markets, it is common to estimate lag (or “persistence”) 

coefficient β based on daily observations in excess of 0.8, and error (or “reaction”) 

coefficient α no more that 0.2 (Alexander, C. 2001, p. 73). The coefficientsω , α and β 

are estimated from the whole data period, 4 January 1993 to 31 December 2004 - a total 

of 3011 observations with MATLAB.  

4. Methods 

4.1 Valuation method 

When valuing options, all inputs are known beforehand except for future volatility. To 

examine whether the volatility forecast of SVIX exhibits any forecasting power. I use 

four different volatility inputs for each option valued; the level of SVIX, historic 

volatility, at-the-money implied volatility lagged one day i.e. if the option valued is a call 

option I use the at-the-money call implied volatility from previous day. And the average 

between the implied volatility lagged one day of one at-the-money call and one at-the-

money put option (AIV).  
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The historical volatility for the past 30 calendar days is computed with the model;  
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where  

 

ri = ln(St/St-1)  

and St is the index closing level of the index on day t 

 

4.2 Evaluation 

Following the methodology from Engström (2000), the different option prices, depending 

of volatility inputs in Black-Scholes model, are compared with the actual option prices 

observed in the market. I record the number of times the theoretical prices are observed 

inside the actual bid-ask spread in the market and a high “hit-ratio” inside the actual bid-

ask spread indicates good forecasting power. Moreover, the second evaluation technique 

I use is RMSE in SEK and MAPE; 
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where 

 

Et = Vt - Vt
b 

 

Et is the valuation error of time t 

Vt is the theoretical option price using the different volatility inputs at time t 

Vt
b
 is the mid point between the actual bid-ask spread observed in the market. 

4.3 Relative method 

Because the SVIX uses options with two different maturities, and always predicts the 

future volatility for the coming 30 calendar days (22 trading days), the SVIX level at t0 is 

the future point prediction of the volatility in 30 calendar days
7
.  

 

                                                 
7
 Think of SVIX as an option with a constant 30 calendar days maturity that never expires. Because end-of-

day data is used, time t0 is after the close of the trading day.  
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From Hull (2003) future volatility forecasts is produce by the GARCH (1,1) model: 
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. Following the methodology from Corrado and Miller (2005) the realized annualised 

index return volatility within month m is computed using the model 

 























−

−
= ∑ ∑

= =

m mn

d

n

h

mh

m

md

m

m r
n

r
n

Vol
1

2

1

,,

1

1

252
*

22

30
    (12) 

where 

rd,m is the index return on day d in month m
8
 

nm is the number of trading days in month m 

 

The volatility measure Volm is computed separately in each month, and represents a series 

of non-overlapping monthly return standard deviations for the OMXS30 index. The 

adjustment factor 
22

30  embedded in equation (12) conforms to the same 22 trading 

days’ basis with which the SVIX is calibrated. This calibration is necessary to achieve 

comparability to a 22 trading-day basis (Fleming, Ostidiek and Whaley, 1995). The 

realized volatility is the benchmark in the relative method. 

 

4.4 Evaluation 

The OLS regression is estimated with: 

 

       (13) 

 

Where RVt is the realized volatility, VFt is the volatility forecast, α is the intercept and β 

is the regression coefficient. All regressions are based on Newey-West (1987) standard 

error because the forecasts show strong presence of positive autocorrelation. 

 

I use RMSE and R
2
 from the regressions to evaluate the empirical findings: 

 

RMSE = 
N
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where 

 

Et = Vpf – Vr 
 

                                                 
8
 Index return is defined as ln(Si/Si-1), where Si is the closing level of the index at day i. 

ttt VFRV εβα ++=
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Et is the error of time t 

Vpf  is the point forecast produced by SVIX or GARCH 

Vr 
 
is realized volatility. 

5 Empirical results 

I divided the empirical results regarding the valuation method in three sections. Section 

5.1 contains the complete time period (c p) and in section 5.2 I evaluate the findings 

before the split (b s) and after the split (a s). In the third and last part, section 5.3, I 

present the results from the relative method
9
.  

5.1 Valuation method – complete time period 

Table 1 contains the result of the valuation method for the complete time period (c p) for 

calls and (puts).  A total of 720 options between 4 January 1993 and 31 December 2004 

are valued.  

 

Second to fourth columns illustrate which kind of volatility type is used for calculating 

the theoretical prices using the Black-Scholes model. Column two contains all options 

valued with SVIX as the volatility input and column three displays the historical 

volatility. Column four encloses the one day lagged implied volatility and column five 

displays the AIV volatility input.  

 

Row two, six, ten and fourteen display the number of calls (puts) valued depending on 

moneyness. Row four, eight, twelve and sixteen shows the number of calls (puts) 

recorded inside the actual bid-ask spread.  Row five, nine, thirteen and seventeen contains 

the percentage inside the spread. 

 

Table 1: Number of valued options inside actual bid-ask spread, complete period (c p) 

 

Volatility  type SVIX Historical Implied  at  t-1 
Average 

Implied at t-1 

Panel A; all options     

Moneyness All options All options All options All options 

Valued options c  p 346 (374) 346 (374) 346 (374) 346 (374) 

Inside spread c  p 136 (93) 57 (77) 60 (50) 140 (119) 

% inside spread c p 39.31 (24.87) 16.47 (20.59) 17.34 (13.37) 40.46 (31.82) 

                                                 
9
 In appendix, table A 11 and A 12 displays the complete time period together with before and after the 

split in one table for easy comparison between the different parts. 

 



 13 

Panel B; ATM options     

Moneyness ATM options ATM options ATM options ATM options 

Valued options c p 141 (139) 141 (139) 141 (139) 141 (139) 

Inside spread c p 52 (30) 20 (24) 17 (15) 60 (44) 

% inside spread cp 36.88 (21.58) 14.18 (17.27) 12.01 (10.79) 42.56 (31.65) 

Panel C; ITM options     

Moneyness ITM options ITM options ITM options ITM options 

Valued options c p 136 (135) 136 (135) 136 (135) 136 (135) 

Inside spread cp  58 (38) 23 (32) 26 (17) 48 (53) 

% inside spread c p 42.65 (28.15) 16.91 (28.15) 19.12 (12.59) 35.29 (39.26) 

Panel D; OTM options     

Moneyness OTM options OTM options OTM options OTM options 

Valued options c p 72 (98) 72 (98) 72 (98) 72 (98) 

Inside spread c p  26 (24) 16 (19) 20 (17) 35 (21) 

% inside spread c p 36.11 (24.49) 22.22 (19.39) 27.78 (17.35) 48.61 (21.43) 

Table 1 present’s number of call (put) options recorded inside actual bid-ask spread for the complete time 

period (4 January 1993 to 31 December 2004). Panel A display all options regardless of moneyness. In panel 

B through D the options are divided by moneyness. The higher the score (% inside spread), the better a 

model’s forecasting performance. The bold scores mark the best performance. 

 

 

For all call options, SVIX do not manage to produce more calls inside the bid-ask spread 

compared to AIV. SVIX produce 39.31 percent inside the bid-ask spread and AIV 

produce 40.46 percent inside the spread. When evaluating the at-the-money (ATM) call 

options, AIV outperforms SVIX with 42.56 percent compared to 36.88 percent. In the 

case of in-the-money (ITM) call options SVIX manage to outperform AIV with 42.65 

percent to 35.29 percent. When using SVIX to value out-of-the-money (OTM) call 

options, AIV outperforms SVIX with 48.61 percent compared to 36.11 percent.  

 

Using historical volatility and the one day lagged implied volatility the results are mixed 

but overall not as good as SVIX or AIV.     

 

Evaluating the results for all put options, AIV outperforms SVIX for all options with 

31.82 percent inside the spread compared to 24.87 percent. The next moneyness level, at-
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the-money, AIV produce 31.65 percent inside the spread compared to 21.58 percent for 

SVIX. The same result is also valid regarding in-the-money put options where AIV 

generates a better result with 39.26 percent compared to 28.15 percent for SVIX and 

historical volatility. In the case of the out-of-the-money put options SVIX manage to 

produce more options inside the bid-ask spread with 24.49 percent compared to AIV with 

21.43 percent.  

 

Comparing historical volatility and the one day lagged implied volatility for put options 

the result is poor and do not generate better results on any moneyness level in contrast to 

SVIX or AIV. 

 

Table 2: RMSE in SEK and MAPE in percent for calls and (puts), complete time period 

 

Volatility  type SVIX Historical Implied  at  t-1 
Average 

Implied at t-1 

Panel A; all options     

Moneyness All options All options All options All options 

RMSE c p 5.90 (4.84) 7.93 (7.02) 9.29 (7.31) 7.25 (4.11)  

MAPE c p 13.72 (60.06) 45.14 (802.89) 46.09 (145.44) 15.03 (72.55) 

Panel B; ATM options     

Moneyness ATM options ATM options ATM options ATM options 

RMSE c p 5.61 (5.53) 7.87 (8.23) 8.85 (8.49) 4.32 (4.04) 

MAPE c p 9.33 (10.01) 21.20 (24.68) 21.92 (21.34) 8.63 (10.33) 

Panel C; ITM  options     

Moneyness ITM options ITM options ITM options ITM options 

RMSE c p 7.26 (5.49) 9.32 (7.74) 9.62 (7.97) 7.51 (5.06) 

MAPE c p 6.54 (14.78) 12.38 (17.95) 11.93 (15.39) 10.87 (15.84) 

Panel D; OTM options     

Moneyness OTM options OTM options OTM options OTM options 

RMSE c p 2.00 (1.92) 3.53 (2.96) 5.92 (3.76) 2.15 (2.42) 

MAPE c p 35.56 (193.67) 
151.64 

(3003.98) 
157.88 (502.97) 34.05 (239.64) 

Table 2 presents root mean square (RMSE) in SEK and mean average percent error (MAPE), complete time 

period (4 January 1993 to 31 December 2004). Panel A display all options regardless of moneyness. In panel 
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B through D the options are divided by moneyness. The lower scores, the better a model’s forecasting 

performance. The bold scores mark the best performance. 

 

Evaluating the RMSE of all call options first, SVIX has lower RMSE value of 5.90 SEK 

compared to 7.25 SEK for AIV. The next moneyness level, at-the-money call options, 

AIV outperforms SVIX with a value of 4.32 SEK compared to 5.61 SEK. The next 

moneyness levels, in-the-money and out-the-money options, SVIX display better results 

than AIV.  

 

Evaluating MAPE for all call options the results are mixed between SVIX and AIV. 

SVIX produce better results than AIV for all options with a MAPE of 13.72 percent 

compared to the AIV value of 15.03 percent. The next moneyness level, at-the-money 

option, the AIV MAPE is 8.63 percent compared to 9.33 for SVIX. The SVIX MAPE of 

in-the-money call options is 6.54 percent compared to 10.87 percent for AIV. In the case 

of the last moneyness level, out-of-money options,  the difference is small but AIV has 

slightly lower MAPE of 34.05 percent compared to SVIX MAPE of 35.56 percent. 

 

Evaluating put options, AIV outperforms SVIX on all moneyness levels except the out-

of-money put options when looking at the RMSE values. For all put options, AIV has 

RMSE of 4.11SEK and SVIX 4.84 SEK. In the case of at-the-money put options AIV has 

a value of 4.04 SEK compared to the SVIX RMSE of 5.53 SEK. The same is true for in-

the-money puts where AIV has the lower value of 5.06 SEK and SVIX slightly higher at 

5.49 SEK. The last moneyness level, out-of-money put options, SVIX have a lower 

RMSE value of 1.92 SEK compared to AIV of 2.42 SEK.  

 

Looking at MAPE for the put options it is the other way around and SVIX outperforms 

AIV on all moneyness levels with lower MAPE values. Evaluating all put options SVIX 

error is 13.72 percent compared to the AIV error of 15.03 percent. Comparing at-the-

money put options the difference is minuscule with a small advantage for SVIX. The next 

moneyness level, in-the-money put options, SVIX have a lower MAPE of 14.78 percent 

compared to the lagged one day implied volatility error of 15.39 percent. Finally, the 

MAPE of out-of-money put options of SVIX is 193.67 percent and compared to the AIV 

error of 239.64 percent. 

 

Using historical or the lagged implicit volatility produce much higher errors both in terms 

of RMSE and MAPE and can not compete with SVIX or AIV volatility inputs.  

5.2 Valuation method – before and after split 

Table 3 reports the number of times the theoretical option value is recorded inside the 

actual bid-ask spread before the split (b s) and after the split (a s). The call (put) options 

are divided in the same moneyness level.    
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Table 3: Number of valued options inside actual bid-ask spread 

before - and after the split in OMX30 Index.  

 

Volatility  type SVIX Historical  Implied  at  t-1 
Average 

Implied at t-1 

Panel A; all options      

Moneyness All options All options All options All options 

Valued options b s 138 (159) 138 (159) 138 (159) 138 (159) 

Inside spread b s 42 (27) 14 (19) 23 (15) 41 (36) 

% inside spread b s 30.43 (16.98) 10.14 (11.95) 16.67 (9.43) 29.71 (22.64) 

Valued options a s 208 (215) 208 (215) 208 (215) 208 (215) 

Inside spread a s 94 (66) 43 (19) 37 (35) 99 (83) 

% inside spread a s 45.19 (30.70) 20.67 (8.84) 17.79 (16.28) 47.60 (38.60) 

Panel B; ATM  options     

Moneyness ATM options ATM options ATM options ATM options 

Valued options b s 66 (62) 66 (62) 66 (62) 66 (62) 

Inside spread b s 17 (12) 7 (7) 8 (6) 19 (15) 

% inside spread b s 26.76 (19.35) 10.61 (11.29) 12.12 (9.68) 28.79 (24.19) 

Valued options a s 75 (77) 75 (77) 75 (77) 75 (77) 

Inside spread a s 35 (18) 13 (17) 9 (9) 41 (29) 

% inside spread a s 46.67 (23.38) 17.33 (22.08) 12.00 (11.69) 54.67 (37.66) 

Panel C; ITM  options     

Moneyness ITM options ITM options ITM options ITM options 

Valued options b s 61 (62) 61 (62) 61 (62) 61 (62) 

Inside spread b s 19 (12) 8 (10) 15 (6) 16 (19) 

% inside spread b s 31.15 (19.35) 13.11 (16.13) 24.59 (9.68) 26.23 (30.65) 

Valued options a s 75 (73) 75 (73) 75 (73) 75 (73) 
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Inside spread a s 39 (26) 15 (22) 11 (11) 32 (34) 

% inside spread a s 52.00 (35.62) 20.00 (30.14) 14.67 (15.07) 43.67 (46.58) 

Panel D; OTM  options     

Moneyness OTM options OTM options OTM options OTM options 

Valued options b s 15 (35) 15 (35) 15 (35) 15 (35) 

Inside spread b s 7 (3) 1 (2) 3 (3) 8 (2) 

% inside spread b s 46.67 (8.57) 6.67 (5.71) 20.00 (8.57) 53.33 (5.71) 

Valued options a s 57 (63) 57 (63) 57 (63) 57 (63) 

Inside spread a s 19 (21) 15 (17) 17 (14) 27 (19) 

% inside spread a s 33.33 (33.33) 26.32 (26.98)  29.82 (22.22) 47.37 (30.16) 

Table 3 presents number of call (put) options recorded inside actual bid-ask spread. The time period is 

divided before the split, January 1994 to April 1987, (b s) and after the split, May 1987 to December 2004, 

(a s) in OMXS30 Index. Panel A display all options regardless of moneyness. In panel B through D the 

options are divided by moneyness. The higher the score, the better a model’s forecasting performance. The 

bold scores mark the best performance. 

 

For all call options before the split, SVIX generates more calls inside the bid-ask spread 

compared to AIV. SVIX produce 30.43 percent inside the bid-ask spread and AIV 

produce 29.71 percent. After the split AIV produce more calls inside the spread than 

SVIX, 47.60 percent of the former and 45.19 percent of the latter volatility. The number 

of times the theoretical price using SVIX volatility are recorded inside the bid-ask spread 

is lower both before and after the split compared to AIV when evaluating at-the-money 

call options. In the case of in-the-money call options SVIX manage to outperform AIV 

both before and after the split.  AIV outperforms SVIX both before and after the split on 

the out-of-the-money call options,  

 

When evaluating the data for put options, AIV outperforms SVIX on all moneyness 

levels and produces more options inside the bid-ask spread both before and after the split 

except in the case of the out-of-money put options.  

 

Interestingly on all moneyness levels except the deep out-of-money call options the 

number of times the theoretical value is recorded inside the bid-ask spread is greater after 

the split compared to before the split. This is also a fact when looking at the put options 

but with the remark that is true on all moneyness levels.  
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Table 4: RMSE in SEK and MAPE for calls and (puts) before the split (b s)  

and after the split (a s). 

 

Volatility  type SVIX Historical  Implied  at  t-1 
Average 

Implied at t-1 

Panel A; all  options     

Moneyness All options All options All options All options 

RMSE b s 7.49 (6.57)  9.74 (9.30) 9.45 (7.91)  6.23 (4.89) 

RMSE a s 4.54 (2.97) 6.46 (4.67) 9.18 (6.83) 7.85 (3.43) 

MAPE b s 11.77 (93.77) 44.38 (1558.61) 40.58 (173.44) 12.79 (99.93) 

MAPE a s 15.01 (35.13) 45.64 (244.01) 49.75 (124.73) 16.51 (52.30) 

Panel B; ATM  options     

Moneyness ATM options ATM options ATM options ATM options 

RMSE b s 7.51 (7.64) 9.99 (10.92) 9.82 (9.29) 5.43 (4.33) 

RMSE a s 3.08 (2.85) 5.35 (5.13) 7.90 (7.78) 3.04 (3.78) 

MAPE b s 10.77 (10.97) 22.57 (32.96) 22.26 (19.93) 9.96 (11.66) 

MAPE a s 8.06 (9.24) 19.99 (18.23) 21.61 (22.47) 7.45 (9.26) 

Panel C; ITM  options     

Moneyness ITM options ITM options ITM options ITM options 

RMSE b s 7.81 (7.01) 10.16 (9.78) 9.38 (8.10) 7.63 (6.13) 

RMSE a s 6.77 (3.57) 8.57 (5.44) 9.81 (7.86) 7.40 (3.93) 

MAPE b s 6.53 (24.27) 12.05 (27.80) 9.84 (18.20) 11.82 (26.92) 

MAPE a s 6.55 (6.72) 12.65 (9.59) 13.63 (13.00) 10.10 (6.42) 

Panel D; OTM  options     

Moneyness OTM options OTM options OTM options OTM options 

RMSE b s 3.10 (2.34) 3.30 (3.53) 6.05 (3.91) 1.80 (2.96) 

RMSE a s 1.60 (1.63) 3.59 (2.59) 6.12 (3.68) 2.23 (2.07) 

MAPE b s 35.60 (363.58) 
261.37 

(6973.38) 
236.17 (720.40) 31.81 (385.64) 

MAPE a s 35.55 (99.28) 122.77 (798.76) 137.28 (382.18) 35.27 (158.52) 
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Table 4 presents root mean square (RMSE) in SEK and mean average percent error (MAPE). The time 

period is divided before the split, January 1994 to April 1987, (b s) and after the split, May 1987 to 

December 2004, (a s) in OMXS30 Index. Panel A display all options regardless of moneyness. In panel B 

through D the options are divided by moneyness. The lower scores, the better a model’s forecasting 

performance. The bold scores mark the best performance. 

 

For all call options AIV has a lower RMSE of 6.23 SEK before the split whereas   SVIX 

has the lowest RMSE of 4.54 SEK after the split. In the case of at-the-money call options, 

AIV outperforms SVIX both before and after the split with lower RMSE. AIV has lower 

RMSE before the split for the in-the-money call options with 7.63 SEK but after the split 

SVIX RMSE is lower with 6.77 SEK. Evaluating out-of-money call options, AIV do 

better than SVIX with a RMSE of 1.80 SEK compared to 3.10 SEK before the split. And 

finally, after the split SVIX manage to generate lower RMSE of 1.60 SEK compared to 

2.23 SEK for AIV. 

   

Comparing the level of RMSE for all call options before and after the split, the RMSE are 

smaller after the split across all moneyness levels and also across the different volatility. 

 

When evaluating MAPE between SVIX and AIV on call options, SVIX generates lower 

MAPE both before and after the split for all call options and in-the-money call options, 

whereas AIV outperforms SVIX in the case of at-the-money and out-of-the money call 

options. 

 

For all put options AIV generates a lower RMSE of 4.89 SEK before the split compared 

to SVIX RMSE of 6.57 SEK after the split. At the next level, at-the-money call options, 

AIV outperforms SVIX before the split with a lower RMSE of 4.33. After the split SVIX 

have lower RMSE then AIV. AIV has a RMSE of 6.13 SEK before the split and top 

SVIX, but after the split SVIX produce lower RMSE of 3.57 SEK when comparing at the 

in-the-money call options. This is also true in the case of out-of-money call options where 

AIV do better than SVIX both before the split and SVIX better after.  

 

When considering MAPE on put options between SVIX and AIV, SVIX generate the 

lowest MAPE both before and after the split for all put options, at-the-money put options 

and, out-of-money put options. Before the split the lagged one day implied put volatility 

outperforms SVIX on the in-the-money put options with lower MAPE but after the split 

AIV generates the lowest MAPE.  

5.3 Relative method  

The following table reports the data from 140 non-overlapping volatility point forecasts 

between 3 January 1994 and 31 December 2004. The RMSE in columns one, two and 

three is the illustrates the root mean square error (RMSE), and columns four, five and six 

show the coefficient of determination (R
2
) level from OLS regression where realized 
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volatility is the depended variable and the different volatility forecasts is the explanatory 

variable. I excluded the t-ratio because the slope of β is significant in all regresions with 

t-ratios over 11.  

 

Table 5: 

Descriptive statistics, RMSE and  R
2
 complete time period 

 

RMSE R
2
  

SVIX GARCH 

(1,1) 

AIV SVIX GARCH (1,1) AIV 

7.00 7.91 7.00 61.25 % 50.43  % 61.15 % 

Table 5 reports the descriptive statistics from 140 volatility point forecasts between 3 January 1994 and 31 

December 2004. RMSE - the lower scores, the better a model’s forecasting performance. R
2
 - the higher 

scores, the better a model’s forecasting performance. The bold scores mark the best performance. 

 

Table 5  that the volatility forecasts using SVIX or AIV are better both in terms of RMSE 

and R
2
 compared to GARCH (1,1) forecasts. Between SVIX and AIV the RMSE. and R

2
 

are almost identical. 
 

 

Table 6: Descriptive statistics before and after split. 

 

RMSE R
2
  

 SVIX GARCH 

(1,1) 

AIV SVIX GARCH (1,1) AIV 

b s   4.25 4.37 4.36 30.20 % 25.98 % 26.59 % 

a s 7.77 9.46 8.11 61.40 % 42.72  % 58.00 % 

Table 6 reports the descriptive statistics before the split (b s) and after the split (a s) in OMXS30 Index. 

Before the split (January 1994 to April 1987) a total of 63 non-overlapping volatility point forecasts are 

produced and 77 after the split (May 1987 to December 2004). RMSE - the lower scores, the better a 

model’s forecasting performance. R
2
 - the higher scores, the better a model’s forecasting performance. The 

bold scores mark the best performance. 

 

Both in terms of RMSE and R
2
, SVIX outperforms the GARCH (1,1) model and AIV.  

6. Concluding remarks 

The aim of this paper is to examine the forecast quality of a new implied volatility index 

for the Swedish market (SVIX). Moreover, in order to increase investor accessibility and 

try to boost the option and futures market liquidity the OMX Stockholm 30 (OMXS30) 

index was split with a factor of 1:4 in 1998. According to Nordén (2005) bid-ask spreads 

are wider and trading volume is lower in the options market following the new design. 

Therefore, I evaluate the quality of volatility forecasts before and after the split to answer 
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the question if liquidity affects the quality of volatility forecasts. To answer these 

questions, I use two different methods. 

 

In the first method, I calculate theoretical option prices using four different volatility 

inputs. To evaluate the findings, I use two evaluation routines: Firstly, I record the 

number of times the theoretical prices are observed inside the actual bid-ask spread in the 

market. Secondly, I evaluate the empiric data using root mean square error (RMSE) and 

mean absolute percent error (MAPE). Clear evidence points out that using historical 

volatility or lagged one day implied volatility will generate the worst results. These two 

volatility inputs in the theoretical option valuation model do not produce accurate results 

when looking at the complete time period nor divided before and after the split. 

Moreover, these two volatility inputs generate poor results across all moneyness levels. 

Comparing the volatility index SVIX with average between the implied volatility lagged 

one day of one at-the-money call and one at-the-money put option (AIV) the results are 

diverted. For all call and put options AIV have higher percentage of the theoretical 

valued options inside the bid-ask spread compared to SVIX. For all call options the SVIX 

root mean square error (RMSE) is the smallest and AIV generate the smallest RMSE for 

all put options. Evaluating the mean absolute percentage error (MAPE) for all options, 

SVIX have lowest error both for call and puts.  

 

Dividing the time period in two sections, before and after the split, SVIX generates more 

calls inside the bid-ask spread than AIV before the split. But when looking at put options, 

AIV is the best volatility input to use. After the split, AIV outperforms SVIX both in the 

case of call and put options. Moreover, on all moneyness levels except the deep out-of-

money call options the number of times the theoretical value is recorded inside the bid-

ask spread are higher after the split compared to before the split. This is also a fact when 

looking at put options but with the remark that it is true on all moneyness levels. These 

findings supports that the bid-ask spreads are wider after the split (Nordén, 2005). With 

wider bid-ask spreads the probability is higher that a theoretical option price is recorded 

inside the spread. Before the split when using AIV as the volatility input, it generates the 

lowest RMSE for both call and put options. After the split SVIX produces the lowest 

RMSE for both call and put options. Comparing the MAPE errors between SVIX and 

AIV, SVIX outperforms AIV before and after the split for both call and put options. 

Evidence does not point in any direction when evaluating the levels the MAPE before 

and after the split. This indicates that the quality of volatility forecasts is of the same 

quality before and after the split.   

 

In the second method, I appraise the quality of SVIX and AIV volatility forecasts to 

GARCH (1,1) forecasts, GARCH being a model based on the past behaviour of asset 

prices. I run Newey-West (1987) corrected OLS regressions with realized volatility as the 

depended variable and the different volatility forecasts as the explanatory variable. A 

total of 140 non-overlapping volatility point forecasts between 3 January 1994 and 31 

December 2004 are made and SVIX and AIV clearly outperforms the GARCH (1,1) 
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model both in terms of root mean square error (RMSE) and correlation coefficient of 

determination (R
2
). This is also true when evaluating the quality of volatility forecasts 

before and after the split. The volatility forecasts of SVIX and AIV is of higher quality 

both before and after the split compared to forecasts produced by the GARCH (1,1) 

model.  

 

Because the results are diverted the question arises whether to use the AIV volatility or 

the Swedish volatility index (SVIX) when volatility forecasts are needed? The main 

advantage with the AIV volatility (average between implied volatility lagged one day of 

one at-the-money call and one at-the-money put option) lies in the convenient method to 

compute it. The only data needed are the prices of two ATM options and the Black-

Scholes model. Although the SVIX incorporates much more information the quality of 

volatility forecast is not benefiting from the larger information content and therefore it is 

indifferent if volatility forecasts from SVIX or AIV are used.    
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Appendix 

Guide to Calculate SVIX 

An step-by-step example of how to calculate SVIX for one day. The guide is based on the 

document from CBOE (www.CBOE.com, 2005). 

 

The generalized formula used in the SVIX calculation is; 
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where 

T is time to expiration 

F forward index level derived from index option prices 

Ki strike price of i 
th

 out-of-the money option; a call if Ki > F and a put if Ki < F 

∆Ki  interval between strike prices – half the distance between the strike on either 

 side of Ki 
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K0 First strike price below the forward index level, F 

R Risk free rate
12

 

Q(Ki) The midpoint of the bid-ask spread for each option with strike price Ki 

 

The options used in this hypothetical example have 17 respectively 45 days to expiration. 

Generally two of the nearest term expiation month is used in the calculations in order to 

bracket a 30- day calendar period. However with 8 days left to expiration of the nearest 

term option the calculation rolls over to the second and third contract month. This is done 

to eliminate or minimize any pricing anomalies that might occur close to the expiration. 

 

Because end-of-day data is used the time for the calculation of SVIX is assumed to be at 

17.30 (CET). Time to expiration, T, is measured in minutes rather than days. Time to 

expiration is given by following expression; 

 

                                                 
11

 ∆K for the lowest strike price is simply the difference between the lowest strike price and the next higher 

strike price. Likewise, ∆K for the highest strike price is the difference between the highest strike price and 

the next lower strike. 

 
12

 The risk free rate used for SVIX is the 3 moth SSVX rate. 
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T = (M Current day + M Settlement day + M Other days) / Minutes in a year 

 

where 

 

M Current day = number of minutes remaining until midnight of the current day 

M Settlement day = number of minutes from midnight until 09.00 on settlement day     

M Other days = Total of minutes in the days between current day and settlement day 

 

Therefore using 17.30 as time for the calculation the time for expiration for the near term 

and next term options, T1 and T2 respectively is; 

 

T1 = (390 + 540 + 21600) / 525 600 = 0.0428652968 

 

T2 = (390 + 540 + 61920) / 525 600 = 0.1195776256 

 

 

 

The risk free rate, r, is assumed to be 2 %. For the sake of simplicity the same number of 

options is used for each contract month and the interval between strike prices is uniform. 

In practice there may be different options used in the near term and next term and the 

interval between strike prices may be different. 

 

Step 1 – Select the options to be used in the calculation 

 

For each contract month:  

Determine the forward index level, F, based on at-the-money (ATM) option prices. The 

ATM strike is the price which the difference between the call and put price is smallest. 

As shown in Table A7 and Table A8 the difference between the call and put is smallest at 

the 810 strike in both the near and next term. 

 

 

Near Term Option 

Strike Price Call Mid Quote price Put Mid Quote Price Difference 

760 56 2.75 53.25 

770 47 3.65 43.35 

780 38.25 5.125 33.125 

790 29.75 7.25 22.5 

800 23.125 10.375 12.75 

810 16.125 13.625 2.5 

820 11 18.25 7.25 

830 6.5 23.75 17.25 

840 3.875 31 27.125 

850 2.25 43 40.75 

860 1 52 51 

Table A7 
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Next Term Option 

Strike Price Call Mid Quote price Put Mid Quote Price Difference 

760 64 10.75 53.25 

770 56 12.5 43.5 

780 50 16 34 

790 42.5 18.625 23.875 

800 35.625 21.5 14.125 

810 29.375 25.375 4 

820 23.875 29.75 5.875 

830 18.5 35.125 16.625 

840 14.25 41 26.75 

850 11.625 51 39.375 

860 8.75 59 50.25 

Table A8 

 

The formula used to calculate the forward index level is; 

 

F1 = 810 + e 
(0.02 + 0.0428652968)

 * (16.13-13.63) = 812.50 

F2 = 810 + e 
(0.02 + 0.1195776256)

 * (29.38-25.38) = 814.01 

 

Next determine K0 – the strike price immediately below forward index level, F. In this 

example, K0 = 810 for both expirations.  

 

Sort all of the options in ascending order by strike price. Select call options that have 

strike price greater than K0 and a non-zero bid price. After encountered two consecutive 

calls with a bid price of zero, do not select any other calls. Next select put options that 

have strike prices less than K0 and a non zero bid price. After encountered two 

consecutive puts with a bid price of zero, do not select any other puts. Select both the 

puts and call with strike price K0 and then average the quoted bid-ask prices for each 

option. Notice that two options are selected at K0 while a single option, either a put or a 

call, is used for every other strike price. This is done to center the strip of options around 

K0. In order to avoid double counting the put and call prices at K0 are averaged to arrive 

at a single value. The price used for the 810 strike in near term is therefore (16.13 + 

13.63) / 2 = 14.88 and the price used in the next term is (29.38 + 25.38) / 2 = 27.38. 
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Table A9 and A10 illustrate this step;  

 

 
Near Term 

Strike Option Type Mid Quote Price Contribution of Strike 

760 Put 2.75 0.000047652 

770 Put 3.65 0.000061615 

780 Put 5.125 0.000084310 

790 Put 7.25 0.000116267 

800 Put 10.375 0.000162248 

810 Put/Call Average 14.88 0.000226913 

820 Call 11 0.000163733 

830 Call 6.5 0.000094434 

840 Call 3.875 0.000054965 

850 Call 2.25 0.000031169 

860 Call 1 0.000013532 

( )2

2

1

2
1

1
2

i

RT

i
i

i KQe
K

T K
∑

∆
=σ  

 

  

0.049087097 

Table A9 

 

 

 
Next Term 

Strike Option Type Mid Quote Price 

Contribution of 

Strike 

760 Put 10.75 0.000181746 

770 Put 12.5 0.000211333 

780 Put 16 0.000263615 

790 Put 18.625 0.000299144 

800 Put 21.5 0.000336742 

810 Put/Call Average 27.38 0.000418237 

820 Call 23.875 0.000355922 

830 Call 18.5 0.000269187 

840 Call 14.25 0.000202439 

850 Call 11.625 0.000161285 

860 Call 8.75 0.00011859 

 

( )2

2

2

2
2

2
2

i

RT

i
i

i KQe
K

T K
∑

∆
=σ  

  

0.046931672 

 

Table A10 

 



 29 

Step 2 – Calculate volatility for both near term and next term options 

 

Applying the formula (A17) for calculating the near term (σ
2

1) and next term (σ
2
2) 

options with time to expiration T1 and T2 
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The SVIX is an amalgam of the information reflected in the prices of all the options used. 

The contribution of a single option to the SVIX value is proportional to the price of that 

option and inversely proportional to the options strike price. For example the contribution 

of the near term 760 put (see column 4, row 1 in table 3) is given by; 

 

 

( )PutQe
RT

Put

Put

K

K
7601

2

760

760
∆

 

 

Generally ∆Ki is half the distance between strike on either side of Ki but the upper and 

lower edges of any given strip options ∆Ki  is simply the difference between Ki and the 

adjacent strike price. In this case 760 is the lowest strike in the strip of near term options 

and 770 happens to be the adjacent strike price. Therefore ∆K 760 put = 10 (i.e. 770-760) 

and  

 

( )PutQe
RT

Put

Put

K

K
7601

2

760

760
∆

 = )75.2(*
760

10 )0428652968.0*02.0(

2
e = 0.000047652 

 

A similar calculation is performed for each option. The resulting values for the near term 

options are then summed and multiplied by 2/T1 (see last column in Table A9). Likewise 

the resulting values for next term options are summed and multiplied by 2/T2 (see last 

column in Table A10).  
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Next, calculate 
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 for the near term, T1, and next term, T2; 
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Now calculate σ
2

1 and σ
2
2 ; 

 

( )
2

0

1

1

2

1

2
1 1

12
1









−−

∆
= ∑

K

F

T
KQe

K

T
i

RT

i
i

i

K
σ =0.049309709 - 0.000222612 = 0.049087097 
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Step 3 – Interpolate σ
2

1 and σ
2

2 to arrive at a single value with a constant maturity of 30 days 

to expiration. Then take the square root of the value and multiply by 100 to get SVIX. 
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Where 

 

NT1 = number of minutes to expiration of the near term option (22 530)  

NT2 = number of minutes to expiration of the next term option (62 850) 

N30 = number of minutes in 30 days (30*1440 = 43 200) 

N365= number of minutes in a 365 day year (365*1440 = 525 600) 
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= 0.2179 

 

SVIX = 100 * σ = 21.79 on day t 
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Table A11: RMSE in SEK and MAPE for calls and (puts).  Complete time period (c p), 

before the split (b s) and after the split (a s). 

 

Volatility  type SVIX Historical  Implied  at  t-1 
Average 

Implied at t-1 

Moneyness All options All options All options All options 

RMSE complete period 5.90 (4.84) 7.93 (7.02) 9.29 (7.31) 7.25 (4.11)  

RMSE before split 7.49 (6.57)  9.74 (9.30) 9.45 (7.91)  6.23 (4.89) 

RMSE after split 4.54 (2.97) 6.46 (4.67) 9.18 (6.83) 7.85 (3.43) 

MAPE complete period 13.72 (60.06) 45.14 (802.89) 46.09 (145.44) 15.03 (72.55) 

MAPE before split 11.77 (93.77) 44.38 (1558.61) 40.58 (173.44) 12.79 (99.93) 

MAPE after split 15.01 (35.13) 45.64 (244.01) 49.75 (124.73) 16.51 (52.30) 

Moneyness ATM options ATM options ATM options ATM options 

RMSE complete period 5.61 (5.53) 7.87 (8.23) 8.85 (8.49) 4.32 (4.04) 

RMSE before split 7.51 (7.64) 9.99 (10.92) 9.82 (9.29) 5.43 (4.33) 

RMSE after split 3.08 (2.85) 5.35 (5.13) 7.90 (7.78) 3.04 (3.78) 

MAPE complete period 9.33 (10.01) 21.20 (24.68) 21.92 (21.34) 8.63 (10.33) 

MAPE before split 10.77 (10.97) 22.57 (32.96) 22.26 (19.93) 9.96 (11.66) 

MAPE after split 8.06 (9.24) 19.99 (18.23) 21.61 (22.47) 7.45 (9.26) 

Moneyness ITM options ITM options ITM options ITM options 

RMSE complete period 7.26 (5.49) 9.32 (7.74) 9.62 (7.97) 7.51 (5.06) 

RMSE before split 7.81 (7.01) 10.16 (9.78) 9.38 (8.10) 7.63 (6.13) 

RMSE after split 6.77 (3.57) 8.57 (5.44) 9.81 (7.86) 7.40 (3.93) 

MAPE complete period 6.54 (14.78) 12.38 (17.95) 11.93 (15.39) 10.87 (15.84) 

MAPE before split 6.53 (24.27) 12.05 (27.80) 9.84 (18.20) 11.82 (26.92) 

MAPE after split 6.55 (6.72) 12.65 (9.59) 13.63 (13.00) 10.10 (6.42) 

Moneyness OTM options OTM options OTM options OTM options 

RMSE complete period 2.00 (1.92) 3.53 (2.96) 5.92 (3.76) 2.15 (2.42) 

RMSE before split 3.10 (2.34) 3.30 (3.53) 6.05 (3.91) 1.80 (2.96) 
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RMSE after split 1.60 (1.63) 3.59 (2.59) 6.12 (3.68) 2.23 (2.07) 

MAPE complete period 35.56 (193.67) 
151.64 

(3003.98) 
157.88 (502.97) 34.05 (239.64) 

MAPE before split 35.60 (363.58) 
261.37 

(6973.38) 
236.17 (720.40) 31.81 (385.64) 

MAPE after split 35.55 (99.28) 122.77 (798.76) 137.28 (382.18) 35.27 (158.52) 

Table A11 presents root mean square (RMSE) in SEK and mean average percent error (MAPE). Table A11 

displays the complete time period 4 January 1993 to 31 December 2004. Divided before the split, January 

1994 to April 1987, (b s) and after the split, May 1987 to December 2004, (a s) in OMXS30 Index. The 

lower scores, the better a model’s forecasting performance.  

 

Table A12: Number of valued options inside actual bid-ask spread. 

Complete period (c p), before split (b s) and after split (a s) 

 

Volatility  type SVIX Historical  Implied  at  t-1 
Average 

Implied at t-1 

Moneyness All options All options All options All options 

Valued options c  p 346 (374) 346 (374) 346 (374) 346 (374) 

Inside spread c  p 136 (93) 57 (77) 60 (50) 140 (119) 

% inside spread c p 39.31 (24.87) 16.47 (20.59) 17.34 (13.37) 40.46 (31.82) 

Valued options b s 138 (159) 138 (159) 138 (159) 138 (159) 

Inside spread b s 42 (27) 14 (58) 23 (15) 41 (36) 

% inside spread b s 30.43 (16.98) 10.14 (36.48) 16.67 (9.43) 29.71 (22.64) 

Valued options a s 208 (215) 208 (215) 208 (215) 208 (215) 

Inside spread a s 94 (66) 43 (19) 37 (35) 99 (83) 

% inside spread a s 45.19 (30.70) 20.67 (8.84) 17.79 (16.28) 47.60 (38.60) 

Moneyness ATM options ATM options ATM options ATM options 

Valued options c p 141 (139) 141 (139) 141 (139) 141 (139) 

Inside spread c p 52 (30) 20 (24) 17 (15) 60 (44) 

% inside spread cp 36.88 (21.58) 14.18 (17.27) 12.01 (10.79) 42.56 (31.65) 

Valued options b s 66 (62) 66 (62) 66 (62) 66 (62) 

Inside spread b s 17 (12) 7 (7) 8 (6) 19 (15) 
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% inside spread b s 26.76 (19.35) 10.61 (11.29) 12.12 (9.68) 28.79 (24.19) 

Valued options a s 75 (77) 75 (77) 75 (77) 75 (77) 

Inside spread a s 35 (18) 13 (17) 9 (9) 41 (29) 

% inside spread a s 46.67 (23.38) 17.33 (22.08) 12.00 (11.69) 54.67 (37.66) 

Moneyness ITM options ITM options ITM options ITM options 

Valued options c p 136 (135) 136 (135) 136 (135) 136 (135) 

Inside spread cp  58 (38) 23 (32) 26 (17) 48 (53) 

% inside spread c p 42.65 (28.15) 16.91 (28.15) 19.12 (12.59) 35.29 (39.26) 

Valued options b s 61 (62) 61 (62) 61 (62) 61 (62) 

Inside spread b s 19 (12) 8 (10) 15 (6) 16 (19) 

% inside spread b s 31.15 (19.35) 13.11 (16.13) 24.59 (9.68) 26.23 (30.65) 

Valued options a s 75 (73) 75 (73) 75 (73) 75 (73) 

Inside spread a s 39 (26) 15 (22) 11 (11) 32 (34) 

% inside spread a s 52.00 (35.62) 20.00 (30.14) 14.67 (15.07) 43.67 (46.58) 

Moneyness OTM options OTM options OTM options OTM options 

Valued options c p 72 (98) 72 (98) 72 (98) 72 (98) 

Inside spread c p  26 (24) 16 (19) 20 (17) 35 (21) 

% inside spread c p 36.11 (24.49) 22.22 (19.39) 27.78 (17.35) 48.61 (21.43) 

Valued options b s 15 (35) 15 (35) 15 (35) 15 (35) 

Inside spread b s 7 (3) 1 (2) 3 (3) 8 (2) 

% inside spread b s 46.67 (8.57) 6.67 (5.71) 20.00 (8.57) 53.33 (5.71) 

Valued options a s 57 (63) 57 (63) 57 (63) 57 (63) 

Inside spread a s 19 (21) 15 (17) 17 (14) 27 (19) 

% inside spread a s 33.33 (33.33) 26.32 (26.98)  29.82 (22.22) 47.37 (30.16) 

Table A12 present’s number of call (put) options recorded inside actual bid-ask spread for the complete time 

period (c p) 4 January 1993 to 31 December 2004, before split in OMXS30 Index (b s) January 1994 to April 

1987 and after the split in OMXS30 Index (a s). 


