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Abstract

Volatility Information Trading 

in the Korean Index Option Market

Soyeon Moon

College of Buisiness Administration

The Graduate School

Seoul National University

  This paper examines volatility information traded in the Korean index 

option market. The net volatility demand of domestic individual investors 

in the KOSPI200 index option trading volume contains private 

information of the next-day KOSPI200 realized volatility, even after 

controlling for implied volatility and directional information. One-day 

impact on option price is slightly positive and significant. The study also 

observes the strength of net volatility demand prior to pre-scheduled 

macroeconomic news when information asymmetry is high. Although 

there exists significant and positive impact on that day, its impact does 

not continue the next day nor information asymmetry model is not 

observed.
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Ⅰ. Introduction

As derivative market grows, both theoretical and empirical studies related 

to option trading have been widely studied. Extended from previous 

literature,  Ni, Pan and Poteshman (2008) shift their interest toward 

volatility information traded in the option market. According to the 

paper, they highlight two primary roles of volatility in the option 

markets: a) the determinant of option price and b) the motivation of 

option trading. Focusing on the second role of volatility, they explore the 

private information contained in the option trading volume. The idea is 

simple and straightforward. While investors with directional information 

can make various investment strategies with available financial products 

such as underlying asset, futures, derivatives with either long position or 

short positon, the option products are uniquely adequate for investment 

with future realized volatility information of underlying stocks. Beyond 

the investment strategies with directional information in the option 

market, Ni, Pan and Poteshman (2008) suggest that their study 

contributes new to the literature, investigating the role of volatility 

information in option trading. Prompted by their study, this paper 

examines whether the role of volatility information trading in the Korean 

option market, specifically KOSPI200 index option, is observed. 

   Since the introduction of Korean Index Option Market in 1997, 

KOSPI200 index option has become the leading derivative trading market 

worldwide along with the KOSPI200 index futures. With the most 
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actively traded participants and well-preserved data, Korean index option 

market has been widely used for empirical investigation. Unlike the 

dominance of KOSPI200 trading volume, however, call options and put 

options related to individual underlying stocks are barely traded in the 

transaction on exchange. As date of October 2014, only 33 firms satisfy 

qualification to participate in the KRX (Korea Exchange) derivatives 

market, and daily trading volume of these option products is rarely 

detected. Normally, derivatives products with individual stocks are 

actively traded in the over-the-counter (OTC) market where price and 

trading volume are not required for official disclosure; thus, public data 

are not available. Because of il-liquidity problem and small sample 

weakness, there exists limitation to employ Korean individual stock 

option market data for empirical study. Following general tendency, this 

paper apply a theory to KOSPI200 trading data, observing whether the 

volatility information in KOSPI200 index option trading volume presents 

or not and further, whether the volatility demand reflects the private 

volatility information individuals investors contain.

   Application of empirical investigation on Korean index option market 

requires several adjustments because of different option trading policy 

and market structure between US option market with individual 

underlying asset and Korean index option market with underlying asset 

as KOSPI200 index. 

   One of the significant distinction features the existence of market 

makers in US option market. Individual investors participate in the option 
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market through a with option market makers or liquidity provider. In the 

United States, New York Stock Exchange (NYSE), Americal Stock 

Exchange (AMEX), NASDAQ Stock Exchange and other exchanges do 

have designated market makers, or practically known as specialists, and 

London Stock Exchange (LSE) also have official market makers. 

Assuming that individual investors with private information would take a 

active postion in the option trading with market makers, several papers 

prove that the informed non-market maker’s option trading contain 

private directional information. Easley, O’Hara, and Srinivas (1998) study 

the role of informative investors participate in both stock trading and 

option trading. However, excluding uninformed traders by using 

complexity of option strategies, they conclude that option contracts are 

more attractive to informed traders. Option order flow generated by 

informed traders would further affect fundamental values of underlying 

stock. Along with directional option order flow information revealed in 

Stephan and Whaley (1990), Easley, O’Hara, and Srinivas (1998), and 

Cao, Chen, and Griffin (2005), Pan and Poteshman (2006) examine that 

the option order flow conveys the information content: the volume ration 

of put and call option affects the future stock prices in the cross section. 

While US individual investors participate in the option market as 

non-market makers whose transaction on exchanges are completed 

through market makers, Korean option market participants are all equally 

trade standardized index option transaction in the KRX exchange 

derivatives market. Institutions hedging their underlying asset long 

position and individuals taking a risk against volatility information with 
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active option trading both are evenly treated according to the electronic 

limit order book.

   KOSPI200 index call option and put option are based on KOSPI200 

index. As underlying asset of stock index options and futures, KOSPI200 

represents the 200 individual stocks determined from those listed in the 

KRX Stock Market by considering relevant market factors such as 

liquidity and whether they effectively represent respective industries and 

market sectors. KOSPI200 index options are European options which can 

be exercised only at expiration with a minimum contract size of 

KRW500,000 times the KOSPI200 Options price.

   Option market participants are classified into three groups: domestic 

individual investors, domestic institutions and foreign investors. Stimulated 

by the volatility information in the option trading studied with individual 

US options trading where individuals with volatility informatiive contents 

actively participate, this study mainly focuses the volatility trading 

information of domestic individual investors. The question of whether 

volatility information in the index options could be substituted for the 

private volatility information contained in the individual stock options 

still remains. This replication is valuable, however, since domestic 

individuals are the most actively trading investors in the Korean option 

market, and both liquidity and trading volume of KOSPI200 index 

options are high enough to effectively represent as the predictive factor 

of KOSPI200 index (Ryu, 2012). Considering Korean finance market 

characteristics where foreign investors are somewhat influential, additional 

robustness tests detecting volatility information contained in the option 
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trading volume of domestic institutions and foreign investor groups are 

examined as well.

   The second significant component in this investigation is the earnings 

announcement dates(EADs) of individual firms which control private 

volatility information. In many studies of information asymmetry related 

to stocks and derivatives, EADs dominantly account for the date when 

investors with private information actively particiates in the financial 

market. Motivated by its role of asymmetrical informative contents, 

macroeconomic news replaces the EADs for the investigation of option 

trading volatility information contained in the index options. Precisely 

representing pre-scheduled EADs, pre-scheduled macroeconomic news are 

specifically substituted for EADs of individual stocks. Among various 

macroeconomic news components, two pre-scheduled announcements 

which have daily significant impacts on the overall Korean economy 

have been selected: the target rate announcement and the producer price 

index(PPI). In Kim and Lee (2011), the effect of six important scheduled 

macroeconomic news in KOSPI200 index option are examined with 

5-minuite, 1-hour, and daily intervals. Their results confirm that the 

target rate announcement and the PPI have significant impacts on daily 

data. The effects of other 4 variables, such as gross domestic product 

and industrial production announcements, have significant effects on 

5-minute or hourly data, but soon disappear within a day. The 

evaporation of impacts generated by other 4 variables explains that the 

informational contents are not strong enough to have permanent impact, 



- 6 -

rather tends to be immediately absorbed in the market.

   This paper investigate the application of Ni, Pan and Poteshman 

(2008) methodology with KOSPI200 index option market data, studying 

the existence of volatility trading information and information asymmetry 

during pre-scheduled macroeconomic news. In the study with US 

individual equity options, they extract net demand for volatility 

information traded by non-market makers who are willing to participate 

in the option trading when private volatility information exists. In their 

conclusion, the informative contents of net volatility demand predict the 

future realized volatility of underlying assets even after controlling for 

implied volatility. Furthermore, the prediction power magnifies during the 

days leading up to earnings announcements when the information 

asymmetry is high. 

   The main procedures of the volatility information in the option 

market replicate the original paper. The net demand for volatility 

variable, main explanatory variable suggested, is calculated according to 

the original paper. Some variables not applicable to the index option or 

to Korean option market system are eliminated or replaced with 

corresponding substitutes. For instance, cross-sectional heterogeneity or 

quintile classification regarding the characteristics of underlying stocks are 

removed as this paper primarily focuses on the options with underlying 

asset as KOSPI200 index. 

  Two hypothesis of this study are summarized. First, the net volatility 

demand in KOSPI200 index option trading market contain private 
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information which can predict future realized volatility of underlying 

asset, KOSPI200 index, even after controlling for implied volatility 

incorporated in the option market and other variables. Second, net 

demand for volatility positively impacts on option prices around 

pre-scheduled macroeconomic news when level of asymmetric information 

is high.  

   The structure of remaining paper are as follows. Section Ⅱ explains 

the methodology extended from Ni, Pan and Poteshman (2008). Data 

collection are described in Section Ⅲ. Section Ⅳ reports the results of 

empirical results of the hypothesis tests. At last, Section Ⅴ concludes.
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Ⅱ. Methodology

This paper investigates the presence of volatility information in Korean 

index option market as extension of Ni, Pan and Poteshman (2008). 

Although application to the index option market is slightly different from 

the study observed with individual stock options, this paper adapts the 

procedures as similarly as possible. The calculations of net volatility 

demand in KOSPI200 index options in this study are explained in details 

followed by suggestions for volatility information in individual equity 

options trading.  

   Ni, Pan and Poteshman (2008) suggests calculations of two main 

variables: net volatility demand and proxy for option prices.

   

   First, daily net demand for option volatility is measured as follows.

(1)

   Ct
K,T indicates the price of KOSPI200 call option at time t with strike 

price K and expiration date T; Pt
K,T is the price of relevant put option.  

BuyCallt
K,T represents the amount of daily index call option contracts 
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purchased by domestic individual investors with strike price K and 

maturity T on day t. SellCallt
K,T, BuyPutt

K,T, and SellPutt
K,T represents 

corresponding number of call sales, put purchases and put sales traded 

by individual investors. 

  Vega-weighted net demand for volatility variable is estimated with 

Black-Scholes formulas; (1/Ct
K,T)

 approximately as 



ln


, 

where 
   

  and 

 

ln







. 

(Similarly, (1/Pt
K,T)

 is estimated with 

ln


.) 

   Volatility of underlying assets σt at t=0 equals the sample volatility 

of KOSPI200 index with 60 prior trading days from t-60 to t-1. 3-month 

monetary stabilization bond, rt, is pratically substituted for risk-free rate 

in empirical investigations of Korean financial market studies. The 

summation in equation (1) includes each call option and put option of 

all maturities and all strike prices with a week or longer trading dates 

till expiration. Options with less than 5 trading dates are eliminated due 

to possible bias around the date of maturity. It is noted that only 
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market-makers can observe buy contracts and sell contracts transactions 

process, while other individual participants cannot in case of US option 

market. However, the study insists that the future volatility prediction is 

valid even when market makers detect non-market makers net demand 

for volatility. In case of KOSPI200 option market where institutions or 

foreign investors cannot differentiates pure trading activity of individual 

investors in the open market system, the volatility information prediction 

power could be analytically observed if exists.

   The second variable introduced indicates the proxy for 

market-observed call and put option prices. If investors with positive 

volatility information participates in the option market, the corresponding 

option price would be increased. Similarly, the negative volatility demand 

of informed investors would decrease both call and put option prices. In 

order to examine this implication of option volatility demand on its 

price, near-the-money pair of call and put options whose strike price is 

closest to the underlying security of KOSPI200 index price are selected 

for each trading day. Among assorted option pairs, call and put option 

pair with the shortest remaining trading days, excluding contracts with 

less than 5 trading days till maturity, are finally refined. Provided that 

at-the-money call and put option moves oppositely in response to 

volatility increments, they construct approximately “clean” security on 

volatility; 
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(2)

    IVt indicates the average value of possible pair of near-the-money 

call option implied volatility IVt
C and respective put option implied 

volatility IVt
P. It is clearly explained by option Greeks that in a setting 

of positive volatility information, the prices of both call and put option 

increase. In addition, IVt variable features low sensitivity to directional 

movement of underlying asset as near-the-money call and put option 

prices react in opposite directions by equal amount. Therefore, IVt 

effectively measures the price of the security converted into respective 

implied volatilities.

A. Future Stock Realized Volatility Information

   The main empirical test examines the significance of net demand 

information traded in the KOSPI200 index option market by domestic 

individual investors. The hypothesis that the volatility trading in the 

option market significantly predict the future realized volatility of 

KOSPI200 is  testified with following specification:
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(3)

  As dependent variable, OneDayRVt indicates a proxy for the daily 

realized volatility of KOSPI200 on trade day t. Alizadeh, Brandt, and 

Diebold (2002) computes the proxy as 10,000 times the difference 

between intraday high price and low price divided by closing price. Dt-j
σ, 

vega-weighted net demand, is net volatility demand variable on trade day 

t-j. Time variation j=1,2,...,5 detects whether the effects of past five 

option trading information predicts the future realized volatility. If the 

explanatory variables j=1,2,3 show significance, the results conclude that 

the variable contains at least next three day information. The net 

volatility demand variable in a regression contains 5 prior days up to 

date t. Indicator dummy variable Indt represents the pre-scheduled 

macroeconomic news dates, a substitute for earnings announcement dates 
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when the private information asymmetry is high. Indt is equals to one if 

pre-scheduled macroeconomic news announced on certain day t, otherwise 

it is zero. IVt is an average implied volatility of put-call pair with 

closest to the ATM and shortest time to expiration. Abs(DΔ) variable, 

the absolute value of delta-weighted net demand information, controls 

directional information incorporated in the option trading transaction. 

Similar to vega-weighted net demand, the variable is estimated using 

Black-Scholes delta calculation. Since call-delta(put-delta) always has 

positive(negative) value, the absolute value of two deltas effectively 

measures the power of directional information on the volatility of 

underlying stock. OptVolume is the total number of KOSPI200 index 

option contracts traded on day t-j, and ln(stkvolume) indicates the number 

of KOSPI200 index traded on day t-j. 

  All variables, except dummy variable, are normalized before regression 

due to scale disagreement. Each data is subtracted with calendar year 

mean and then divided by calendar year standard deviation. 

   The coefficient of the net demand for volatility would be positive 

and significant if individual investors trade with valid volatility 

information. The indicator Indt, a control variables, captures volatility 

fluctuation that could be generated by other unusual condition on the 

pre-scheduled macroeconomic news except the informative substance 

included in the net volatility demand. 

   With robustness studies, Ni, Pan and Poteshman (2008) intensity the 

interpretation of main result with two additional corollary. First, they 
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classify option contracts into two groups: open new option position and 

close existing option position. Taking advantage of US individual option 

data where option trading of non-market maker is distinguishable, the 

open option trading position is expected to be significantly contributed to 

the prediction of future realized stock volatility. Specific to the option 

transaction with market maker, non-market makers with private 

information tends to make a new contract by opening option position 

respect to their volatility information. In other words, it is very unlikely 

that informative individual would have owned call or put options suitable 

prior to the new information The closing position, thus, would be hardly 

used for private volatility information. In their studies with US equity 

options, the results confirm that the net volatility demand coefficient 

from the open position have significant and stronger predictability of 

future realized volatility of underlying stock comparing to that of close 

position.

A-1. Domestic Institutions and Foreign Investors

   In Korea, market maker does not exist in KRX, and all option 

market participants equally trade standardized option products. Thus, the 

application of the testing open position versus close existing position in 

KOSPI200 option trading volume would not have significant implication. 

Besides, there does not exist publicly available data of opening a new 

option position and closing an existing position. In this paper, instead, 

the net volatility demand of other two groups of investors are examined. 
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It is already discussed in various papers that As domestic institutions and 

foreign investors may contain volatility information strong enough to 

affect future realized volatility of KOSPI200, the significance of the net 

demand for volatility of two groups are observed similarly to domestic 

individuals, finding any noticeable difference between group of investors.

A-2. Options that could have been part of straddle strategy

   The second robustness test categorizes options into two groups based 

on straddle strategies: options with potential part of straddle trades and 

options with non-potential part of straddle trades. Among various option 

strategies, straddle is designed for the investment against realized 

volatility of underlying stock. When one expects that the volatility of 

stock would be increased in the future, he can profit from the 

combination of long call and long put position with same strike price 

and same time to expiration. Likewise, combination of short call position 

and short put position with identical strike price and maturity is 

beneficial when the future volatility would be decreased, or the stock 

price remains constant without variation in other words. 

   As it is almost impossible to accurately specify whether an option 

trader takes long or short position intended for straddle strategy or not, 

option contracts are divided into two groups based on the possibility of 

being used for straddle strategy. Option contracts satisfying following 

conditions are defined as potential straddle. First, a pair of call option 

and put option should have same strike price and same remaining time 
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to expiration. Both call option and put option trading should be 

generated from the same class of investors. Also, when buy call option 

and buy put option have different contract numbers, the lower trading 

volume should be considered. For example, if there are 8 buy-call 

contracts in a certain day and 5 buy-put contracts of paired option on 

the same day, 5 contracts should be regarded as straddle trading volume 

as straddle position includes both short position and long position of the 

equal security at the same time. If option trading volume contains 

information on realized volatility of underlying asset, the stronger 

prediction ability would be examined in high concentration of straddle 

group. The result table with US equity options confirms this notion of 

volatility information.

B. Price Impact and Informational Asymmetry

 

   After observing the impact of information incorporated in the net 

volatility demand on future realized volatility of underlying equity, 

further analysis explores its consequence in call and put option prices. 

Using daily change of IVt introduced in the previous section, the proxy 

for option prices is measured. Again, IVt indicates the average implied 

volatilities of call option and put option pair that are closest to 

at-the-money. The positive price impact is caused by several reasons 

other than volatility information. It is possible that the net demand 

pressure or other reasons unrelated to private volatility information affect 

option price variation. Therefore, Ni, Pan and Poteshman (2008) measure 
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price impact with implied volatility variable in order to extract pure 

volatility informative influence on its price. Both call option and put 

option prices would be increased when respective implied volatility 

intensifies. According to option greeks, vega is positive for both call and 

put options. 

  Further regression model described in Table Ⅵ includes 4 firm 

characteristics variables: relOptVolume, histStockVol, ln(size) and BM in 

the emperical test with US individual equity options. Unfortunately, BM 

has to be eliminated in the application to the empirical test with index 

option. 

(4)

  Dependent variable is 10,000 times the daily change in implied 

volatility. Vega-weighted net volatility demand, the primary explanatory 

varialbe, and its squared terms observe any price impact generated by 

volatility information. relOptVolume measures the relative ratio in trading 

volume: 100 times daily option volume divided by daily stock volume. 

histStockVol is estimated by 100 times the standard deviation of daily 

stock return. ln(size) indicates logarithmic number of daily KOSPI200 

market capitalization. Indicator dummy variables with 5 days prior to and 
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5 days after the PMNs are included to observe any changes during PMN 

dates. Interaction terms with firm characteristics and net demand volatility 

and with indicators and net demand volatility are included as control 

variables.
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Ⅲ. Data

The KOSPI200 index option and respective KOSPI200 index data are 

primarily drawn from KRX (Korea Exchange) and DataGuide. The 

empirical investigation covers daily index call option and put option data 

available from January 2006 to September 2014. The 3-month monetary 

stabilization bond is substituted for risk-free rate in Black-Scholes 

equation.

   Daily historical number of buy contracts, that of sell contracts and 

net trading volume of 9 different investors groups are available on KRX. 

For convenience, investors are classified into 3 groups in this paper: 

domestic individual investors, domestic institutions and foreign traders. 

Following Ni, Pan and Poteshman (2008) which investigate the impact of 

volatility information non-market makers contain, this paper mainly 

focuses on the option trading information of domestic individual 

investors. For robustness, the net demand for volatility of other two 

groups are tested as well. 

   The daily option trading volume of each option products are also 

available on DataGuide and KRX. However, it is hard to track how 

much each investor group traded one specific call option or put option 

product. In this paper, the number of net trading volume of individual 

investors are weighted by the proportion of domestic individual investors 

trading volume to the sum of daily trading volume. For example, let 

daily cumulative number of a certain buy call option contract, regardless 
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of investor type, is 100. Suppose the domestic individual investors 

participates 40% of daily buy call trading activity, which includes 

approximately 20 call index options available on the same day. Then, the 

specific buy call trading volume of domestic individuals in that day is 

estimated to be 100*0.4 = 40 contracts. Daily sell-call, buy-put and 

sell-put trading volume of each call and put options for specific investor 

groups are approximated accordingly. Again, options with less than 5 

trading days remaining till matrity are excluded from the calculation.

   TableⅠ denotes the summary statistics of KOSPI200 index option 

variables, containing data for sample period data from January 2006 to 

September 2014. As an evidence that Korean index option is the most 

actively traded option market in the world, the average number of 

KOSPI200 index option volume, optVolume, demonstrates about 9,437,462 

call options and put options each are traded on a given day. This 

volume is about 5,000 times greater than the average value of options 

traded on US individual equity.

   All statistics are adjusted appropriately following the precedures 

described in the previous section, but before the normalization process. 

For example, OneDayRV represents the proxy for realized volatility of 

KOSPI200, which is measured by 10,000 times the intraday high price 

minus low price divided by closing price. The average value 150 basis 

point or 1.50% seems much smaller compared to 5.51% in the US 

studies. The decreased average volatility is due to volatility difference in 

index and individual stocks; thus, the data collected are reasonable. The 
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net demand of volatility information, Dσ, has mean of 147,690, which 

seems to be deviated from zero. But considering high standard deviation 

and approximately equal absolute value of maximum and minimum, the 

net demand for volatility implies that the average is close to zero. This 

confirms the validity of index option data collected, indicating similar 

pattern with US data in the original study.

   Two market factors used for the pre-scheduled announcement dates 

are directly collected from the Bank of Korea. In the beginning of the 

year, Economic Statistics System publish announcement dates of Target 

Interest Rates, Producer Price Index, and other statistics. Both Interest 

Rates and Producer Price Index are announced once a month with 

approximately 10-day difference. During this sample testing period from 

January 2006 to September 2014, the total 210 Indt, indicator variables, 

are tested.
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Ⅳ. Results

A. Future Stock Realized Volatility Information

The first empirical model observes whether the net demand volatility of 

domestic individual investors in the KOSPI200 index option market 

effectively explains the future realized volatility of underlying asset, 

KOSPI200 index.  

   Table Ⅱ, the primary result table in this study, reports the estimated 

coefficients from the pooled regression followed by equation (1) in 

section Ⅱ. T-statistics from robust standard errors are noted in the 

parenthesis. The total number of observation and adjusted R-square of the 

regression model are mentioned on the right. Since there is only one 

underlying asset, KOSPI200, it is reasonable to contain 2,111 trading 

days during the testing period of 8.75 years.

   Dependent variable is proxy for the future realized volatility of 

KOSPI200 index at t=0. Five regressions, j=1 through 5 representing t=-1 

through t=-5 respectively, each evaluates KOSPI200 index volatility 

prediction. For jj=3, the regression model testifies whether the net 

volatility demand on day t=-3 predicts the realized volatility of 

KOSPI200 index after 3 trading days, or t=0.

   Explanatory variable Dσ
t-j, net demand for volatility, results in all 

positive coefficients. Even though not all five coefficient estimates are 
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significant as in US individual stock option data, the KOSPI200 index 

option net demand for volatility is significant for j=1 with t-statistics of 

2.34. This concludes that the net option volume demand of domestic 

individual investors carry at least the next day KOSPI200 index volatility 

information. The interaction term with net volatility demand and Indt for 

j=1 weakly supports the hypothesis that the additional volatility 

information on the day before pre-scheduled macroeconomic news exists.

   Remaining control variables verify the significance of information 

contents in vega-weighed demand. Five OneDayRV terms and its 

interaction terms with Indt from j=1 to j-5 shows consistency with 

volatility clustering effect in ARCH/GARCH models. According to the 

volatility literature, the lagged realized volatilities have all positive and 

significant coefficients.  Dummy variable, Indt, indicating pre-scheduled 

macroeconomic news on date t=0 controls volatility movement generated 

by other reasons in that event day except for the information individual 

investors incorporated in the net volatility demand. All coefficients have 

significantly positive numbers, demonstrating that pre-scheduled 

macroeconomic news for KOSPI200 successfully replace earnings 

announcement dates for individual stocks. 

   Moreover, implied volatility theoretically includes volatility information 

related to underlying asset, and additional volatility news should be 

instantaneously penetrated into the option implied volatility under the 

assumption of perfect market. Lagged IVt variables control pre-existing 

informational components; all strongly positive and significant coefficients 

with t-statistics about 7. This fact intensifies the validity of the results, 
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concluding that there exists additional information included in the net 

volatility demand even after controlling implied volatility. Absolute value 

of delta-weighted net demand controls private directional information in 

option trading. Even though coefficients are not significant except for 

j=1, it is noticeable that both delta-weighted and vega-weighted net 

demand measures from the same option trading volume. While past 

literature focuses on the directional information or net buying pressure of 

KOSPI200 option trading, this paper suggests importance of informative 

components in volatility perspective. 

A-1. Domestic Institutions and Foreign Investors

   As open-position option contracts and close exiting option contracts of 

individual investors data are not valid in, the consideration in the 

original paper cannot be generated in Korean index option market. 

Rather, we testify the same specification of net volatility demand model 

for domestic institutions and foreign investors. The impact of foreign 

investors trading pattern in overall finance market is unique 

characteristics of Korean market. Thus, this paper intends to confirm any 

additional volatility information foreign investors in the option market.

   First, Table Ⅲ reports the results of regression model with option 

trading volume of domestic investors. Similarly to Table Ⅱ, the net 

demand for volatility has significant t-statistics only when j=1 but with 
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negative sign. One might assume that likewise the market makers in US 

option market domestic institutions participates in KOSPI200 index option 

market predominately with hedging instruments. 

   In Table Ⅳ, the net volatility demand of foreign investors does not 

account for significance with low t-statistics and coefficients close to 0. 

This concludes that there is no private information on future realized 

volatility of KOSPI200 foreign investors have. 

A-2. Options that could have been part of straddle strategy

   In the second robustness test, the total net volatility demand of 

domestic investors have been separated into two groups by the potential 

straddle strategy. Although it is impossible to precisely differentiate 

whether the individual investors traded KOSPI200 option for straddle 

strategy or not, option volume are assorted based on the high and low 

concentration of potential straddle strategy as described in the 

methodology section. The straddle option group has higher chance of 

informed investors to participate in the option trading. 

   As there is only one underlying index equity in this study, the 

observation number 2,111 again represents the total trading days during 

the sample test period. They are equal in numbers, as call and put 

options traded on each day are classified into straddle and not straddle 

groups. After classify the call and put options with potential straddle 



- 26 -

satisfying conditions described in the methodology, the net demand for 

volatility of each group is re-calculated: the average potential straddle 

vega-weighted demand is 1,147, and that of not potential straddle is 

143,544 (TableⅠ).

   Table Ⅴ displays estimated coefficients and respective t-statistics of 

the testing model followed by equation (3). The table only contains 

results of net volatility demand variable, as other omitted control 

variables follow equivalent outcome to those results in Table Ⅱ. Panel A 

represents the volatility demand from trading volume with potential 

straddle strategy, and Panel B reports that of option contracts that could 

have not been part of straddle.

  Unlike US individual option data where estimated coefficients of both 

panel A and panel B are significantly positive and monotonically 

decreases, net volatility demand coefficients with KOSPI200 index option 

data in both panels do not examine clear conclusion. Moreover, net 

demand volatility of potential straddle options contain more significant 

prediction power than that of not potential straddle options, according to 

Ni, Pan and Poteshman (2008). However, there is no noticeable 

difference between panel A and panel B in this study. It is possibly due 

to specified individual option trading data in the original research. The 

non-market makers who participate in option markets with individual 

equity are classified into four groups: firm proprietary traders, public 

customers of full service brokers, public customers of discount brokers, 

and other public customers. In order for a option contract to be defined 
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as potential straddle, buying a pair of call and put options or selling a 

pair of call and put options should have been coming from the same 

class of investors. Lack of subdivision of domestic individuals in 

KOSPI200 might cause uncertainty of information contents incorporated 

in the net volatility demand with the straddle test. While KOSPI200 

index option exclusively symbolizes the Korean option market, individual 

options with various underlying stock are actively traded in the US 

option market. Less precise investor classes and less variation in option 

products may cause low concentration of potential straddle options in 

panel A, resulting in not significant outcomes. 

B. Price Impact of Net Volatility Demand and Informational 

Asymmetry

   Table Ⅵ summarizes estimated coefficients and t-statistics of pooled 

regression of the second specification, equation (4). Again, the coefficient 

of net volatility demand is positive and significant with t-statistics of 

2.53. However, There is no significant finding during prior days up to 

pre-scheduled macroeconomic news announcement dates. For j=1, the 

coefficients of indicator variable and its interaction term with net 

volatility demand are positive, but no statistically significant. Compared 

with earnings announcement dates of individual stocks, macroeconomic 

news weakly affect the overall finance market. Even though target 

interest rates and producer price index are important variable considered 
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in the economy, they do not affect 200 fimrs included in the KOSPI200 

index at the same date. The results conclude that the pre-scheduled 

macroeconomic news do not convey as strong implication about volatility 

information. 
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Ⅴ. Conclusion

Motivated by Ni, Pan and Poteshman (2008), this study examines the net 

volatility information in KOSPI200 option trading volume. The results 

conclude that the net demand for volatility of domestic individual 

investors has some significant information about the next day future 

realized volatility of underlying asset, KOSPI200. But the effect does not 

last long enough to conclude that the net volatility demand do have 

significant influence on the prediction of future volatility of underlying 

asset. There is less net volatility information contained in the option 

contracts of domestic institutions and foreign investors. Morever, the 

separation of potential straddle options and non-potential straddle options 

does not support the idea that the potential straddle option trading 

contracts would contain higher volatility information. The second 

specification concludes that price impact on both call option and put 

option confirms the informational contents in the net volatility demand, 

but the pre-scheduled macroeconomic news shows no clear pattern before 

and after the announcement date.

   Further studies should be considered for measuring appropriate 

volatility information included in the KOSPI200 index option. As this 

study follows investigation of volatility information of individual equity 

options, the replication may not be completely adequate for index 

options. But, this study contributes to the literature of KOSPI200 index 

options as volatility demand information in the Korean index option has 
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not been previously discussed. Further suggestions include the 

introduction of well-explained pre-scheduled macroeconomic news variable 

or other variable that could be substituted for earnings announcement 

dates. If detailed data are available, it would be meaningful to 

additionally investigate open and close option position or strategy of 

option contracts intended.
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요약(국문 록)

  본 연구에서는 KOSPI200  지수 옵션의 변동성에 의한 순매수 거래

성향을 악하여 옵션 투자자들이 유의한 변동성 정보를 가지고 거래

하는지에 해 연구하 다. 본 연구는 Ni, Sophie X., Jun Pan, and 

Allen M. Poteshman (2008)의 방법론을 한국 지수 옵션에 용하 다. 

한국 개인투자자들의 변동성 순매수 성향은 하루 뒤 KOSPI200 지수

변동성을 측한다는 결과가 검증되었지만, 측력은 하루 이상 지속

되지 않음을 확인하 다. 이는 많은 정보가 통합된 지수 옵션의 특성

상 정보력이 빠르게 시장에 흘러들어 간다는 것을 의미한다. 스트래

들 옵션 략에 사용되어질 가능성이 있는 옵션 거래량의 변동성과

가능성이 없는 옵션 거래량의 변동성을 구분지어 살펴본 실증 분석에

서는 스트래들 략 가능성이 있는 옵션들에 변동성 정보가 더 많의

포함되어 있다는 근거가 확인되지 않았다. 한, 체 시장에 향을

미치는 거시경제공시 날짜를 기 으로 살펴본 변동성 순매수 성향의

향력은 변동성 정보를 가지고 있는 개인 거래자 (informed traders)들

이 옵션 시장 거래에 참여한다는 유의미한 결과를 찾을 수 없었다.

주요어: KOSPI200, 지수 옵션, 변동성, 순매수, 개인투자자,

거시경제통계

학 번: 2013-20478
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Mean Std. Auto Skew Kurt Min. Max.

OneDayRV(bps) 150 108 0.68 4.632 35.26 34.13 1,635

Impliedvolatility(IV)(bps) 2,161 1,049 0.98 2.45 8.39 870 8,650

IVchange(dIV)(bps) -2.28 226 -0.06 1.43 18.30 -1,425 2,475

dIV/IV(bps) 19.83 837 -0.10 1.76 11.89 -3,187 8,231

Volatilitydemand(Dσ) 147,690 643,065 0.26 3.34 100.26 -10,727,698 10,584,745

Straddlevolatilitydemand 1,147 10,597 0.34 5.71 53.48 -28,137 169,480

Nonstraddlevolatilitydemand 143,544 640,373 0.26 3.36 101.67 -10,726,000 10,574,747

Abs(DΔ) 139,519 311,575 0.34 5.10 37.82 0.42 4,500,351

optVolume(contracts) 9,437,462 6,890,724 0.75 1.17 1.66 768,332 42,179,248

ln(stkVolume)(shares) 18.42 0.37 0.86 0.49 0.10 17.54 19.67

Table Ⅰ

Summary Statistics

This table shows the summary statistics of KOSPI200 variables used in this paper from January 2006 to September 

2014. OneDayRV represents the proxy for realized volatility of underlying equity, measured by 10,000 times the 

intraday high price minus low price divided by closing price. IV is the average implied volatility of ATM call and 

put with shortest maturity. Volatility demand (Dσ) indicates net daily volatility demand weighted by Black-Scholes 

vega and Abs(DΔ) represents net daily demand weighted by Black-Scholes delta.
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　 　 Dσ OneDayRV 　 IV abs(DΔ) OptVolume ln(stkvolume) 　 　

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind Ind t

t 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

Adj 
R2

j Const t-j t-1 t-2 t-3 t-4 t-5 t-1 t-j t-j t-j Obs

1 -0.02 0.05 0.18 0.17 -0.19 0.13 -0.03 0.07 -0.04 0.03 0.33 0.02 -0.09 0.30 0.19 0.14 -0.06 -0.04 -0.02 0.05 0.05 0.01 0.24 2,111

(-0.80) (2.34) (1.34) (7.28) (-1.35) (5.54) (-0.32) (2.86) (-0.40) (1.52) (2.55) (0.93) (-0.86) (1.74) (6.89) (1.01) (-3.14) (-0.27) (-1.12) (0.46) (2.19) (0.12) 

2 -0.02 0.03 0.25 0.18 -0.16 0.12 -0.01 0.06 -0.01 0.04 0.29 0.02 -0.07 0.31 0.20 0.12 0.00 -0.51 -0.05 -0.05 0.06 0.02 0.24 2,111

(-0.88) (1.33) (1.11) (7.81) (-1.25) (5.08) (-0.11) (2.74) (-0.10) (1.56) (2.25) (0.87) (-0.72) (2.11) (7.28) (0.90) (-0.11) (-2.33) (-2.19) (-0.46) (2.83) (0.18) 

3 -0.02 0.01 -0.06 0.18 -0.13 0.13 -0.06 0.07 0.03 0.03 0.33 0.02 -0.02 0.43 0.20 0.11 0.00 -0.06 -0.03 -0.12 0.03 -0.02 0.23 2,111

(-0.82) (0.29) (-0.42) (7.84) (-0.99) (5.39) (-0.51) (2.70) (0.23) (1.51) (2.55) (0.94) (-0.20) (3.13) (7.36) (0.76) (-0.05) (-0.54) (-1.24) (-0.82) (1.35) (-0.15) 

4 -0.02 0.01 -0.03 0.18 -0.10 0.12 -0.03 0.06 -0.03 0.03 0.40 0.02 -0.03 0.47 0.20 0.12 -0.01 -0.04 -0.01 -0.08 0.06 -0.15 0.23 2,111

(-0.78) (0.58) (-0.48) (7.90) (-0.79) (5.31) (-0.29) (2.70) (-0.36) (1.08) (2.73) (0.88) (-0.31) (3.32) (7.33) (0.85) (-0.58) (-0.66) (-0.71) (-0.51) (2.68) (-1.46) 

5 -0.02 0.03 -0.08 0.18 -0.13 0.13 -0.05 0.06 -0.03 0.03 0.33 0.01 -0.01 0.37 0.20 0.15 -0.02 0.04 -0.02 -0.02 0.06 -0.11 0.23 2,111

　 (-0.78) (1.17) (-1.52) (7.81) (-1.03) (5.43) (-0.42) (2.67) (-0.29) (1.43) (2.49) (0.57) (-0.07) (3.19) (7.28) (1.07) (-0.77) (0.82) (-1.02) (-0.11) (2.73) (-1.13) 　 　

Table Ⅱ

The Information in KOSPI200 Option Volatility Demand for KOSPI200 Future Realized Volatility (Domestic 

Individual Investors)

This table reports results of KOSPI 200 domestic individuals option data with pooled regressions from January 2006 to September 2014. The 

dependent variable OneDayRVt is a proxy for the realized volatility of KOSPI200 on trade day t, which is 10,000 times the KOSPI200’s 

intraday high price minus low price divided by the closing index price. Dσ indicates index option volatility demand variable on trade day t-j. 

Indicator Indt is dummy variable representing pre-scheduled macroeconomic news. (Ind=1 if macroeconomic news announced, otherwise zero.) IV 

is an average implied volatility of put-call pair with closest to the ATM and shortest time to expiration. abs(DΔ) variable is delta-weighted net 

option demand. OptVolume is the total number of index option contracts on day t-j. ln(stkvolume) is the number of KOSPI200 index traded on 

day t-j. The parentheses are t-value.
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　 　 Dσ OneDayRV 　 IV abs(DΔ) OptVolume ln(stkvolume
) 　 　

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind Ind t

t 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

Adj 
R2

j
Cons

t t-j t-1 t-2 t-3 t-4 t-5 t-1 t-j t-j t-j Obs

1 -0.02 -0.04 -0.14 0.17 -0.18 0.13 -0.04 0.07 -0.04 0.03 0.34 0.02 -0.09 0.32 0.19 0.14 -0.07 -0.04 -0.02 0.04 0.04 0.01 0.24 2,111

(-0.80) (-2.18) (-1.15) (7.22) (-1.30) (5.47) (-0.33) (2.84) (-0.45) (1.47) (2.57) (0.87) (-0.81) (1.92) (7.00) (1.02) (-3.19) (-0.30) (-0.94) (0.38) (2.10) (0.07) 

2 -0.02 -0.01 -0.01 0.18 -0.15 0.13 -0.05 0.06 -0.05 0.03 0.32 0.02 -0.04 0.35 0.20 0.13 0.00 -0.21 -0.04 -0.03 0.06 0.01 0.23 2,111

(-0.88) (-0.61) (-0.05) (7.83) (-1.12) (5.12) (-0.40) (2.68) (-0.49) (1.50) (2.44) (0.86) (-0.40) (2.45) (7.38) (0.94) (0.14) (-1.21) (-2.14) (-0.26) (2.77) (0.11) 

3 -0.02 0.00 0.00 0.18 -0.12 0.13 -0.07 0.07 0.04 0.03 0.33 0.02 -0.02 0.44 0.20 0.10 0.00 -0.11 -0.03 -0.13 0.03 -0.01 0.23 2,111

(-0.82) (0.03) (0.00) (7.84) (-0.93) (5.39) (-0.61) (2.71) (0.30) (1.48) (2.53) (0.92) (-0.23) (3.14) (7.40) (0.73) (-0.09) (-1.18) (-1.23) (-0.90) (1.35) (-0.11) 

4 -0.02 -0.01 0.02 0.18 -0.11 0.12 -0.03 0.06 -0.03 0.03 0.38 0.02 -0.04 0.45 0.20 0.13 -0.02 -0.02 -0.01 -0.07 0.06 -0.15 0.23 2,111

(-0.80) (-0.51) (0.36) (7.90) (-0.88) (5.32) (-0.27) (2.68) (-0.29) (1.06) (2.61) (0.85) (-0.35) (3.30) (7.33) (0.91) (-0.87) (-0.29) (-0.65) (-0.49) (2.69) (-1.47)

5 -0.02 -0.01 0.05 0.18 -0.13 0.13 -0.05 0.06 -0.03 0.03 0.32 0.01 -0.01 0.38 0.20 0.15 -0.02 0.03 -0.02 -0.03 0.06 -0.10 0.23 2,111

　 (-0.81) (-0.48) (1.01) (7.80) (-1.03) (5.42) (-0.41) (2.69) (-0.33) (1.44) (2.46) (0.55) (-0.05) (3.23) (7.30) (1.11) (-0.88) (0.58) (-0.96) (-0.18) (2.71) (-0.99) 　 　

Table Ⅲ

The Information in KOSPI200 Option Volatility Demand for KOSPI200 Future Realized Volatility

(Domestic Institutions)

This table reports results of KOSPI 200 domestic institutions option data with pooled regressions from January 2006 to September 2014. The dependent variable 

OneDayRVt is a proxy for the realized volatility of KOSPI200 on trade day t, which is 10,000 times the KOSPI200’s intraday high price minus low price 

divided by the closing index price. Dσ indicates index option volatility demand variable on trade day t-j. Indicator Indt is dummy variable representing 

pre-scheduled macroeconomic news. (Ind=1 if macroeconomic news announced, otherwise zero.) IV is an average implied volatility of put-call pair with closest to 

the ATM and shortest time to expiration. abs(DΔ) variable is delta-weighted net option demand. OptVolume is the total number of index option contracts on day t-j. 

ln(stkvolume) is the number of KOSPI200 index traded on day t-j. The parentheses are t-value.
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　 　 Dσ OneDayRV 　 IV abs(DΔ) OptVolume ln(stkvolume
) 　 　

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind Ind t

t 
x Ind

t-j 
x Ind

t-j 
x Ind

t-j 
x Ind

Adj 
R2

j
Cons

t t-j t-1 t-2 t-3 t-4 t-5 t-1 t-j t-j t-j Obs

1 -0.02 0.00 0.07 0.18 -0.14 0.13 -0.03 0.06 -0.05 0.04 0.33 0.02 -0.06 0.34 0.20 0.12 -0.02 -0.06 -0.03 0.01 0.04 0.04 0.23 2,111

(-0.82) (-0.21) (0.33) (7.37) (-1.01) (5.33) (-0.31) (2.74) (-0.57) (1.58) (2.46) (0.90) (-0.54) (1.96) (7.19) (0.83) (-0.95) (-0.42) (-1.29) (0.08) (2.02) (0.40) 

2 -0.02 -0.02 0.16 0.18 -0.13 0.13 -0.04 0.06 -0.06 0.03 0.33 0.02 -0.05 0.33 0.20 0.13 0.01 -0.27 -0.05 -0.02 0.06 0.00 0.24 2,111

(-0.88) (-1.21) (0.95) (7.86) (-1.00) (5.14) (-0.32) (2.63) (-0.63) (1.50) (2.51) (0.93) (-0.50) (2.27) (7.45) (0.92) (0.53) (-1.84) (-2.26) (-0.18) (2.80) (-0.03)

3 -0.02 -0.01 0.06 0.18 -0.13 0.13 -0.07 0.07 0.03 0.03 0.33 0.02 -0.02 0.44 0.20 0.11 0.01 -0.11 -0.03 -0.13 0.03 -0.01 0.23 2,111

(-0.82) (-0.71) (0.31) (7.82) (-0.99) (5.42) (-0.62) (2.75) (0.26) (1.49) (2.51) (0.95) (-0.20) (3.07) (7.47) (0.80) (0.68) (-1.27) (-1.29) (-0.91) (1.28) (-0.07) 

4 -0.01 -0.01 -0.01 0.18 -0.09 0.13 -0.04 0.07 -0.01 0.03 0.41 0.02 -0.03 0.39 0.20 0.11 0.01 0.03 -0.01 -0.08 0.05 -0.17 0.23 2,111

(-0.76) (-0.31) (-0.17) (7.89) (-0.72) (5.32) (-0.32) (2.76) (-0.12) (1.14) (2.74) (0.82) (-0.28) (2.99) (7.38) (0.81) (0.22) (0.52) (-0.73) (-0.58) (2.58) (-1.61) 

5 -0.01 -0.03 0.07 0.18 -0.12 0.13 -0.05 0.06 -0.03 0.04 0.33 0.02 -0.04 0.33 0.20 0.14 0.03 0.00 -0.02 -0.01 0.05 -0.10 0.23 2,111

　 (-0.72) (-1.40) (1.04) (7.74) (-0.94) (5.38) (-0.46) (2.67) (-0.30) (1.55) (2.50) (0.66) (-0.35) (2.83) (7.48) (0.99) (1.37) (-0.01) (-1.12) (-0.03) (2.55) (-1.03) 

Table Ⅳ

The Information in KOSPI200 Option Volatility Demand for KOSPI200 Future Realized Volatility

(Foreign Investors)

This table reports results of KOSPI 200 foreign investors option data with pooled regressions from January 2006 to September 2014. The dependent variable 

OneDayRVt is a proxy for the realized volatility of KOSPI200 on trade day t, which is 10,000 times the KOSPI200’s intraday high price minus low price 

divided by the closing index price. Dσ indicates index option volatility demand variable on trade day t-j. Indicator Indt is dummy variable representing 

pre-scheduled macroeconomic news. (Ind=1 if macroeconomic news announced, otherwise zero.) IV is an average implied volatility of put-call pair with closest to 

the ATM and shortest time to expiration. abs(DΔ) variable is delta-weighted net option demand. OptVolume is the total number of index option contracts on day t-j. 

ln(stkvolume) is the number of KOSPI200 index traded on day t-j. The parentheses are t-value.
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　 Dσ　 　 　

j t-j t-jxInd Adj.R2 Obs.

PanelA:Volatility Demandfrom VolumeThatCouldHaveBeenPartofStraddles

1 0.01 0.28 0.23 2,111

(0.45) (0.92)

2 0.02 0.30 0.24 2,111

(0.75) (0.66)

3 0.03 -0.16 0.23 2,111

(1.18) (-1.52)

4 0.05 -0.03 0.23 2,111

(1.59) (-0.46)

5 0.03 -0.07 0.23 2,111

(1.00) (-0.86)

PanelB:Volatility Demandfrom VolumeThatCouldNotHaveBeenPartofStraddles

1 0.04 0.16 0.23 2,111

(2.22) (1.23)

2 0.02 0.28 0.24 2,111

(1.23) (1.13)

3 0.00 -0.01 0.23 2,111

(0.13) (-0.09)

4 0.01 -0.02 0.23 2,111

(0.44) (-0.36)

5 0.02 -0.07 0.23 2,111

　
(1.15) (-1.41)

　 　

Table Ⅴ

The Information in Net Demand Volatility of KOSPI200 Index  Potential 

Straddle and Nonstraddle Option for Future Realized Volatility of KOSPI200

This table reports results of KOSPI 200 domestic institutions option data with pooled regressions from 

January 2006 to September 2014. The dependent variable OneDayRVt is a proxy for the realized 

volatility of KOSPI200 on trade day t, which is 10,000 times the KOSPI200’s intraday high price minus 

low price divided by the closing index price. Dσ indicates index option volatility demand variable on 

trade day t-j. Indicator Indt is dummy variable representing pre-scheduled macroeconomic news. (Ind=1 if 

macroeconomic news announced, otherwise zero.) IV, abs(DΔ), OptVolume, and ln(stkvolume) are omitted in 

this table, as coefficients and t-statistics are similar to those of Table Ⅱ. The parentheses are t-statistics. 

Panel A tests options that could have been part of straddle for j=1,2,3,4, and 5. Likewise, options that 

could not have been part of straddle are tested in panel B.
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Table Ⅵ

Price Impact and Information Asymmetry on the date of Pre-scheduled 

Macroeconomic news 

This table reports estimated coefficients of second specification in this paper, equation (4), with KOSPI 

200 trading volume of domestic individuals. Dependent variable is 10,000 times the daily change in 

implied volatility. Vega-weighted net volatility demand, the primary explanatory varialbe, and its squared 

terms observe any price impact generated by volatility information. relOptVolume measures the relative 

ratio in trading volume: 100 times daily option volume divided by daily stock volume. histStockVol is 

estimated by 100 times the standard deviation of daily stock return. ln(size) indicates logarithmic number 

of daily KOSPI200 market capitalization. Indicator dummy variables with 5 days prior to and 5 days 

after the PMNs are included to observe any changes during PMN dates. T-statistics are in parenthesis.

Intercept -11.20 (-0.41) -7.07 (-0.26) 

Dσ　 76.11 (2.53) 88.60 (2.74) 

(Dσ)2 -5.61 (-1.05) 

Dσ x relOptVolume 6.08 (0.24) 10.75 (0.42) 

Dσ x histStockVol -7.47 (-0.37) -10.53 (-0.52) 

Dσ x ln(size) -5.19 (-0.26) -7.05 (-0.35) 

relOptVolume 29.67 (1.31) 29.56 (1.31) 

histStockVol 136.85 (6.89) 138.92 (6.96) 

ln(size) 10.78 (0.55) 10.56 (0.54) 

Dσ x Ind(PMN-5) 30.58 (0.55) 34.77 (0.62) 

Dσ x Ind(PMN-4) -36.87 (-0.57) -34.15 (-0.53) 

Dσ x Ind(PMN-3) -507.75 (-4.11) -514.49 (-4.16) 

Dσ x Ind(PMN-2) -623.13 (-3.78) -633.24 (-3.84) 

Dσ x Ind(PMN-1) 91.14 (0.90) 113.86 (1.10) 

Dσ x Ind(PMN-0) -189.30 (-1.07) -201.77 (-1.14) 

Dσ x Ind(PMN+1) -53.37 (-0.41) -58.19 (-0.45) 

Dσx Ind(PMN+2) -7.39 (-0.04) -23.03 (-0.12) 

Dσ x Ind(PMN+3) 12.31 (0.08) -6.34 (-0.04) 

Dσ x Ind(PMN+4) 54.25 (0.47) 44.77 (0.39) 

Dσ x Ind(PMN+5) 37.46 (0.31) 32.51 (0.27) 

Ind(PMN-5) -264.78 (-2.80) -258.34 (-2.72) 

Ind(PMN-4) -108.15 (-1.09) -105.90 (-1.07) 

Ind(PMN-3) 642.10 (6.99) 642.62 (7.00) 

Ind(PMN-2) 204.23 (2.10) 203.41 (2.09) 

Ind(PMN-1) 49.02 (0.52) 54.10 (0.57) 

Ind(PMN-0) -167.05 (-1.70) -169.79 (-1.72) 

Ind(PMN+1) 101.50 (1.04) 101.85 (1.04) 

Ind(PMN+2) 91.92 (0.83) 88.14 (0.80) 

Ind(PMN+3) -17.25 (-0.17) -22.05 (-0.21) 

Ind(PMN+4) 82.90 (0.90) 82.84 (0.90) 

Ind(PMN+5) 120.36 (1.33) 120.32 (1.33) 

Adj.R2 0.08 0.08 

Obs. 2,106.00 2,106.00 
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