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Efficiency Analysis and Volatility Effect of Bangladesh Stock Market
ABSTRACT
This paper empirically examines the behavior of stock returns in the Bangladesh stock market namely Dhaka Stock Exchange (DSE), the efficiency of the market in pricing securities and the relationship between stock returns and conditional volatility and the impact of some institution factors such as lock-in, circuit breaker, and caretaker government on volatility, using best known three different daily price indices DSEG, DSI and DS20. The results of autocorrelation function, results of ADF and PP tests and also the results of ARIMA models do not support the hypothesis of weak-form of market efficient of DSE. The results of GARCH (p, q)-M models indicate significant departure from the hypothesis of weak form efficiency; the tendency for returns to exhibit volatility clustering; and a significant positive link between risk and returns for DS20, positive but not significant for DSI and negative and very insignificant for DSEG index. Thus it can be said that the mean variance hypothesis holds for DSE as the evidence is found that investors are rewarded for taking increased risk for the securities of DS20 and DSI but not for DSEG. It has been found that the imposition of lock-in and circuit breaker have significant negative impact on volatility in DSE. Thus the lock-in and circuit breaker systems significant contributed to the volatility of realized returns. Lastly it has been found that during time periods of the Caretaker Government of Bangladesh from 12th January 2007 to 6th January 2009, led to massive inflows of capital which were invested in the DSE, thereby significantly influencing its volatility. 
Keywords: Market Efficiency, Hypothesis testing, ADF and PP tests, ARIMA Model, GARCH(p, q)-M Model 
JEL Classification: G12, G14, G34, C22, C52
INTRODUCTION 
A capital market will play as a strong catalyst in the industrialization and economic development of the country.The Dhaka Stock Exchange (DSE) is a new and emerging stock exchange located in the capital city of Bangladesh. The Dhaka Stock Exchange has also undergone significant changes contributing towards the development of Bangladesh capital market. Theoretical and empirical literature has shown that the prices of shares and other assets are an important part of the dynamics of economic activity of the country. The development of the capital market is crucial for capital accumulation, efficient allocation of recourses and promotion of economic growth. The capital market acts as an intermediary between surplus units and deficit units of an economy and facilitates savings into investments. In addition, by ensuring liquidity for the invested funds, the capital market ensures optimum allocation of resources. Bangladesh being a developing nation in South Asia and characterized by underinvestment and poor infrastructure development needs presence of organized and well–functioning financial markets that would facilitate investment in efficient and profitable ventures and promote economic advancement. The Bangladesh’s Dhaka Stock Exchange market has witnessed a radical transformation in the last decade. The adoption of international quality trading and settlement mechanisms and reduction of transaction costs have made the investors, both in domestic and foreign, more optimistic which in turn evidenced a considerable growth in market volume and liquidity. The market feature a developed regulatory framework, a modern market infrastructure, removal of barriers to the international equity investment, better allocation and mobilization of domestic resources and increased market transparency. These reforms set the stage for significant market expansion, with a trend development in size and liquidity. New equity issues, volume and value of trading and the number of traded companies all recorded significant progress. As a result, market capitalization increased from 1.3764 percent to 16.2849 percent of GDP during 1990-2009 and the turnover ratio increased from 1.6843 percent to 54.2524 percent. All these infer better efficiency of Bangladesh’s Dhaka Stock exchange market. Despite this transformation Dhaka Stock Exchange market (DSE) has been shown greater volatility which has affected the informational efficiency of DSE. The Dhaka stock market has been experiencing volatility since its inception-the indices reached the highest level in its history in November 1996 and eventually crashed; afterwards investors lost their confidence about the stock market. As a result, regulators reformed the market and introduced automation transaction in 1998 and this was expected to conduct studies on informational efficiency, particularly to investigate any improvement as a result of the automated trading system in the market. Thus both companies and investors want capital markets to assign fair prices to the securities being traded. In the language of corporate finance, companies and investors want the capital markets to be efficient. Whether capital markets are in fact efficient is a question which has been studied extensively for many years. One school of thought believes that the financial markets are efficient. Another school of thought believes that the financial markets are not efficient. Even within the believers of market efficiency, three forms of efficient market hypothesis are developed. A market is weak form efficient if the current stock prices or return series are not predictable from past prices or return information (Fama 1991) and hence follow a random walk. The market is semi-strong form efficient if the current security prices reflect all publicly available information. Finally, the market is strong form efficient if security prices reflect all private and public information. The traditional analysts strongly believe that the stock markets are efficient because stock prices reflect the true market value of future dividends. Thus the shareholders make decisions on which shares to add or remove from their portfolios. The investors such as commercial banks and other financial institutions make decisions about whether and at what price to offer finance to companies. Financial managers make decisions in the major areas of investment, financing and dividends. Shareholders, investors and financial managers can inform their decisions by evaluating the financial performance of companies using information from financial statements, financial database, the financial press, and from Internet. Ratio analysis of financial statements can provide useful historical information on the profitability, solvency, efficiency, and risk of individual companies. By using performance measures such as economic profit, earning per share, net asset value per share, and value added, company performance linked more closely with shareholders value and shareholders wealth and attention can be directed to ways in which companies can create more value for shareholders. But in recent years many market analysts have started arguing for market inefficiency, at least in its weak form. They claim that the traders are now paying more attention to information related to recent trends in return instead of putting emphasis on the information related to future dividends. A large number of traders are buying stocks only because past returns were very high. These traders are often called feedback traders; believe that if the stock returns were in high in the recent past, they are likely to be high in future. Such behaviors of traders cause stock prices to go beyond the true values of stocks in the short run. This feedback trading makes the market more volatile in the short-run because in the long-run the stock prices tend to return to their true values. In respect of weak form efficiency of DSE some researchers have done several works; see for example Uddin and Khoda (2009),  Mobarek, Mollah, and Bhuyan ( 2008),  Hassan and Chowdhury (2008), Alam  and Uddin (2007), Uddin and Alam (2007), Ainul and Khaled (2005), Kader  and Rahman (2005), Sadique and Chowdhury (2002), Chowdhury and Rahman, M. A. (2001), but no one conducted the GARCH(p, q)-M model in order to find the relationship between risk and return of DSE. Basher, Hassan and Islam (2008) have done a research and used GARCH(p, q) model in order to find the risk-return relationship of DSE. They found the negative relationship between risk and return and statistically significant, which indicates that the portfolio theory does not exist in DSE, very contradictory to us. That is why, in this paper the principal purpose has been made to examine some issues concerning the efficiency of the market, and the relationship between stock returns and volatility using the GARCH(p, q)-M model that have been attracted considerable attention for other emerging market. Also to find the impact of institutional factors like as lock-in system, circuit breaker system and the caretaker government on volatility. Also in this paper at first some key indicators have been used in order to measure the development of DSE.  The organizational structure of this papers is as follows: Section II reviews related literature, Section III provides a brief overview of DSE, Section IV examines the data used to assess the performance of DSE in recent years and the distributional characteristics of DSE stock returns, Section V discusses methodology and the econometric modeling framework with empirical analysis and section VI concludes with a summary of the main findings and policy implications.
LITERATURE REVIEW 
The stock market efficiency hypothesis is a fundamental part of the modern Finance and Economics. Market efficiency has an influence on the investment strategy of an investor because if market is efficient, trying to pickup winners will be a waste of time. Because in an efficient market there will no undervalued securities offering higher than deserved expected returns, given their risk. On the other hand if a market is not efficient excess return can be made by applying the trading strategy. Thus the efficiency of stock market is one of the most controversial and well studied propositions in the literature of capital market. The wide range of studies concerning the efficiency hypothesis of Bangladesh stock market in the literature provides mixed evidences. The studies such as, Chowdhury (1994), Hassan, Islam and Basher (1999), Hassan and Maroney, (2004), Ainul and Khaled, (2005), Kader and Rahman (2005), Alam, Alam and Uddin (2007), Uddin and Alam (2007), Mobarek, Mollah and Bhuyan (2008), Uddin and Khoda (2009) do not support the weak form of efficiency of Bangladesh’s Dhaka Stock Exchange market. There have been also a very few studies like ; Hassan, and Chowdhury, (2008), Uddin and Shakila (2008) support the existence of weak form efficiency of Bangladesh stock market. This disagreement regarding the efficiency market hypothesis has generated research interest in this topic. According to the knowledge of the authors a very few number of researchers have done work see for example Basher, Hassan, and Islam (2008) in order to find the relationship between risk and return over the past decades of DSE using the GARCH model. Their findings are very contradictory to us. Thus this paper shall fill the gap in the capital market literature by studying the weak form market efficiency and volatility effect of DSE.  
A BRIEF DESCRIPTION OF DSE

On April 28, 1954, DSE was first established as the East Pakistan Stock Exchange Association Ltd. But the formal trading was began in 1956 with 196 listed securities on the DSE with a total paid up capital of about Taka 4 billion (Chowdhury 1994). On 23rd June 1962 it was renamed as Dhaka Stock Exchange (DSE) Limited. From 1971 the trading was suspended due to the liberation war and again in 1976 the operation was resumed with only 9 listed companies with a paid up capital TK 0.138 billion and market capitalization of TK 0.147 billion which was 0.138% of GDP (Khan 1992). As of 30 September 2010 there were 461 securities listed on the DSE with market capitalization TK 3260.28 billion.  DSE is registered as a Public Limited Company and its operational activities are regulated by its Articles of Association and its own rules, regulations and by-laws along with the Bangladesh Securities and Exchange Ordinance 1969, the Company Act, 1994; the Securities and Exchange Commission (SEC) Act, 1993. Various policies have been adopted by the SEC and DSE in various times to run the market smoothly. 

THE DATA 
Examining the efficient market hypothesis in its weak form in the context of Bangladesh, stock market being the objective, this paper selects the Dhaka stock exchange which is the leading stock exchange of Bangladesh. The empirical analysis in this study uses daily stock return data computed from daily closing stock price indices of Dhaka Stock Exchange as recorded in terms of DSEG, DSI and DS20 which are most widely known indices of DSE. Here the sample period spans for DSI from 2nd January 1993 to 30th September 2010. The index DSI is based on all of the listed companies. The sample spans for DSEG index from 27th November 2001 to 30th September 2010.  The index DSEG is based  A, B, G, and N 
categories only. The index DSEG is started from 24th November 2010. The sample period spans for DS20 from 1st January 2001 to 30th September 2010.  The index DS20 is started from 1st January 2001. The DS20 index is based only best 20 companies. The sample of stock returns for DSI consists of 4578 daily observations, for DSEG 2251 daily observations, and for DS20 2496 daily observations. All the data are collected from the different publications of Dhaka Stock Exchange. For empirical analysis of this study the software RATS has been used 
METHODOLOGY
If the market follows a hypothesis of weak-form efficient, the stock prices should be a random walk or stochastic process. This indicates that the successive price changes of DSE are independent and identically distributed random variables. If the market is efficient, then the current securities prices are fully and instantaneously reflected by the past securities prices. Therefore the investors cannot obtain the abnormal gain on the basis of the past historical price information. If the stock prices are uncorrelated they follow the random walk model. Thus autocorrelation function has been used for measuring the dependence of successive terms in a set of stock returns of DSE. Also, to test the hypothesis of random walk of stock returns or efficiency of Dhaka Stock Exchange in a weak form two popular units roots tests the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests have been applied here. In this paper we also used the ARIMA (p, d, q) model in order to decompose our information variables into their anticipated and unanticipated components. On the contrary a conflicting viewpoint can be raised if the market has been influenced by volatility then the results may be significantly different. That is why in this study in order to examine the stochastic process over the study period, we employed models of conditional variances using the Generalized Autoregressive Conditional Heteroskaedasticity (GARCH) formulation. The GARCH approach allows for an empirical assessment of the relationship between risk and returns in a setting that is consistent with the characteristics of leptokurtosis and volatility clustering observed in emerging stock markets. Moreover, conclusions regarding predictability of returns based on the significance of autocorrelation coefficients are valid only after controlling for the ARCH effects (Errunza et al., 1994). The Autoregressive Conditional Heteroskedasticity (ARCH) model introduced by Engle (1982) allows the variance of the error terms to vary over time, in contrast to the standard time series regression models which assume a constant variance.  Bollerslev (1986) generalized the ARCH process by allowing for a lag structure for the variance. The generalized ARCH models, i.e. the GARCH models, have been found to be valuable in modeling the time series behavior of stock returns (Baillie and DeGennaro, 1990; Akgiray, 1989; French et al. 1987; Koutmos, 1992; Koutmos et al. 1993). Bollerslev (1986) allows the conditional variance to be a function of prior period’s squared errors as well as of its past conditional variances. The GARCH model has the advantage of incorporating heteroscedasticity into the estimation procedure. All GARCH models are martingale difference implying that all expectations are unbiased. The GARCH models are capable of capturing the tendency for volatility clustering in financial data. Volatility clustering in stock returns implies that large (small) price changes follow large (small) price changes of either sign. Engle et al. (1987) provide an extension to the GARCH model where the conditional mean is an explicit function of the conditional variance. Such a model is known as the GARCH in the mean or GARCH-M model. Following Mecagni and Sourial (1999), stock returns can be represented by the GARCH (p, q)-M model.  Returns distributions of DSE have been studied by comparing descriptive statistics. At first in this paper we use some key indicators for measuring the development of Dhaka Stock Exchange over a period of times.  

Some Key Indicators for Measuring the Development of DSE

In this section some key indicators like as market capitalization, market liquidity, number of listing companies and turnover ratio have been considered to highlight the development of the Bangladesh stock market. These indiactors are given in Table (1), also an index is computed which is constructed by Dermirguç – Kunt and Levine (1996), for measuring the development of DSE based on the market growth indicators viz. market size, liquidity, and turnover ratio. This index is given by;
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Ranking these calculated indices for different years we can measure the development of DSE

Table 1: Some selected key indicators of the development of DSE from 1990/91 to 2008/09
	Years
	Nominal

GDP

BillionTk


	MACP

(billionTK)


	MACP

Ratio to

GDP (%)


	Total value traded

(billionTK)
	TVTR to GDP
	Turnover

Ratio

In %
	No. of

Listed Companies
	% Chang of Com

panies
	Index
	Rank

	1990-91

1991-92

1992-93

1993-94

1994-95

1995-96

1996-97

1997-98

1998-99

1999-00

2000-01

2001-02

2002-03

2003-04

2004-05

2005-06

2006-07

2007-08

2008-09
	834.39

906.5

948.07

1354.12

1525.18

1663.24

1807.01

2001.77

2196.97

2370.86

2535.46

2732.01

3005.80

3329.73

3707.07

4157.28

4674.97

5419.19

6149.43
	11.485

10.397

12.29

18.098

80.657

315.149

124.134

91.637

81.324

120.69

121.586

131.73

182.899

439.934

453.018

420.85

411.55

788.82

1001.43
	1.3764

1.1469

1.2963

1.3365

5.2883

18.9478

6.8695

4.5777

3.7016

5.0905

4.7954

4.8217

6.0848

13.2123

12.2203

10.1232

8.8032

14.5560

16.2849
	0.19

0.12

0.44

0.58

6.3997

36.222

25.9485

48.4044

50.5023

53.2986

54.6645

48.571

25.8407

70.7324

78.8775

57.4001

189.71

164.6
543.3
	0.0227

0.0132

0.0464

0.0428

0.4196

2.1777

1.4359

2.4180

2.2987

2.2480

2.1559

1.7778

0.8596

2.1242

2.1277

1.3807

4.0580

3.0373

8.8349
	1.6543

1.1541

3.5801

3.2047

7.9344

11.493
20.903
52.821
62.100
44.161
44.959
36.871
14.128
16.077
17.411
13.639
46.096
20.866
54.252
	149

153

166

163

183

200

205

214

219

229

236

248

271

262

256

286

310

350

412
	2.684
8.4967

-1.8072

12.269

9.2896

2.5000

4.3902

2.3364

4.5662

3.0567

5.0847

9.2741

-3.3210

-2.2900

11.718

8.3916

12.903

17.714
	-0.911
-0.930
-0.885
-0.889
-0.584
0.3757
-0.168
0.3217
0.3862
0.2002
0.1820
0.0110
-0.391
0.1695
0.1432
-0.127
0.6992
0.4484
1.9527
	18

19

16

17

15

5

3

6

4

7

8

11

14

9

10

12

2

3

1


Results and Discussion:  The market capitalization ratio has increased from 1.38 % in 1990-91 to 16.28 % in 2008-09(Table 1).Total market capitalization reached to Tk. 1001.43 billion in 2008-09 from Tk. 11.485 billion in 1990-91.This shows a remarkable cumulative  increase of  87.19 times . Mean of market capitalization ratio is 0.0739 with a standard deviation of 0.0541 which indicates high level of volatility in market capitalization. The ratio of total traded value to GDP has increased form in 0.0227% in 1990-91 to 8.8349 % in 2008-09, which shows a cumulative increase of 389.202 times. Mean value of 0.01972 with a standard deviation of 0.0212. The number of listed company has grown from 149 in 199-91 to 412 in 2008-09 with an average annual growth rate of 5.96% and a standard deviation of 68.69. During the study period the turnover ratio of DSE is increased from 1.65% in 1990-91 to 54.25% with a mean ratio of 0.249 and standard deviation of 0.201 indicate marked fluctuations in the turnover ratio. Based on index, the stock market is developing over the years. During the periods under study, the stock market was the most developed during 2008-09 and ranked 1. Our analysis reveals that the Bangladesh’s stock market is growing in terms of market capitalization ratio to GDP, turnover ratio, total value traded ratio to GDP and number of listed companies, although the growth over time is not stable and has not yet assumed any obvious pattern.  

Some Descriptive Statistics for Measuring the Stock Returns of DSE
In this section some unconditional distributional statistics like as mean, median, skewness, kurtosis, Jarque-Bera test for normality and also the first order autocorrelation are calculated in order to known dependency of successive returns
  which are given below in Table (2) 
	Descriptive Statistics 
	DSEG
	DS20
	DSI

	Mean (In percent)

Median (In percent)

Standard Deviation (In Percent)

Coefficient of Variation

Minimum

Maximum

Skewness 

t-statistic 

Kurtosis

t-statistic 

Excess Kurtosis

JB Test for Normality 

First Order Autocorrelation Coefficient

Ljung-Box Q Statistic
Observations
	0.096399

0.068911

1.166594

12.1017

-7.358857

20.382123

2.261837

848.1889

42.856534

3736.550

39.8565

174107.448

0.09177**

18.973  
2251
	0.045632

0.007414

1.135388

24.8814

-7.469633

7.602696

-0.005309

-2.1661

4.967730

204.5619

1.967730

2565.530

0.13955**

48.648

2496
	0.060568

0.003889

1.619834

26.7441

-27.28994

28.401319

-0.007095

-0.1960

87.159762

1162.2226

84.1597

1448777.69

0.11146**

56.903

4578


Results and Discussion: The mean and median returns are highest for DSEG and followed by DSI and DS20. The variability’s of three indices are not similar, the variability is highest for DSI, followed by DS20 and DSEG. The returns display positive skewness for DSEG but negative for DS20 and DSI indices and also excess kurtosis for all three indices. The returns are leptokurtic that is their distributions have thicker (flatter) tails than a normal distribution. The hypothesis of normality (unconditional) is always rejected by Jarque-Bera test, confirming the stock returns either skewed or kurtosis. The presence of non-zero autocorrelation coefficients in the log of the market returns series clearly suggests that there is a serial dependence between the lag values. The non-zero auto-correlation of the series associated with Ljung-Box Q statistics that are significant at any significance level suggests that the return series on the DSE are not following the random walk model. Given the positive auto-correlation momentum strategy that appears to earn superior returns to the market average, it is possible that the large investors who want to earn higher average returns uses the market timing strategy (buying when the share prices are low and selling when the share prices are high) and other uninformed investors follow the momentum trading. 
ADF and PP Tests for Testing the Hypothesis of Weak-form Efficiency of DSE 

In the context of the weak-form of efficient market hypothesis, in this study two popular unit root tests, the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests have been applied. For both tests, the following two cases have been considered in this paper;

Case One : Constant and trend terms are included in the equation
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Case Two: Only constant term is included in the equation
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Here 
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is the series under investigation which indicates the daily stock returns of three different price indices DSEG, DS20 and DSI respectively, 
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stands for first difference and the lagged difference terms on the right hand side of the equations are designed to correct for serial correlations of the disturbance terms. The lagged differences are selected by using the AIC and SBIC criteria. If 
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 contains a unit root and therefore an I(1) process governed by a stochastic trend and the market is said to be efficient. Since the estimated 
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 does not have the usual asymptotic distribution, the values tabulated by MacKinnon (1991) are used; these values are more accurate than the ones original tabulated by Fuller (1976) and Dickey-Fuller (1987). If the random error terms
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’s are serially correlated and possibly heteroscedastic as well, then we apply the Phillips-Perron test. Here the null hypothesis to be tested is; 
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To examine the order of integration for the variables daily stock returns of three different indices DSEG, DS20 and DSI , by the unit root tests, the ADF and the PP  tests results are reported below. Here we reported the test values for 10 lag values, we also observed for higher order lag values for which the AIC and SBIC are higher that is why we did not report the test values for higher order lags. 
Table 4: The Augmented Dickey-Fuller (ADF) and Philips-Perron (PP) tests results

	Lags
	DSEG
	DS20

	
	ADF Test
	 PP Test
	ADF Test 
	PP Test

	
	Case1
	Case2
	Case1
	Case2
	Case 1
	Case 2
	Case1 
	Case2 

	1

2

3

4

5

6

7

8

9

10
	-34.075**

-26.527**

-22.675**

-19.427**

-17.874**

-16.272**

-15.520**

-14.165**

-13.699**

-12.667**
	-33.986**

-26.432**

-22.573**

-19.323**

-17.768**

-16.165**

-15.408**

-14.056**

-13.587**

-12.553**
	-43.352**

-43.275**

-43.266**

-43.276**

-43.310**

-43.340**

-43.376**

-43.402**

-43.441**

-43.474**
	-43.269**

-43.192**

-43.186**

-43.198**

-43.237**

-43.271**

-43.311**

-43.343**

-43.388**

-43.426**
	-33.811**

-26.043**

-22.602**

-19.789**

-18.505**

-17.187**

-16.626**

-15.480**

-14.726**

-14.171**
	-33.725**

-25.956**

-22.513**

-19.699**

-18.409**

-17.088**

-16.518**

-15.375**

-14.617**

-14.054**
	-43.4922**

-43.4175**

-43.4709**

-43.5372**

-43.6251**

-43.6914**

-43.7531**

-43.7874**

-43.8270**

-43.8672**
	-43.4069**

-43.3336**

-43.3913**

-43.4626**

-43.5565**

-43.6288**

-43.6970**

-43.7374**

-43.7832**

-43.8300**

	Lags
	DSI
	DSI

	
	ADF Test
	PP Test
	Lag
	ADF Test
	PP Test

	1

2

3

4

5
	-46.630**

-37.163**

-31.208**

-27.143**

-25.419**
	-46.615**

-37.145**

-31.189**

-27.124**

-25.398**
	-60.513**

-60.436**

-60.435**

-60.488**

-60.581**
	-60.494**

-60.418**

-60.418**

-60.472**

-60.565**
	6

7

8

9

10
	-23.349**

-21.711**

-20.416**

-18.832**

-17.467**
	-23.328**

-21.688**

-20.393**

-18.809**

-17.444**
	-60.642**

-60.704**

-60.774**

-60.841**

-60.926**
	-60.62**

-60.69**

-60.76**

-60.83**

-60.91**


Results and Discussion: The statistical results of unit root tests which are reported in Table (4), for daily stock returns of three different indices of DSE suggest that there is serial dependence of returns of DSE. Here the ADF and PP tests results are statistically significant for all the series at any significance level, the returns series of all the indices of DSE do not follow the random walk model that means DSE is not efficient in weak form. The unit root tests results are consistent with the estimation values of autocorrelation function of stock returns. This indicates that the stock prices do not fully reflect all the information contained in the history of past prices and returns.  This indicates that in DSE the stock prices deviate from the fundamental values. Therefore in DSE the investors can make super-normal profits (excess profits) from trading strategies based on buying when the share prices are low and selling when the share prices are high.

ARIMA (p, d, q) Model 
Based on the behaviour of the estimated autocorrelation functions and the partial autocorrelation functions it can be considered the AR(1) model for the stock returns of DSE.  In fact the analysis of correlogram can suggest that we can build also ARMA (1, 1) model. However, in this study we used the ARIMA model instead of the ARMA model because it includes the integration process. As we know under the random walk model, it needs to fit the model in ARIMA (0, 1, 0) where the future value of share returns cannot be determined on the basis of past information. Specifically, future share returns will not depend on past (lag) values of share returns or on the past error terms. The significant coefficients of auto-regression (AR) or moving average (MA) different from zero suggest dependency of the series which violates the assumption of the random walk model and weak-form efficiency. In this paper, ARIMA (p, 1, q) and also ARIMA (p, 0, q) models are employed to decompose our information variables into their anticipated and unanticipated components. The ARIMA (p, 1, q) model is given by:

 
[image: image16.wmf]p

t0it-it-jt

i=11

R= +R

q

j

j

aabee

=

DD++

åå

                                                                                         (7)
and for ARIMA(p, 0, q) model is given by
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where 
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 stands for the first difference for each series, 
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 is the stock return at time t, p and q are the number of autoregressive and moving average terms respectively. The estimated values of different ARIMA models are given below in Table (5)
Table 5: Results of ARIMA model [(ARIMA (0, 1, 0), ARIMA(1, 0, 0), ARIMA(2, 0, 0), ARIMA(1, 0,1), ARIMA(2, 0, 1)] for the daily stock returns of DSE
	Models
	DSEG

	
	Parameters
	Coefficient
	Standard Error
	t-Test
	p-Value

	ARIMA(0,1,0)
	Constant
	-0.0001526
	0.033158
	-0.00460
	0.9963

	ARIMA(1, 0, 0)
	Constant

AR(1)
	0.09598

0.09175
	0.026978

0.021005
	3.5577**

4.3684**
	0.0004

0.0000

	ARIMA(2, 0,0 )
	Constant

AR(1)

AR(2)
	0.096230

0.097640

-0.06243
	0.025363

0.0210647  

0.021061
	3.7940**

4.6353 **

-2.9645**
	0.0001

0.0000

0.0030

	ARIMA (1, 0, 1)
	Constant

AR(1)

MA(1)
	0.096589

-0.734555

0.818891
	0.02559

0.06518

0.05519
	3.773**

-11.26**

14.83**
	0.0001

0.0000

0.0000

	ARIMA (2, 0, 1) 
	Constant

AR(1)

AR(2)

MA(1)
	0.095332

-0.812140

0.045349

0.914759
	0.026436

0.042726

0.023516

0.03671
	3.6061**

-19.008**

1.9284

24.915**
	0.0003

0.00000

0.0539

0.0000

	Models
	DS20

	ARIMA (0, 1, 0)
	Constant
	0.0002579
	0.029830
	0.00863
	0.993117

	ARIMA (1, 0, 0)
	Constant

AR(1)
	0.0457746

0.1395539
	0.026174

0.0198363
	1.74885

7.0352**
	0.08043

0.0000

	ARIMA (2, 0, 0)
	Constant

AR(1)

AR(2)
	0.046368

0.143577

-0.029567
	0.02541

0.02002

0.020026
	1.8243

7.1694**

-1.47641
	0.0682

0.00000

0.13996

	ARIMA (1, 0, 1)
	Constant

AR(1)

MA(1)
	0.04534

-0.33865

0.48094
	0.02488

0.11082

0.10326
	1.8226

-3.055**

4.6573**
	0.0684

0.0022

0.0000

	ARIMA(2, 0, 1)
	Constant

AR(1)

AR(2)

MA(1)
	0.045728

-0.555521

0.051871

0.704948
	0.025490

0.1341005

0.033470

0.132253
	1.79394

-4.142**

1.54977

5.3302**
	0.0729

0.0000

0.1213

0.0000

	Models
	DSI

	ARIMA(0, 1, 0)
	Constant
	0.0001286
	0.03192
	0.00403
	0.996785

	ARIMA(1, 0, 0)
	Constant

AR(1)
	0.0606

0.1114
	0.0268

0.0147
	2.26*

7.58**
	0.0237

0.0000

	ARIMA(2, 0, 0)
	Constant

AR(1)
AR(2)
	0.0606312

0.1152246

-0.0337367
	0.0259070

0.0147810

0.0147810
	2.3403*  

7.7954** 

-2.2824*
	0.01930

0.0000000

0.022509

	ARIMA(1, 0, 1)
	Constant

AR(1)

MA(1)
	0.0606

-0.2271

0.3430
	0.0261

0.1147

0.1106
	2.327*

-1.98*

3.10**
	0.0200

0.0475

0.0019

	ARIMA(2, 0, 1)
	Constant

AR(1)

AR(2)

MA(1)
	0.060633

-0.358547

0.0180712

0.4746263
	0.026171

0.290662

0.0411892

0.2900526
	2.3167*

-1.23355

0.43874

1.63635
	0.02056

0.21743

0.660873

0.101836


Results and Discussion: We first calculate ARIMA (0, 1, 0) of the　daily stock returns series for three different indices of DSE where the coefficients for all the series are highly insignificant with probability greater than 0.99 in all cases. Thus the results suggest that stock returns series for three indices of DSE are not following random walk model. Thus these results are consistent with the results of unit root test and auto correlation function. In this paper we also estimated the ARIMA (1, 0, 0), ARIMA (2, 0, 0), ARIMA (1, 0, 1), ARIMA (2, 0, 1) models for the stock returns of three indices using the Box and Jenkins methodology. It has been found that for each stock returns series the best fitted model is ARIMA (1, 0, 1). The estimated values of ARIMA ( 1, 0, 1) model for the stock returns of DSEG are AR1(-0.734555) and MA1 (0.818891) and are significant at any significance level, for DS20 are AR1 (-0.33865) and MA1 (0.48094) and are significant at any significance level, and for DSI are AR1 (-0.227233) which is significant at 5% level of significance and MA1 (0.3430325) which is significant at any significance level. For diagnostic checking, the Durbin Watson test results show that there is no significant residual auto correlation for each stock returns series.  It should be noted that when the autoregression coefficient is equal to unity, it implies that the changes of returns from one period to another period are only due to current disturbance terms. That is the return series do not depend on past information of the return series or past forecasted errors. But the results are reported in Table (5) are significantly different from 1 based on different ARIMA models for each series. Thus the estimated results for each stock returns series indicate that the changes in the stock returns series are not due to the current disturbance terms, which do not support the random walk model and is consistent with previous tests. So, it can be concluded that there is a significant dependency of past returns information on the DSE, which is against the weak-form efficiency of the market and proves that the past return series can be used to predict future returns. This predictability nature of the DSE price series might be due to a lower degree of efficiency like in the markets in other less developed countries persisting with common characteristics of loose disclosure requirements, thinness and discontinuity in trading and the less developed nature of the markets lack of awareness of the concerned authority etc. As we know the independence hypothesis needs to be justified by the existence of risk free assets, negligible non-diversifiable risk and a perfect market assumption. Clearly, conditions in the Dhaka stock market are far away from this idealized vision of the world than they are in major developing countries markets. The robustness of the results of the study is assessed using different statistical tests and finding the consistency of the results, which eventually increases the reliability of the results. On the contrary a conflicting viewpoint is that the results of DSE may have influenced by volatility spillovers, as such the results may be significantly different if the changes in the settlement systems are incorporated in the analysis. That is why in this paper more efficient model GARCH-M model has been considered in order the find the effect of volatility and also to test the week-form efficiency of DSE in the presence of volatility. 
Autocorrelation Functions for Volatility 

In order to examine the persistence of volatility at first we calculated the autocorrelation coefficient of the squares returns for all three indices. The estimated autocorrelation and partial autocorrelation coefficients of squared daily stock returns for three indices are presented below in Table (6). 

Table 6: Autocorrelation function for squared returns of three indices 
	
	DSI
	DS20

	Lags
	ACF
	PACF
	Q-Statistic
	Prob.
	ACF
	PACF
	Q-Statistic
	Prob.

	1

2

3

4

5

6

7

8

9

10
	0.183473

0.019392

0.015851

0.012814

0.022247

0.021412

0.012065

0.009161

0.013092

0.008828
	0.183473

0.014767

0.015475

0.007622

0.019120

.014173

0.005503

0.005601

0.010025

0.003925
	154.173

155.895

157.047

157.799

160.068

162.170

162.838

163.223

164.009

164.367
	0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
	0.267198

0.188316

0.139360

0.111767

0.067946

0.045036

0.025412

0.042939

0.031731

0.085339
	0.267198

0.125910

0.067553

0.045745

0.006043

0.000440

-0.00598
0.026526

0.009654

0.071542
	178.344

266.966

315.520

346.762

358.313

363.390

365.007

369.625

372.149

390.407
	0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

	Lags
	DSEG
	DSEG

	
	ACF
	PACF
	Q-Statistic
	Prob.
	Lags
	ACF
	PACF
	Q-Stat.
	Prob.

	1

2

3

4

5
	0.02704

0.02349

0.01519

0.01214

0.01023
	0.02704

0.02278

0.01397

0.01085

0.00898
	1.648

2.892

3.412

3.744

3.981
	0.199251

0.235535

0.332369

0.441713

0.552197
	6

7

8

9

10
	0.00064

0.00007

0.00351

0.00106

0.00628
	-0.0006
-0.0007
0.00312

0.00069

0.00602
	3.982

3.982

4.009

4.012

4.101
	0.679161

0.781888

0.856270

0.910620

0.942663


Also to observe the volatility condition, the stock returns are presented graphically below; 

Figure 1: Daily stock returns of DSEG, DS20 and DSI indices
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[image: image22.emf]Daily DSEG Returns
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Results and Discussions: It has been found that the autocorrelation and partial autocorrelation coefficients are significant except the DSEG index. It indicates that the presence of volatility clustering in the returns of DSI and DS20 indices. From figure it can be readily observed that the volatility for all the series increasing over time and to be serially correlated.

GARCH (p, q) –M Model for Risk-Return Relationship of DSE

In this paper the significance of volatility effect on stock returns of DSE are analyzed by means of a generalized autoregressive conditional heteroscedastic (GARCH) modeling framework. This approach allows us for an empirical measurement of the relationship between risk and returns in a setting that is consistent with the characteristics of leptokurtic and volatility clustering observed in the time series of daily stock returns of DS20, DSI and DSEG. In this paper a generalized GARCH (p, q) model is utilized to model volatility and test for weak-form efficiency of the stock returns. In this section we outline the recent developments in modeling the conditional volatility of stock returns. Modeling of volatility has come a long way. A crude measure of volatility, standard deviation, is the standard tool applied in the financial markets. This measure estimates the sample standard deviation of the returns over a sample period. The problem with this approach lies with the choice of sample period. If the sample period is too long it may not be relevant for today and if it too short, it will tend to be too noisy. Furthermore, an asset holder is concerned with the forecast of the rate of return and its variance over the holding period, the so-called conditional variance. He is least concerned with the long-run forecast of the variance, the so-called unconditional variance. One way to resolve the above problem is to resort to estimating rolling standard deviation. While this approach provides forecast of the conditional variance, its drawback is that it equally weighs average of the squared residuals over the pre-defined rolling window. Moreover, this approach is criticized on the grounds that it attaches a weight of zero to observations that fall before the pre-defined rolling window. Engle (1982) proposed an autoregressive conditionally heteroscedastic( ARCH) model for specifying conditional volatility that incorporates the common sense logic that observations belonging to the recent past should get higher weights than those belonging to the distant past i.e. the model adopts an unequal weighting structure that evolves according to an autoregressive scheme. The weights are estimated using the sample data. Bollerslev (1986) proposed a generalized ARCH model (GARCH) model which essentially generalizes the ARCH model by modeling the conditional covariance as an ARMA process. This GARCH (p, q) can be represented for stock returns (
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In the above system, the equation (1) is called the mean equation and equation (2) is called the variance equation. The mean equation is specified as an autoregressive moving average process, ARMA (p, q), which assumes that a time series is a linear combination of its past values and as well as current and past values of random errors. In this framework weak form efficiency is established if the coefficients on the ARMA terms are statistically insignificant. The choice of p, q and J are identified using standard time series techniques AIC and SBIC criteria. Engle, Lilien and Robins (1987) suggested an ARCH-M specification where the conditional variance of assets returns enters into conditional mean equation. The basic insight is that an investor should be rewarded for taking additional risk by obtaining a higher return. To the extent, that an asset’s riskiness can be measured by its variance, the risk premium will be an increasing function of the conditional variance of the returns. An　extension of ARCH-M model specifies conditional variance as a GARCH process and then adds the conditional variance to the mean equation. The resulting specification called GARCH-in mean or GARCH(p,q) -M and is given as follows:
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In the above formulation, a positive and significant risk coefficient (
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) will imply that market rewards investors for taking additional risk by reaping a higher return. Thus the GARCH(p ,q)-M framework uses the conditional variability of returns as a measure of time varying-risk and captures the independence between expected returns and changing volatility of asset holding postulated by portfolio theory. In the above formulation 
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 is random error term which is serially uncorrelated and conditional normally distributed with zero mean and variance
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 in fact may vary over time as a result of the linear dependence on the behavior of past squared innovations 
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). The squared innovation terms imply that the volatility shocks are likely to continue to be large if the were so in the past, and therefore capture the observed tendency for volatility cluster at time. The GARCH(p, q)-M model imposes the following inequality restrictions to ensure a positive conditional variance 
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provides a channel to examine the weak form of efficiency hypothesis of DSE. The term
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 indicates whether there is any systematic pattern of time dependence in stock returns that may allow for past information to be used to improve the predictability of future returns. In any efficient market, current asset prices tend to incorporate all available information at any given time and therefore future returns should be unpredictable on the basis of the current and past observations. The hypothesis of weak-form of efficiency of a market is thus typically associated with the absence of serial correlation for the time series of stock returns. On the other hand the term 
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links market return to stocks’ volatility, measured by the standard deviation of the conditional distribution of returns. Based on portfolio theory if the coefficient of the term 
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is positive and statistically significant indicates that investors trading stocks were rewarded with higher returns for bearing risk during the same period. The reward varies with 
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, in turn reflecting periods of relatively low or high volatility. The relationship between returns and volatility may vary over time as a result of changes in policies or regulations affecting the trading environment. In this paper we explore the possibility of a time-varying risk return coefficient 
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 using the method of multiplicative dummy variables. A statistically significant estimate for the dummy variable coefficient indicates a shift in the risk-return relationship and therefore evidence against a fixed parameter model for the sample examined. 

Estimation, Results and Discussion: The GARCH (p, q)-M model was estimated for three indices of DSE using the Berndt, Hall, Hall and Hausman (1974) (BHHH) maximum likelihood method. Before processing the GARCH modeling, at the first step we identified the appropriate model for each return series based on the Box and Jenkins methodology. Here an ARMA (1, 1) model is identified for each stock return series. At the second step an ARCH-LM test is carried out to ensure that the underlying process is in consort with the postulated GARCH model. Two steps are involved for testing the ARCH errors. In the first step returns estimated on the basis of ARMA (1, 1) model for each index and in the second step the squared residuals from the above regression are regressed on lags values with a constant term. Under the null hypothesis of no ARCH errors the Goldfrey-Breusch (1978) LM is distributed as 
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. The test results are given with the p-value in Table (7). The test results are highly significant for three returns series of DSE. Thus this indicates the presence of ARCH errors in the different indices of DSE. As the ARCH test indicates the presence of non-linearity, we processed to model the return series as a GARCH model. Thus an ARMA (1, 1)-GARCH(1,1)-M model is specified to characterize the volatility and to test the weak form of efficiency of DSE. The estimated model is given by;
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The above formulation is similar to the general form presented in equation (9) with the exception that volatility equation includes a dummy variable (
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 is used in the estimated variance equation in order to capture the impact of lock-in system which was introduced on 11th February 1995. Under this lock-in provision the foreign investors are not allowed for trading the initial public offering for one year. However this lock in system was abolished on 8th July 1996, to capture the impact of circuit breaker system which was introduced on October 1996 and to capture the impact of Caretaker Government time periods from 12th January 2007 to 6th January 2009 on the volatility of the stock returns. The results are given in Table (7) 

Table 7: ARMA (1, 1)-GARCH (1, 1)-M estimates of daily stock returns for DSE and LM test results
	
	DSI
	DS20
	DSEG

	Coefficients
	D1
	D2
	D3
	D4
	D3
	D4
	D3
	D4
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Test Value
p-Value
	0.07744**

2.69677

0.007001
	0.12805**

7.07584

0.0000
	0.1372**

3.27088

0.00107
	0.1191**

462.8821

0.00000
	-0.11585**

-2.70739

0.006781
	-0.1170**

-2.6476

0.0081
	0.2699**

6.1510

0.0000
	0.2751**

6.6784

0.0000
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 (AR1)

Test Value

p-Value
	-0.31302**

-3.85908

0.000113
	-0.8492**

24.04244

0.0000
	-0.3581**

-3.21318

0.0013
	-0.99841**

-3.9938e+007

0.0000000
	-0.26446**

-2.51555

0.011884
	-0.2462**

-2.76248

0.00573
	-0.7478**

-8.45819

0.0000
	-0.7431**

-11.784

0.0000
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 (MA1)

Test Value

p-Value
	0.46804**

6.23545

0.000000
	0.87562**

28.5057

0.0000
	0.47988**

4.0354

0.0000
	1.00323**

146633.3

0.000000
	0.46524**

4.83767

0.00000
	0.45171**

5.45497

0.00000
	0.84181

11.5475

0.0000
	0.8353**

17.369

0.00000
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Test Value

p-Value
	0.0124012

1.32090

0.186535
	0.00538

1.28829

0.197645
	0.00543

0.42477

0.671006
	0.00040**

8.52725

0.000000
	0.12382**

3.15281

0.00161
	0.1319**

3.16879

0.00153
	-0.00187

-0.11179

0.91099
	-0.0008

-0.0333

0.97341
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Test Value

p-Value
	0.2960172

11.43419

0.0000
	0.11364**

9.53123

0.0000
	0.25497**

37.2063

0.0000
	1.83074**

17.74237

0.0000
	0.69195**

22.7005

0.00000
	0.1335**

9.99201

0.0000
	0.76289**

39.4421

0.0000
	0.1769**

7.76885

0.0000
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Test Value

p-Value
	0.297258**

12.4839

.00000
	0.4406**

15.49894

0.0000
	0.31404**

47.85576

0.00000
	0.18395**

10.16872

0.00000
	0.20209**

8.09522

0.00000
	0.2308**

12.82978

0.00000
	0.37955**

8.07865

0.0000
	0.3912**

10.533

0.00000

	
[image: image66.wmf]1

g

(
[image: image67.wmf]2

1

t

s

-

)

Test Value

p-Value
	0.681715**

34.8092

0.0000
	0.80451**

91.35099

0.0000
	0.73174**

140.5278

0.000000
	0.53576**

21.2076

0.000000
	0.74100**

24.38890

0.00000
	0.6581**

25.4883

0.00000
	0.60383**

20.1876

0.0000
	0.57593**

17.1065

0.00000

	Dummy

Test Value

p-Value
	-0.23107**

-10.48119

0.000000
	-0.1086**

-9.0547

0.00000
	-0.09550**

-15.1314

0.0000
	-0.8856**

-7.48791

0.00000
	-0.5970**

-19.4584

0.00000
	0.1684**

5.8618

0.0000
	-0.59766**

-31.07268

0.000000
	0.09713**

2.94016

0.003280

	LM Test

p-Value
	248.008458**

0.00000000
	506.152594**

0.00000
	51.828610**

0.00000


**: indicates significant at 1% level of significance
From the estimated results it has been found that the AR (1) and MA (1) coefficients are significant for all three indices at any significance level. This indicates the hypothesis of linear independence of successive log price changes is strongly rejected for all three indices. The DSE stock returns display in all cases a significant first order serial correlation, which can be used to achieve a degree of predictability on the basis of the past returns. The degree of predictability would is higher for all indices. These findings indicates that the return series for all three indices exhibits departure from weak form of efficient market hypothesis, suggesting that the past relevant information can be used to predict future prices. The findings are consistent with the need, identified also by other studies for a modernization of DSE aimed at improving the efficiency of the trading system and at promoting effective disclosure requirements and provision and dissemination of information on the performance of listed companies. The hypothesis that the volatility is a significant determinant of stock returns is tested for all indices of DSE. It has been found that the estimated parameter 
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 is positive and statistically significant for the stock returns of DS20 index. This indicates that the volatility is significant determinant for stock returns of DS20 index. The estimated parameter 
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 is positive but not statistically significant for the stock returns of DSI index and it is negative for DSEG index but highly insignificant. Thus from these estimated results it can be concluded that risk-return relationship as postulated by the portfolio theory exists for the stock returns of DSI and DS20 indices but does not exist for the stock return of DSEG index. So it can be concluded that the average investors trading stocks were rewarded with higher returns for bearing risk for DSI and DS20 indices but not for DSEG index of DSE. The estimates reject the hypothesis of time-invariant conditional volatility for all stock returns of DSE. From the estimated results in Table (7) it has been found that the estimated parameters 
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 are significant at any significance level for all three indices. The significance of 
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  support the hypothesis that the conditional volatility changes over times due to volatility clustering effect, as implied by a significant  
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 and due to temporal dependence is reflected by the significant 
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 is greater than unity for DSI index implies that indefinite or increasing volatility persistence to shocks over time for DSI index. But the sum is less than unity for DS20 and DSEG indices which indicates the stability of the model. The dummy variables D1(introducing the lock-in system), D2 (introducing the lock-out system), D3 ( introducing the circuit breaker system) have been used in the model. It has been found that all the dummy variables have significant negative impacts on volatility for DSI index. We could not introduce the dummy variables D1 and D2 for DS20 and DSEG indices due to data problem. The dummy variable D3 has significant negative impact on volatility for DS20 and DSEG indices. The estimated coefficient of dummy variable D4 (introducing the caretaker government) indicates that the volatility is significantly decreased of the stock returns of DSI index during the period of caretaker government in Bangladesh, but significantly increased for other two indices DS20 and DSEG of DSE. This indicates the during the time period of caretaker government led to massive inflows of capital which were invested in the DSE market, thereby influencing its volatility.  

CONCLUSION AND POLICY IMPLICATIONS
The purpose of this study was empirically investigated the stock return behavior of DSE indices, the informational efficiency of the market, the relationship between volatility and returns using the GARCH-M model. The empirical analysis found that, irrespective of the indices examined, the stock returns of DSE are skewed, excess kurtosis and are not normally distributed. The results of ACF, ADF, PP tests and ARIMA models show that the existence of deviations from market efficiency in the pricing of equities. The empirical analysis also supports the significant relationship between conditional volatility and stock returns of DSE. The sample estimates indicate that the risk-return relationship is positive for DSI and DS20 indices but negative for DSEG and statistically significant for DS20. Thus it can be said that portfolio theory is postulated for DSI and DS20 indices at DSE. The negative sign of risk-return coefficient is not consistent with portfolio theory. The negative risk-return relationship can be happened due to the weak corporate profit performance. Also information asymmetry plays a crucial part in influencing the distribution of returns among investors. Also a number of companies do not hold annual general meetings as stipulated in company guidelines, nor do they declare regular dividends or invest the retained earnings in value maximizing investments. Also it has been found that the lock-in system and circuit breaker system have significant negative impacts on volatility. Also the estimated results support that during the time periods of caretaker government from 12th January 2007 to 6th January 2009, led to massive inflows of capital which were invested in the DSE, thereby significantly influencing its volatility. The inefficiency of DSE can be happened due to: (i) poor institutional infrastructure,(ii) weak regulatory framework, (iii) lack of supervision, (iv) lack of accountability (v) poor corporate governance, (vi) low level of capacity of major market players and (vii) lack of transparency of market transaction etc. Thus to improve the operation of capital market in Bangladesh the government should emphasize a policy of timely effective disclosure and dissemination of information to the stockholders and investors on the performance of listed companies. However the concerned authority should monitor the volatility very carefully and if necessary there should be effective intervention when the market experiences excess volatility. During unpredictable movements of individual stock price, it is important for the authority to indentify the factors behind such price movements and timely disseminate the information to the stockholders and investors. Also greater awareness and the infrastructure development of the stock market are very much essential for the improvement of the capital market of Bangladesh.
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� A-category: The companies which are regular in holding the current annual general meetings and have declared dividend at the rate of ten percent or more in the last English calendar year will be categorized in A category.  B-category: The companies which are regular in holding the annual general meetings but have failed to declare dividend at least at the rate of ten percent in the last English calendar year will be categorized in B category. 


N-category:  All newly listed companies except Greenfield companies will be placed in this category and their settlement system would be like B-category companies.  Z-category companies: The companies which have failed to hold the current annual general meetings or have failed to declare any dividend or which are not in operation continuously for more than six months or whose accumulated loss after adjustment of revenue reserve, if any, is negative and exceeded its paid up capital is known as Z category  G-category: The Greenfield companies. 





� In this paper, stock market returns � EMBED Equation.DSMT4 ���are defined as continually compounded (or log) returns at time t, which is calculated as the natural log difference in the closing market price index between two dates and expressed it as percentage,  is given by � EMBED Equation.DSMT4 ��� where � EMBED Equation.DSMT4 ��� is the price index at time t and � EMBED Equation.DSMT4 ��� is the price index at time t-1.
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