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Several models exist for estimating volatility of stocks. In this paper, comparisons are made for the performance characteristics of seven volatility estimators using the data for eleven Banks from the Nigerian Stock Exchange (NSE) daily prices for the period 3rd January 2006 to 31st December 2008. The estimations computed are: Standard Deviation, Historical Close-to-Close, Parkinson, Garman-Klass, Rogers-Satchell, Modified Garman-Klass and Yang Zhang volatility estimators.  The volatility computations for the estimators employed the open, high, low and close values of daily prices using 5, 10 and 20 days intervals with no overlapping. The Models are automated using Microsoft Visual Basic Express Edition with the volatilities output generated by the estimators further analyzed using SPSS and Microsoft Excel software packages. The criteria used to evaluate the performances of these volatility estimators are the Mean Absolute Deviation (MAD), Standard Error (STDERR) and Efficiency. The Efficiency test compares the relative uncertainty of the various estimators using standard deviation as the benchmark while the MAD and STDERR are used to find the mean absolute deviation and the standard error of the estimators respectively. In terms of MAD and STDERR, the Parkinson model performs better than other estimators while the Garman-Klass performs better than other estimators in Efficiency. The only common finding is that the Standard Deviation estimator is the least performing of the estimators. Finally, the levels of correlation between volatility estimators are found to be very high.
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1. INTRODUCTION
Many research works are being carried out to make inquiry on volatility in the stock market worldwide. Volatility is the market instrument that when used properly can increase trading profits and reduce risks to investments.  Volatility is traditionally associated with chaos and instability. Naturally, there are very few things that are consistent enough not to exhibit volatility (Fontanills and Gentile (2003)).

Daye et. al. (2001) stated that volatility is the most basic statistical risk measure. It can be used to measure the market risk of a single instrument or an entire portfolio of instruments. It can be expressed in different ways; the typical definition used in finance is the standard deviation of a financial random variable (Oyelami and Ademola (2014), Ejiofor (2014)).  
Brandt and Kingsley (2003) stated   that Volatility estimation is of central importance to risk management, pricing and Portfolio construction. A number of attempts have been made in the last three decades to improve upon the classical standard deviation of daily returns as an estimator of asset volatility.  Many of these estimators, are those developed by Parkinson (1980), Garman and Klass (1980), Rogers and Satchell (1991, 1994) and make use of information on daily trading.  
Volatility generally stems from the arrival of new information.  For example when investors received news concerning corporate profits, interest rates, dividends or the economy, they use that information to make buying and selling decisions(Oyelami and Adedoyin (2014)).  
Historical volatility is computed using past stock prices. It can be calculated using the standard deviation of stock’s price changes from close to close of trading going back a specified number of days. Although 5, 10, 20, and 90 days are often used. Classically,  historical  volatility  is computed  as  the  standard  deviation  of  daily  returns  within  a  certain period. It is unrealistic to assume that the volatility of asset returns remains constant during a long period; therefore the volatility estimated with the classical estimator is essentially the average volatility over the specified period.
The volatility of various asset returns lies in the center of option pricing, portfolio allocation, and risk management problems. Any financial economist or expert has to pay a huge amount of attention to the study on the measurement and forecasting methods of volatility, because the volatility measures the risk of an investment in a stock. It is an important piece of information in constructing an optimal portfolio. Historical volatility is also used by option traders as a proxy for future volatility in evaluating options.  Its  value  is  directly  related  to  the  benchmark  value  of  the option. There  is  no  doubt  that  volatility  is  a  central  concept  in  the  theory  and  application of  quantitative  finance. Therefore, correct modeling of volatility is always desirable to both practitioners and researchers (Oyelami and Adedoyin (2015)).     
Historical volatility is the most frequently used one, can be estimated as the simple standard deviation of returns based on closing prices for a certain period. The idea of using information on the daily high and low prices, as well as the opening and closing prices, goes back a long way, to (Parkinson, 1980) and (Garman and Klass, 1980) at least, with further contributions by (Beckers, 1983), (Ball and Torous, 1984), (Rogers and Satchell,1991) and (Yang and Zhang, 2000)  among others.  These volatility estimators are classified as range estimators because they use information on daily trading range. 
 Recently, Alizadeh, et.al. (2002) extended the range-based estimators to estimate stochastic volatility models. Theoretically, range estimators are more efficient than the classical close-to-close estimator. It has been proven that the Parkinson estimator is five times more efficient than the classical estimator and the Yang and Zhang estimator is 7.3 times more efficient than the classical volatility estimator. However, range estimators are built on the strict assumption that an asset price follows a geometric Brownian motion, which is certainly not the case in real markets. People often use the range estimators to study the volatility patterns of market data  without taking  into  account  the  assumptions  made  on  developing  the  range estimators.  It is obvious that deviation from a geometric Brownian motion will affect the accuracy and efficiency of range estimators, but it is important to know the extent to which they remain useful in the analysis of real market behavior.
Another merit of range volatility estimators could be the greater informational contents because they are calculated with opening prices, the highest prices, the lowest prices as well as closing prices. In spite of these appeals, the strict assumptions of log-normal asset returns distribution and continuous trading have been a big obstacle for attracting enough attention. For instance, Marsh and Rosenfeld (2003) and Wiggins (1991, 1992) show that the analyses using range  volatility  estimators  succeed  in  enhancing  efficiency  but  fail  to  reduce  biasness.  The main  cause  of  this  finding  is  the  low  liquidity  of  the  assets  under  their  studies  which lead  to  the  violation  of  continuous  trading  assumption.
Furthermore, recent development of Information Technology (IT) and advance of financial Statistics have made researchers jump over these obstacles with the availability of high frequency data. Quite useful results have been reported that the assumption of log-normal asset returns distribution is not necessary (Andersen and Bollerslev (1998), Andersen et.al. (2001, 2002), Andreou and Ghysels (2002), Barndorff et.al (2002)).  For instance, Bali and Weinbaum (2005) and Shu and Zhang (2006) found that the range volatility estimators were not significantly biased and were also robust to microstructure errors like bid-ask spread. The relative efficiency and simplicity of range volatility estimators make a strong case for evaluating their performance further (Vipul and Jacob (2007).
The motivation for study in this paper is to develop automated Microsoft Visual Basic programs which can be used for calculating volatility on daily basis for the Nigerian Stock Exchange market prices. This will guide stakeholders, investors, stockbrokers, Government etc to have the opportunity of having enough and available information about the market for decision making. The volatility we will consider in this paper is with respect to the share price and the programs tested using the historical data for thirteen banks listed in the Nigerian stock market.

Volatility is often used as a measure of market quality in microstructure research, and there are a number of ways in which it can be measured. Hence, it is important to determine how best to measure volatility (Sambo (2009)). Since an in-depth knowledge of the stock market volatility is of paramount importance to the stock market players. This study has tried to make an analysis of the concept for easy understanding by the players. The paper is significant because it has used the basic historical volatility estimators to cause an understanding of the various aspects of the concept. Computer programs are used to automate the models. It is important that an investor be very knowledgeable of this concept to enable him take a buy or a sell decision. The study in this paper is expected to provide such medium.
2. Statement of the Problem
The primary aim of this paper is to compare the performance of seven volatility estimators which employs opening, closing, high and low values of daily prices on the Nigerian Stock Exchange banking stocks for the period 3rd January 2006 to 31st December 2008. It is hoped that after the analysis, useful suggestions can be given as to which type of volatility estimator is most suited for the Nigerian Stock Exchange Banking sector. 
The knowledge of the capital market by the operators is limited to a very few professionals, particularly that of volatility and volatility estimators. The teeming investors rely so much on their stockbrokers for the market analysis of their stocks. Therefore, the understanding of the volatility of the prices of stocks becomes pertinent. Hence this paper seeks to demonstrate the importance of understanding of the volatility of stocks prices using various estimators, since investment decisions cannot be made in a vacuum.
Notations
Throughout this paper we will make use of the following notations:
	[image: sym_9d43cb8bbcb702e9d5943de477f099e2]
	Volatility 

	Z 
	Number of closing prices in a year 

	n 
	Number of historical prices used for the volatility estimate 
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	The opening price 
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	The high price
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	The low price
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	The close price

	
	

	n 
	Number of historical days used in the volatility estimate 
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	Log return on the ith  day 

	
	



We shall also use the following notations too:
 = Standard Deviation
ri= closing prices of an asset

= mean of all closing prices in the period t=1 to n

3. METHODOLOGY
Volatility can be estimated using various estimators ranging from ordinary standard deviation to more sophisticated estimators. In this study we shall be looking at the following well known volatility estimators to analyze the performance and efficiency of the estimators using the historical data of eleven Banks listed in the Nigerian Stock Exchange Market.
[bookmark: _Toc259371223]3.1 	The standard deviation 
The easiest method to evaluate volatility is simply using the classical definition of standard deviation.
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The simplest method to estimate volatility and it will be used as the benchmark.

Another simple model for estimating volatility that reflects the past price movement of the underlying asset is the close-to-close volatility estimator.

3.2 [bookmark: _Toc259371224]The Close-to-Close volatility estimator
The close-to-closed volatility reflects the pas price movements of the underlying asset. It is also referred to as the asset’s actual volatility and it is given as:
[image: ]
3.3 [bookmark: _Toc259371225]  The Parkinson volatility estimator
The Parkinson model uses daily High and Low prices and has no drift term. Its efficiency intuitively comes from the fact that the price range of intraday gives more information regarding the future volatility than two arbitrary points in the series. It uses range the highest value –the lowest value variance instead of a widely used method for estimating variance of
 Log- transformed stock returns. The Parkinson volatility estimator is given as :



3.4 [bookmark: _Toc259371226]The Garman & Klass Volatility Estimator 
The Garman & Klass volatility estimator which make use of daily Opening, Closing, High and Low prices of the stock. The estimator assumes the underlying process is govern by Brownian motion with zero drift and has no opening jump. The Garman & Klass Volatility Estimator is given as:
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3.5 [bookmark: _Toc259371227]   Yang Zhang Volatility Estimator
The Yang Zhang volatility estimator is an extension of Garman-Klass which allows for opening jump with zero drift. The estimator uses Opening, Closing, High and Low prices. Yang Zhang volatility estimator is give as
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3.6 [bookmark: _Toc259371228]The Rogers & Satchell Volatility Estimator
Our next estimator which is independent of the drift and Independent of opening gaps weighted average is the Rogers-Satchell. The estimator makes use of the Open-Close volatility and Close-Open volatility. When the estimator is heavily dominated by opening jumps, its performance degrades to the classical Close-to-Close estimator. The Rogers-Satchel estimator is given as 
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3.7 [bookmark: _Toc259371229]Yang Zhang Volatility Estimator 
Yang Zhang volatility estimator has the following properties:
1. Independent of the drift;
2. Independent of opening gaps weighted average of Rogers-Satchell, Open-Close and Close-Open volatility;
3. When heavily dominated by opening jumps, the performance degrades to classical Close-to-Close volatility estimator.
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3.8 Data
The baseline data used to evaluate the volatility estimators comprises of the NSE daily returns for eleven Banks for the period 3rd January 2006 to 31st December 2008. The data was downloaded from the www.cashcraft.com website. The Banks were: Access, Afribank, FCMB, Fidelity, Firstbank, Guaranty, IBTC, Intercontinental, UBA, Wema and Zenith Banks.

The models are automated using Microsoft Visual Basic 2008 Express edition and the volatilities output generated using the data by the estimators models are further analyzed using the SPSS and the Microsoft Excel software packages. The program can accept any number of sample size n-day, with no overlapping.
Here the focus of interest is on the relative performance of the aforementioned estimators on the dataset. The estimators are calculated using samples of 5, 10 and 20 days interval on the dataset and with no overlapping. 
3.9 Empirical Test
The empirical test of the performance of the estimators on the baseline data is carried out on year by year basis and for (i) 5-day daily returns interval, (ii) 10-day daily returns interval and (iii) 20-day daily returns interval.
The measures used to access the performance of the estimators on the baseline data are as follows:
[bookmark: _Toc259371233]3.9.1 MAD (Mean Absolute Deviation)

MAD 
Where

= estimated volatility for the ith Bank


 = mean value for, i=1 to N
    N = total no of Banks used for the analysis
[bookmark: _Toc259371234]3.9.2 Standard Errors Mean


S.E. = 
Where  


= Standard deviation of, for i=1 to N
N = total number of Banks collated in the data
[bookmark: _Toc259371235]3.9.3 Efficiency

Efficiency 
Where 

 = volatility obtained by using the classical definition of standard deviation

 = the respective volatility obtained for the estimator K under consideration, e.g. K = Parkinson estimator. The mean volatilities for each of the estimators are compared using the classical standard deviation as a benchmark.
4. RESULTS and DISCUSSION 
[bookmark: _Toc259371238]4.1 Performance Statistics on 5-day Interval Volatility Estimation
The summary of the performance statistic for the volatility estimators used in the 5-day interval with no overlapping is as tabulated in Table 1. 
Generally, the volatilities recorded by the estimators in 2008 are higher than the percentages in 2006 and 2007 respectively. This may be attributed to the bear run (downward stocks prices market trends) recorded in the 3rd and 4th quarter of 2008. On the other hand, the volatilities obtained for 2006 are higher than 2007 with the exception of Standard deviation. This may be as result of the Banks consolidation exercise that was concluded in December 2005. Immediately after the exercise, there was a bull run (upward stocks prices market trends). 
The MAD values for 2006 are the highest, followed by 2007 values with the exception of CC. This may also be due to the Bull Run. Similarly, the STDERR percentages for 2006 are higher followed by 2007 and 2008.
Generally, the efficiency values for 2007 are the highest when compared to 2006 and 2008. This is followed by 2008 with the exception of the CC values. This could be attributed to stability assumed after the consolidation exercise. The 2008 efficiency is low may be because of the financial meltdown.
	VOLATILITY ESTIMATORS

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	48.16%
	40.45%
	29.63%
	28.02%
	48.61%
	34.51%
	63.29%
	GK, PARK, RS, CC, STDEV,GKYZ, YZ

	2007
	60.08%
	33.78%
	27.49%
	25.57%
	42.36%
	29.68%
	52.27%
	GK, PARK, RS, CC, GKYZ, YZ, STDEV

	2008
	76.91%
	72.68%
	34.00%
	29.62%
	69.55%
	38.21%
	95.61%
	GK, PARK, RS, GKYZ,CC, STDEV, YZ

	MAD 

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	3.99
	2.01
	1.12
	1.25
	1.70
	1.55
	2.35
	PARK, GK, RS, GKYZ, CC, YZ, STDEV

	2007
	3.74
	0.99
	0.91
	0.87
	1.21
	1.04
	1.42
	GK, PARK, CC, RS, GKYZ, YZ, STDEV

	2008
	2.79
	1.26
	0.55
	0.64
	0.94
	0.77
	1.17
	PARK, GK, RS, GKYZ, YZ, CC, STDEV

	STDERR 

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	13.4%
	6.40%
	3.77%
	4.32%
	5.39%
	5.42%
	7.19%
	PARK, GK, GKYZ, RS, CC, YZ, STDEV

	2007
	10.23%
	3.38%
	3.14%
	3.00%
	4.14%
	3.54%
	5.08%
	GK, PARK, CC, RS, GKYZ, YZ, STDEV

	2008
	8.82%
	3.64%
	1.42%
	1.72%
	2.81%
	2.16%
	3.54%
	PARK, GK, RS, GKYZ, YZ, CC, STDEV

	Efficiency 

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Descending order

	2006
	 
	1.19
	1.63
	1.72
	0.99
	1.40
	0.76
	GK, PARK, RS, CC, GKYZ, YZ

	2007
	 
	1.78
	2.19
	2.35
	1.42
	2.02
	1.15
	GK, PARK, RS, CC, GKYZ, YZ

	2008
	 
	1.06
	2.26
	2.60
	1.11
	2.01
	0.80
	GK, PARK, RS, GKYZ, CC, YZ


[bookmark: _Toc259377354]Table 1:  5-day Interval Performance Statistic Summary
4.2 Performance Statistic on 10-day Interval Volatility Estimation
The summary of the performance statistic for the volatility estimators in the 10-day intervals with no overlapping is tabulated in Table 2.
Generally the volatilities estimated for 2008 are the highest, followed by that of 2006 with 2007 having the lowest. This may be attributed to the bear run (downward stocks prices market trends) recorded in the 3rd and 4th Quarter of 2008. Again, the volatilities obtained for 2006 are higher than 2007. This may be as result of the consolidation exercise in 2005 where there was a bull run (upward stocks prices market trends) after the exercise.
The MAD values for 2006 are generally higher than that of 2007 and 2008 with the exception of the standard deviation where values for 2007 are higher. The standard errors percentages for 2006 are also higher than the respective percentages in 2007 and 2008 with the exception of standard deviation.  Efficiency values are higher in 2007 as compared to the respective values in 2006 and 2008. However, those of 2008 are also higher than the respective values in 2006.
	VOLATILITY

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	46.75%
	41.81%
	30.37%
	28.57%
	51.65%
	36.30%
	64.60%
	GK, PARK, RS, CC, STDEV, GKYZ, YZ

	2007
	145.37%
	35.78%
	29.80%
	26.64%
	45.69%
	32.53%
	52.43%
	GK, PARK, RS, CC, GKYZ, YZ, STDEV

	2008
	122.09%
	71.10%
	34.39%
	29.21%
	70.70%
	38.89%
	90.48%
	GK, PARK, RS, GKYZ, CC, YZ, STDEV

	MAD 

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	4.43
	2.22
	1.21
	1.41
	2.01
	1.76
	2.70
	PARK, GK, RS, GKYZ, CC, YZ, STDEV

	2007
	6.31
	0.64
	0.62
	0.61
	0.81
	0.71
	0.86
	GK, PARK, CC, RS, GKYZ, YZ, STDEV

	2008
	4.93
	1.32
	0.55
	0.70
	0.97
	0.77
	1.20
	PARK, GK, RS, GKYZ, YZ, CC, STDEV

	 STDERR

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	15.06%
	7.28%
	4.22%
	4.83%
	6.43%
	6.22%
	8.60%
	PARK, GK, RS, GKYZ, CC, YZ, STDEV

	2007
	20.10%
	2.32%
	2.38%
	2.49%
	3.08%
	2.87%
	3.21%
	CC, PARK, GK, RS, GKYZ, YZ, STDEV

	2008
	15.18%
	3.74%
	1.43%
	1.92%
	2.86%
	2.18%
	3.55%
	PARK, GK, RS, GKYZ, YZ, CC, STDEV

	 Efficiency

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Descending order

	2006
	 
	1.12
	1.54
	1.64
	0.91
	1.29
	0.72
	GK, PARK, RS, CC, GKYZ, YZ

	2007
	 
	4.06
	4.88
	5.46
	3.18
	4.47
	2.77
	GK, PARK, RS, CC, GKYZ, YZ

	2008
	 
	1.72
	3.55
	4.18
	1.73
	3.14
	1.35
	GK, PARK, RS, GKYZ, CC, YZ

	
	
	
	
	
	
	
	
	


[bookmark: _Toc259377358]
Table 2: 10-day Interval Performance Statistic summary
4.3 Performance Statistics on 20-day Interval Volatility Estimation
The summary of the performance statistics for the volatility estimators in the 10-day intervals with no overlapping is tabulated in table 3.
It follows also, that volatilities obtained in 2008 are generally higher than the respective percentages in year 2006 and 2007 with the exception of standard deviation values which are highest in 2007. Note also that the values for 2006 are higher than those obtained in 2007.
The MAD values obtained for 2006 are higher than the values obtained in 2007 and 2008. Those for 2008 are higher than the respective values in 2007. The only exception is the standard deviation.
The standard errors are also peaked in 2006 as compared to 2007 and 2008. There are some variants with respect to the values obtained in 2007 and 2008.
The efficiency coefficients in 2007 are generally higher than the values obtained in 2006 and 2008. However, some variations are noticeable in 2006 and 2008. 
	Volatility

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	112.57%
	43.26%
	30.29%
	27.65%
	53.19%
	36.89%
	64.88%
	GK, PARK, RS, CC, GKYZ, YZ, STDEV

	2007
	212.99%
	35.73%
	29.39%
	24.93%
	45.66%
	32.47%
	49.86%
	GK, PARK, RS, CC, GKYZ, YZ, STDEV

	2008
	154.58%
	69.10%
	33.94%
	27.57%
	72.77%
	38.69%
	88.26%
	GK, PARK, RS, CC, GKYZ, YZ, STDEV

	MAD 

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	9.47
	3.00
	1.56
	1.75
	2.85
	2.31
	3.87
	PARK, GK, RS, GKYZ, CC, YZ, STDEV

	2007
	13.74
	1.31
	1.20
	1.12
	1.73
	1.35
	1.82
	GK, PARK, CC, RS, GKYZ, YZ, STDEV

	2008
	7.57
	1.86
	0.87
	1.00
	1.90
	1.14
	2.37
	PARK, GK, RS, CC, GKYZ, YZ, STDEV

	 

STDERR

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Ascending order

	2006
	28.06%
	8.46%
	4.61%
	5.05%
	7.34%
	7.01%
	9.90%
	PARK, GK, RS, GKYZ, CC, YZ, STDEV

	2007
	31.34%
	2.08%
	2.39%
	2.65%
	3.06%
	3.00%
	3.13%
	CC, PARK, GK, RS, GKYZ, YZ, STDEV

	2008
	18.08%
	3.38%
	1.37%
	1.96%
	3.34%
	2.15%
	4.22%
	PARK, GK, RS, GKYZ, CC, YZ, STDEV

	Efficiency 

	Year
	STDEV
	CC
	PARK
	GK
	GKYZ
	RS
	YZ
	Ranking in Descending order

	2006
	 
	2.60
	3.72
	4.07
	2.12
	3.05
	1.74
	GK, PARK, RS, CC, GKYZ, YZ

	2007
	 
	5.96
	7.25
	8.54
	4.66
	6.56
	4.27
	GK, PARK, RS, CC, GKYZ, YZ

	2008
	 
	2.24
	4.55
	5.61
	2.12
	4.00
	1.75
	GK, PARK, RS, CC, GKYZ, YZ


[bookmark: _Toc259377362]Table 3:  20-day Interval Performance Statistic Summary
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Figure 1: Volatility Estimators Vs Banks: 2006 5-Day Interval



Figure 2: Volatility Estimators Vs Banks: 2007 5-Day Interval



Figure 3: Volatility Estimators Vs Banks: 2008 5-Day Interval











Figure 4:  Volatility Estimators Vs Banks: 2007   10-Day Interval



Figure 5:  Volatility Estimators Vs Banks: 2008   10-Day Interval













Figure 6: Volatility Estimators Vs Banks: 2006 20-Day Interval




Figure 7: Volatility Estimators Vs Banks: 2007 20-Day Interval





	 	
Figure 8: Volatility Estimators Vs Banks: 2008 20-Day Interval 
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Figure 9: The deployment of Microsoft Visual Basic Platform for computation for the volatility estimator
[bookmark: _Toc259371241]4.2	Correlation
[bookmark: _Toc259371242]4.2.1		5-day interval correlation
Tables 4 to 6 show the correlation coefficients of the estimators for 5-day interval. The correlation of the estimators are computed for 10-day interval and the 20-day interval (see Table 7 to 9 and Table 10 to 12) respectively. There is high significance correlation between Garman-Klass/Parkinson, Rogers-Satchell/Parkinson, Rogers-Satchell/Garman-Klass and GKYZ/Yang-Zhang in 2006. In general, the correlation coefficient between CC and other estimators is almost zero with the exception of GYYZ and YZ. 
In 2007, there is high significance correlation between all the estimators. Also in 2008, the estimators are highly correlated but of lower values as compared to 2007. 
	Pearson Correlation 2006 5-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1
	0.07
	-0.03
	0.69
	-0.03
	0.80

	PARK
	 
	1
	0.99
	0.76
	0.97
	0.64

	GK
	 
	 
	1
	0.69
	0.99
	0.55

	GKYZ
	 
	 
	 
	1
	0.69
	0.98

	RS
	 
	 
	 
	 
	1
	0.56

	YZ
	 
	 
	 
	 
	 
	1


[bookmark: _Toc259377366]Table 4:  Correlation 2006 5-Day Interval




	Pearson Correlation 2007 5-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1
	0.94
	0.91
	0.96
	0.89
	0.98

	PARK
	 
	1
	0.99
	1.00
	0.99
	0.98

	GK
	 
	 
	1
	0.98
	1.00
	0.97

	GKYZ
	 
	 
	 
	1
	0.97
	0.99

	RS
	 
	 
	 
	 
	1
	0.96

	YZ
	 
	 
	 
	 
	 
	1


[bookmark: _Toc259377367]Table 5:  Correlation 2007 5-Day Interval
	Pearson Correlation 2008 5-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1
	0.61
	0.65
	0.91
	0.61
	0.96

	PARK
	 
	1
	0.93
	0.87
	0.91
	0.74

	GK
	 
	 
	1
	0.86
	0.95
	0.72

	GKYZ
	 
	 
	 
	1
	0.82
	0.96

	RS
	 
	 
	 
	 
	1
	0.70

	YZ
	 
	 
	 
	 
	 
	1


[bookmark: _Toc259377368]Table 6:  Correlation 2008 5-Day Interval
[bookmark: _Toc259371243]4.2.2		10-day interval correlation
Table 7 to 9 show the correlation coefficients of the estimators in 10-day interval.
The coefficients follow similar patterns as recorded in the 5-day interval.
	Pearson Correlation 2006 10-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1 
	0.03 
	-0.10
	0.74 
	-0.05
	0.80 

	PARK
	 
	1 
	0.98 
	0.69 
	0.98 
	0.59 

	GK
	 
	 
	1 
	0.59 
	0.99 
	0.49 

	GKYZ
	 
	 
	 
	1 
	0.63 
	0.99 

	RS
	 
	 
	 
	 
	1 
	0.55 

	YZ
	 
	 
	 
	 
	 
	1 


[bookmark: _Toc259377369]Table 7:  Correlation 2006 10-Day Interval


	Pearson Correlation 2007 10-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1 
	0.86 
	0.76 
	0.92 
	0.76 
	0.93 

	PARK
	 
	1 
	0.98 
	0.98 
	0.97 
	0.98 

	GK
	 
	 
	1 
	0.94 
	0.99 
	0.92 

	GKYZ
	 
	 
	 
	1 
	0.94 
	0.99 

	RS
	 
	 
	 
	 
	1 
	0.93 

	YZ
	 
	 
	 
	 
	 
	1 


[bookmark: _Toc259377370]Table 8:  Correlation 2007 10-Day Interval
	Pearson Correlation 2008 10-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1 
	0.67 
	0.64 
	0.93 
	0.63 
	0.92 

	PARK
	 
	1 
	0.91 
	0.87 
	0.90 
	0.81 

	GK
	 
	 
	1 
	0.82 
	0.95 
	0.76 

	GKYZ
	 
	 
	 
	1 
	0.80 
	0.98 

	RS
	 
	 
	 
	 
	1 
	0.78 

	YZ
	 
	 
	 
	 
	 
	1 


[bookmark: _Toc259377371]Table 9: Correlation 2008 10-Day Interval
[bookmark: _Toc259371244]4.2.2	 	20-day interval correlation
Tables 10 to12 shows the correlation coefficients of the estimators in 20-day interval. 
The coefficients follow similar patterns as recorded in the 5-day interval and 10-day interval.

	Pearson Correlation 2006 20-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1 
	0.02 
	-0.16
	0.79 
	-0.04
	0.83 

	PARK
	 
	1 
	0.98 
	0.62 
	0.98 
	0.53 

	GK
	 
	 
	1 
	0.46 
	0.98 
	0.38 

	GKYZ
	 
	 
	 
	1 
	0.57 
	0.99 

	RS
	 
	 
	 
	 
	1 
	0.51 

	YZ
	 
	 
	 
	 
	 
	1 


[bookmark: _Toc259377372]Table 10:  Correlation 2006 20-Day Interval


	Pearson Correlation 2007 20-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1 
	0.78 
	0.63 
	0.88 
	0.66 
	0.84 

	PARK
	 
	1 
	0.97 
	0.98 
	0.98 
	0.98 

	GK
	 
	 
	1 
	0.91 
	0.99 
	0.93 

	GKYZ
	 
	 
	 
	1 
	0.93 
	0.99 

	RS
	 
	 
	 
	 
	1 
	0.95 

	YZ
	 
	 
	 
	 
	 
	1 


[bookmark: _Toc259377373]Table 11:  Correlation 2007 20-Day Interval

	Pearson Correlation 2008 20-Day Interval 

	 
	CC
	PARK
	GK
	GKYZ
	RS
	YZ

	CC
	1 
	0.65 
	0.55 
	0.96 
	0.56 
	0.96 

	PARK
	 
	1 
	0.91 
	0.81 
	0.89 
	0.73 

	GK
	 
	 
	1 
	0.75 
	0.92 
	0.70 

	GKYZ
	 
	 
	 
	1 
	0.74 
	0.98 

	RS
	 
	 
	 
	 
	1 
	0.73 

	YZ
	 
	 
	 
	 
	 
	1 


[bookmark: _Toc259377374] Table 12:  Correlation 2008 20-Day Interval

Generally, in terms of MAD and STDERR, the Parkinson is found to outperform other estimators with respect to the minimum average values recorded for the dataset. For Efficiency, the Garman-Klass outperforms other estimators in which the maximum average Efficiency coefficients are recorded for the dataset. The only common finding is that the Standard Deviation is the least performed estimator used.

Furthermore, the levels of correlation between volatility estimators are very high with the exception of some few cases with respect to the Close-to-Close estimator. It was also noted that the particular period analyzed – 3/01/2006 to 31/12/2008 – were marked by strong market swings due to the banking sector consolidation exercise in Nigeria which was concluded in December 2005 and the world-wide economic meltdown which commenced in 2008. Due to the fragility of the market at the period, the volatility estimates evaluated tend to exhibit high values especially in 2006 and 2008. This is attributed to the bull run (upward stocks prices market trends) in 2006 especially in banking stocks where banks stocks prices keep increasing and the bear run (downward stocks prices market trends) which started in 2008 due to the world-wide economic meltdown.
 
5. Conclusion
In this study we compared the performance characteristics of a number of volatility estimators in an empirical test on historical data from eleven Banks listed Nigerian Stock Exchange .The price movement  for Banks were analysed from January 3, 2006 to December 31, 2008. The estimators used were: Standard Deviation, Close-to-Close, Parkinson, and Garman-Klass, Garman-Klass modified by Yang-Zhang, Rogers-Satchell and Yang-Zang volatility estimators. The estimators used to evaluate the performances of the volatility estimators are the Mean Absolute Deviation (MAD), Standard Error (STDERR) and Efficiency using Standard Deviation as the benchmark.

Conclusively, one can appreciate that there is no “right” model and at the best what one can do is to pick a model that mimics the most important behavior of the market with minimum MAD, STDERR and maximum Efficiency. Previous findings suggest that the standard deviation is not necessarily the best measure of stock price volatility with daily stock price changes because of the statistical properties of stock market returns and this study has equally confirmed that.

From the conclusion above, it is found that the standard errors generated from the estimators are generally high. Even the more recently developed models like the Yang-Zhang and Rogers-Satchells which have been tested and proven to be more efficient on other indices world-wide were not in conformity with the data used. This in our own opinion may require further modeling and or development of newer models that will generate minimum STDERR and MAD values and higher efficiency particularly for Nigerian Stock Exchange Index.
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2008 5-DAY
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2008  10-DAY
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VOLATILITY



2006 20-DAY
STDEV	0.49349509924508211	0.65084124323834569	0.30353531985057802	0.14158168644614899	3.6733395412145811	1.2700412711884799	0.41768480423489129	0.77501653846903462	0.92304782754212866	1.84566035388678	1.7722223002854198	1.2418517230536499	CC	0.48577398772713398	0.18878779851303068	0.302596128876362	0.22355552747723101	0.50077513707636401	0.39941745077584623	0.25461005798774367	0.19449143550567136	0.41289082920501874	0.98665550290554704	1.0390365926930298	0.202225527776071	PARK	0.74827876041292596	0.14768806809928001	0.37896236491177065	0.194163245168782	0.25456591623518793	0.26931267410431647	0.357762092066222	0.25582720451808399	0.351141860783168	0.30851735672677	0.15992988373110512	0.20863443410887741	GK	0.73476080536074795	0.11198393157731902	0.40114662689602976	0.19139438914764523	0.19028608838498901	0.21864147990243676	0.38089210973996429	0.26507498574010174	0.32767897621947401	0.22845901611923541	6.6123342792108866E-2	0.20118034989133199	GKYZ	1.0173350935907899	0.23140580721287399	0.50731829114857363	0.29564970021824932	0.51162241637858796	0.44921338803463401	0.47022270491774654	0.34901080567486509	0.519167852904869	0.89855431333937863	0.83723690985119759	0.29629638564301802	RS	1.0531963621311198	0.14628883198477899	0.51711231453104056	0.22436657781388067	0.24210930400063199	0.28760028288999412	0.50902761317919942	0.33062447027402786	0.35744717306065266	0.30051736363379272	0.20547913654805094	0.25325830313359893	YZ	1.2503236056083953	0.28083449513100767	0.61183584565998494	0.36009630280995647	0.60614043010724505	0.50008203696174158	0.6004637500111355	0.39345921585922539	0.534767310662145	1.1266535303696901	1.1806236438978499	0.34028977764283247	BANKS

VOLATILTY



2007 20-DAY
STDEV	1.1326708737687818	1.0193032878471222	0.68874362848755344	3.1456270785836802	2.5180451764897156	1.0127334856066399	2.0670659690261797	2.1175335522594678	3.1327471570495877	2.8893398959190701	3.7055040057657211	CC	0.32526362067217202	0.35106583121902474	0.33251430568911178	0.28857258924320867	0.46224732996672679	0.22583671355636323	0.41512107978082774	0.39587142064685066	0.37137270446127374	0.43980675792141127	0.32226059698127574	PARK	0.26729728813032488	0.30809365020494678	0.26119688333056162	0.21736284212708254	0.34366051438761974	0.17066670200104	0.47405002830473902	0.30146370767326625	0.24768344107874299	0.34552230913578408	0.29628759928391674	GK	0.24379275496428701	0.26303930103259893	0.20005698276829623	0.16577047845270801	0.268554126586663	0.14310921414453401	0.47272894622738698	0.25317137519870397	0.18229434906071079	0.29033330495502102	0.25959737190453008	GKYZ	0.40830342781107298	0.46997111516430512	0.42187778970925399	0.35578011561275774	0.54712650877694591	0.27644724680386301	0.65884125796156734	0.48580793588961829	0.42977483415485129	0.53077461468864695	0.43814025869863199	RS	0.31733621504354748	0.35843893262756898	0.28378412510102502	0.2186108911962367	0.34347163141325898	0.17910105020726999	0.56919108768392523	0.31631532890171032	0.28416060998252074	0.36166215553895797	0.34010165262016379	YZ	0.47058952702107298	0.53565714049080604	0.45551946905453738	0.39807229544277423	0.57685647143989272	0.31546779420792254	0.71275724618351877	0.50085108391427302	0.46908613932897836	0.57766002302532404	0.47212236499924576	BANKS

VOLATILTY



2008 20-DAY
STDEV	0.94692878164310024	1.5538925734576499	0.81562203897819696	0.50868023818588648	2.5450574040679901	1.6947872203289092	1.0646476495568364	1.7995127100759598	1.3814698486202599	2.3939499832734463	1.95344694720578	1.8917289158772999	CC	0.57404226054257923	0.8802898248628015	0.77722879491883823	0.87440159484439595	0.60759564851865655	0.62403260940040395	0.74234074671916905	0.66834514774612963	0.62245323520527363	0.65014622420610113	0.76388411337164663	0.50679192727565903	PARK	0.37980858238873594	0.39855274515258454	0.39371788546679998	0.39474045672903102	0.30130874559604948	0.29913076556913898	0.39558930370749923	0.29997945018677602	0.31731087328498325	0.30980608359497097	0.29469801105043197	0.28780120585619101	GK	0.33345333811217798	0.34999640056676301	0.37835967247282737	0.35053308147258999	0.19101593280228851	0.197325416847693	0.32609504332490125	0.23266144035566899	0.23537300199604988	0.20850853055356641	0.2307603891019209	0.27429331713464788	GKYZ	0.67977323217274865	0.91070965331256948	0.8574470583075956	0.9067120000450225	0.62886825205468833	0.62720441519360492	0.79391234525800958	0.70393203209548583	0.63950033087624558	0.66172473477738636	0.75382680327893536	0.56860794755886823	RS	0.43733270399717017	0.45243373960282102	0.460144198577218	0.50662041086002363	0.29582392504027227	0.29122681300023712	0.45612950900975874	0.37011475080263612	0.31991989372046592	0.37566563225959132	0.30213955790150693	0.37556603583338632	YZ	0.78273711197283058	1.0939007846564199	1.0343154026913801	1.12283478397874	0.75924228519268699	0.72470319085067303	0.96022565357186074	0.89370352304450063	0.74718827557509149	0.82673703908083995	0.93505681274726249	0.71009813277755263	BANKS

VOLATILTY
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