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3 Volatility Measures 

Volatility is not directly observable and is usually measured by sample variance or 

sample standard deviation which assume volatility is time unvarying. However, from 

the stylized facts of the volatility behavior usually observed in financial time series, 

for example volatility clustering, it is known and should take into account for 

volatility estimation. Moreover, volatility has become an important concept in 

different areas in financial theory and practice, such as risk management, portfolio 

selection, derivative pricing, etc. In this section, we begin by outlining four popular 

and commonly used volatility measures to capture time varying return fluctuations 

which are GARCH(1,1) process, EWMA, absolute residuals, and realized volatility. 

In addition, the empirical results are presented later.  

 

3.1 Four Volatility Measures 

To begin with, Bollerslev (1986) proposes the generalized autoregressive conditional 

heteroskedasticity (GARCH) model which can deal with time varying volatility and 

explain volatility clustering, fat tails, and volatility mean reversion. For a log stock 

return series  with mean ( ), let  be the innovation at time t. Then 

 follows a GARCH(1,1) process if: 
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  , 0 , 1, 1,  

where } is a sequence of iid random variables with the mean zero and the variance 

one.  is often assumed to be a standard normal or standardized Student-t 

distribution or generalized distribution.  is the conditional variance and  is the 

squared innovation. GARCH(1,1) process calculates the return through closing prices 

of two consecutive trading days which may contain the overnight information. 

Additionally, since the unknown parameters in GARCH(1,1) process should be 

estimated first and then are able to compute the variance  thus it is not commonly 

used in practice. 

Second, exponentially weighted moving average (EWMA) puts more weight on 

the most recent observations based on exponentially dwindling weights to estimate 

local or short-term volatility and is an application for risk management. For instance, 

J.P. Morgan uses EWMA estimates of volatility to construct RiskMetrics. We estimate 

volatility  of EWMA as follows: 

1  , 

where  denotes the continuously compounded return on each sample stock. 0

<1 is the decay parameter; the closer  is to one the more weight is put on the 

previous period's estimate relative to the current period's observation. In reality, 
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similar to GARCH(1,1), EWMA computes return through the closing prices of two 

consecutive trading days while the latter only needs to estimate one parameter  thus 

is usually used in practice. 

Third, we compute daily percentage returns for each sample stock by means of 

the opening and closing prices: 

100  ,  

where  is the closing price for stock i on day t,  is the opening price for stock i 

on day t, and  is the log return of tock i on day t. Next, absolute residuals are 

acquired by running the following time series regressions: 

ω , 
(1) 

where  is the return of stock i on day t, 's are day-of-the-week dummies to 

capture differences in mean returns, and 's are lagged returns to control for serial 

dependence in daily returns. As a result, | | is the absolute value of residuals 

obtained by regressing each stock's daily continuously compounded returns on its 12 

lags and a Friday dummy variable.5 Although absolute residuals consider the return 

variation within single trading day by using its opening and closing price, it does not 

                                                 
5 Refer to French (1980), Keim and Stambaugh (1984), French et al. (1987), and Schwert (1989a, 
1989b, 1990). We examine the 35 sample stocks by using daily stock returns data from the entire year 
of 2005, a total of 247 trading days, and find out that there are 15 stocks which have 12 return lags and 
should be included in the regression while the other 20 stocks do not. Simultaneously, the 
day-of –the-week dummies, such as F (=1 on Friday and 0 otherwise) and so on, are used in daily data. 
We detect the Friday effect exists in our sample stocks and take it as an explanatory variable in the 
regression.  



13 
 

provide sufficient information for the intraday changes. For instance, when the 

opening price equals to the closing price for two separate trading days, it is hard to 

say whether their intraday return volatilities are the same.  

Finally, we estimate daily realized volatility using intraday data sampled at 

5-minute intervals as: 

    , 

where    is known as realized volatility for stock i and is computed by adding up 

54 intraday 5-minute squared returns within day t.6 Similarly, the 5-minute realized 

volatility for stock i is computed by adding up five 1-minute squared returns in each 

5-minute interval. In Section 4, we estimate return volatility through the 5-minute 

realized volatility in the first and last hours of each trading day.  

Traditional methods of volatility estimations use daily return data which may 

omit intraday return fluctuations such as closing prices of two consecutive trading 

days such like GARCH(1,1) process, EWMA, or opening and closing prices within 

one trading day such like absolute residuals. However, realized volatility applies 

intraday data and is capable of estimating the true volatility of financial time series, 

precisely. 

 
                                                 
6 Since the Taiwan stock Exchange is open from 9:00 A.M. to 13:30 P.M. per trading day, we obtain a 
total of 54 5-minute interval observations per day. 
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3.2 Comparison of Volatility Measures 

Table 2 and Table 3 report summary statistics of four volatility measures 

(GARCH(1,1) process, EWMA, absolute residuals, and realized volatility) for each 

firm-size quintile both before and after tick size reduction, respectively. Since it may 

be informative for the differences in the trading-volatility relation among different 

firm sizes, we categorize these 35 sample stocks into five firm-size quintiles based on 

their market capitalizations on March 1, 2005 when tick size reduction was 

implemented.7 The average market capitalizations range from NTD5 billion for the 

smallest firm-size (1st quintile) to NTD373 billion for the largest one (5th quintile) and 

each quintile contains 7 stocks. After tick size reduction, the mean realized volatility 

across firm-size quintiles shrinks considerably from 3.12 to 1.84, approximately 41%, 

which is more than two times compared to that of absolute residuals (15%), 

GARCH(1,1) process (16%), and EWMA(12%). In general, the average standard 

deviation across firm-size quintiles of either absolute residuals or EWMA is higher 

than that of realized volatility and GARCH(1,1) process both prior to and after the 

tick size reduction which indicates the latter two measures are more reliable estimates 

for daily return volatility.  

It is noteworthy that for low-frequency (including daily) data, models such as 
                                                 
7 Chan and Fong (2006) also group their sample stocks into firm-size quintiles based on their market 
capitalizations as of the midpoint of the sample period. 
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GARCH may yield volatility estimates that are as good as or better than realized 

volatility while for high-frequency (intraday) data, realized volatility is superior. 

Intraday data cannot be described by one homogeneous GARCH model because of 

the seasonality and heterogeneity of the markets, as shown by Guillaume et al. (1994) 

and Gencay et al. (2001, 2002). Consistent with these viewpoints, we confirm that 

GARCH(1,1) process shows the lowest standard deviation compared to other three 

volatility measures (EWMA, absolute residuals, and realized volatility) in estimating 

daily return volatility. Since we aim to examine the intraday U-pattern of return 

volatility subsequently, combining with the above facts, we choose realized volatility 

to be a better estimate of intraday return fluctuations in our study. Our findings are 

also consistent with Chan and Fong's (2006) prediction that realized volatility is a 

robust estimate as the true volatility compared to absolute returns. 

More interestingly, we discover three evidences related to volatility and firm-size 

from Table 2 and Table 3. First, we observe only realized volatility out of these four 

mentioned volatility measures generally exhibits more volatile returns for larger firms 

before tick size reduction. Second, the largest firm-size quintile (5th quintile) is about 

30% more volatile than the smallest one (1st quintile) on realized volatility before tick 

size reduction. However, we detect no distinct relation between volatility and 

firm-size for the other three volatility measures except for realized volatility both 
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before and after the tick size reduction. Finally, the realized volatility for each 

firm-size quintile plunges to various extents after the tick size reduction. More 

specifically, it declines to a larger degree for bigger firms and it is approximate 2.6 

times difference between 5th quintile and 1st quintile. 
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Table 2: Summary Statistics of Volatility Measures before Tick Size Reduction 
Firm-Size Quintile 1 2 3 4 5 
CAP (in Million NTD) 5,758.71 10,356.43 17,287.43 31,373.29 373,160.00
      

GARCH(1,1) 
Median 1.8980 1.8890 1.7910 1.8250 0.9571 
Mean 2.0600 1.8380 1.7530 1.8320 0.9729 
Standard deviation 0.4298 0.1390 0.1935 0.1240 0.1037 
Skewness 0.9558 -0.7706 -0.1548 0.1335 0.0884 
Kurtosis 2.5340 2.8030 2.8750 2.1810 2.6120 
      
 EWMA 
Median 2.6320 3.6050 2.7770 4.4690 1.0290 
Mean 3.7600 3.7650 3.4240 4.3610 1.0920 
Standard deviation 2.2540 1.1520 1.2500 0.7477 0.2198 
Skewness 1.0800 0.3721 0.8014 -0.5906 0.7555 
Kurtosis 2.5860 2.3480 2.2200 2.7460 3.1070 
  

Absolute Residuals 
 

Median 1.3170 1.4450 1.3460 1.4910 0.7331 
Mean 1.5200 1.4280 1.4280 1.5050 0.7940 
Standard deviation 0.9371 0.5501 0.5494 0.5896 0.2385 
Skewness 0.9004 0.2420 0.1852 0.5606 0.9108 
Kurtosis 2.7480 2.6890 2.1030 2.8630 3.3060 
      
 Realized Volatility 
Median 2.5830 2.8810 3.1580 3.2160 3.6220 
Mean 2.7540 2.8910 3.1910 3.1670 3.6140 
Standard deviation 0.7719 0.3882 0.3354 0.2562 0.2111 
Skewness 0.2755 -0.2975 0.5816 -0.3813 -0.2370 
Kurtosis 1.9330 2.8210 3.6600 2.4170 2.3340 
Note: CPA is the market capitalizations of sample stocks on March 1, 2005.  

 

 

 



18 
 

Table 3: Summary Statistics of Volatility Measures after Tick Size Reduction 
Firm-Size Quintile 1 2 3 4 5 
CAP (in Million NTD) 5,758.71 10,356.43 17,287.43 31,373.29 373,160.00
           

GARCH(1,1) 
Median 1.5410 1.2770 1.6670 1.6690 0.9599 
Mean 1.5770 1.2750 1.6770 1.6030 0.9361 
Standard deviation 0.2318 0.1876 0.2657 0.2297 0.1212 
Skewness 0.0117 -0.1438 0.1730 -1.6060 -0.9294 
Kurtosis 3.1980 2.3010 2.3300 4.9050 3.5830 
           
  EWMA 
Median 3.0790 2.5970 3.5660 3.1330 1.1840 
Mean 3.2310 2.8320 3.7500 3.3790 1.2950 
Standard deviation 0.8075 0.6762 0.9507 0.8639 0.3034 
Skewness 0.7711 1.4560 1.0300 0.8041 0.7449 
Kurtosis 2.4900 4.8800 3.9260 3.2280 3.2330 

 
 

Absolute Residuals 
 

Median 1.2020 1.0300 1.0820 1.1620 0.7782 
Mean 1.2400 1.0790 1.2780 1.2540 0.8440 
Standard deviation 0.5434 0.3642 0.5885 0.5840 0.4017 
Skewness 1.0000 0.3427 2.4670 1.8440 2.0090 
Kurtosis 4.4190 2.4040 9.0170 8.2400 8.6370 
           
  Realized Volatility 
Median 2.0120 1.7060 2.0540 1.9870 1.3000 
Mean 2.0660 1.7620 2.0800 2.0030 1.3030 
Standard deviation 0.4180 0.2620 0.4154 0.4604 0.2057 
Skewness 2.1870 0.8984 0.4391 1.7770 0.7251 
Kurtosis 10.0200 3.0020 3.2850 8.6290 3.6150 
Note: CPA is the market capitalizations of sample stocks on March 1, 2005. 
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Figure 1: The Average Intraday Five-Minute Realized Volatility during the Entire 
Sample Period 

 

 

 

With regard to the commonly observed intraday U-shaped pattern of return 

volatility, we use the most robust realized volatility to illustrate the intraday return 

fluctuations during the entire sample period, namely January 7 to April 13, 2005. 

Figure 1 exhibits intraday variation of the mean 5-minute realized volatility across 61 

trading days and indeed shows a U-shaped pattern for our sample as predicted by the 

previous literature.  
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